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Ocsupstions! Expesurs (0 Asdestos

acgney: Occupation Salaty and Heslith
Administraten (OSHA] Laber,
actioee Energency temporery standard.

suvmany: OSHA is istuing an
tmergency temporary standard (ETS) 10
teduce the permusible exposure limit
(PEL] {oc asbesios from 1 fibers (longer
thaa § qucrometers) per cubie
cantimeter {2 f/cc) a3 a2 cight-hour time-
weighted averege. 10 0.8 f/ce. During the
period of the smergancy standard,
empioyers may use all practicable
control methods, such a8 engineenng
controls, work practices and personal
roteclive equipment (o meet the new
imit of 0.5 Gbers per cubic cantimersr
- {03 {/oe) Trainirg progams are siso
vired 19 be instituted within 30 deys.
basis foc this ETS is OSHA'S
determunation that coaunved employew
exposure (0 asbestos yader current
ac#uor 32 :‘x:u 038 flee p:cwuau
ageve da veloping ssbestos.
indsced cancer and srbestens te
expeted smployess, and that an
smergency standand is necessary o
pestect tham. The ETS secves sisoas s
proposal ta tevise the current asbestos
standard purauant to sectios §(bj and

e} of the Act.
o 1’\(: aefics alss requesis commants

on the appropriatends of including the
presisions of the ETS 84 permsnent
revisions to Lhe asbesics standard. In
addition. OSHA will soon publisk 8
scparsd nouce of proposed rulemaking
that further explains Wie issues undet
considerstion for he permanent
standard and which raises some
edditior ! 1ssues regarding the
application of cartais prev:siens of the
asbestos standard te the eonsiruction
industry. That notice wil invite public
comments and will schadule 8
rulemaking heanng pursuant ia Section
6{b} of the Act concarning the progosed
permanant revicion i@ the asbesids
standard. -

oaTEs The effecive date foe this ETS is
e Tanrering te peooucd

¥ CODPURIng
revisions (@ the permanent siandard
made by the ETS must be recsived a3 or
belare januery 3. 1964 As noted. OSHA
will publish & netice of pro;
rulemaking shurtly that will set due
dates for submussions 10 the asbesios
docket [ar the issuss reised therun,

ADORESILS: Writlen cOT NARLS thould
be submutted to the Docket Office.
Docket No. H-033C Roam S=4212 U S,
Depertment of Laboe, Thitd Sirvet and
Caastitutian Aveaus. N.W. Washington
D.C. 20 -

FOR FURTIER WPOAMATION CONTACT:
James F. Foster. Direcior. Office of
Informauan and Consumer Allairy,
OSHA. U.S. Department of Labar. Room
Ne2837. 200 Constitution Avenue. NW,
Washingion, DC 20210. Telephone (202)
5338131,

SUPSMLEMENTARY INFORMATION
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VL Summary sad Explzrauon ¢f the ETS
DX Public Paruorpe u.  \itherity and
$:gratare, and Pent 1810 (A mended)
L iatroducties
This is an emargency temporary
standard (TTS) iasusa pursuantty
sactien 6(c) of the Oecxasuonal Sefety
sad Heaith Act of 1976 {the Act) (M
Stat 150% 23 US.C. 433}, the - )
Canstruction Salety Act (Pub. L 134
40 US.C. 333). the Longshoremens and -
Harbsr Workers Compansauon Act (33
11.5.C. 941}, the Secretary of Ladar's
Qtdaer No. 8-43 (48 FK 38730).3nd 29
CFR Part 1911, This ¢ . __gency standard
consists of revisions to the sxisting
siandard cavering occupationsl
exposute (e asbestos. 28 CFR 1110.1001.
{n order te pratsct employees rom &
ds frem contiaued exposure
to athestas st cusreM exposure levels.

OSHA has determined that woticars
expoted 10 asbestos under sxpesute
csaditions exsting endee the current
saadard face o grave danger of
developing incurabie cancer and
ashentesis Fusther. QSHA has found
4t an immediate reducuon in sxpesure
lavels 10 0.5 {/cc or belew is necessary
ta protect such cmployess frem thie
grave danger. Therefore OSIIA is
issuing this ETS to compel reduced
expasuces 10 respead 1o Lus emergency
situation.

OSHA's detarmina.Jn that a grave
danger crrenuy exits is preducatod
upen quantilative nak estimates ta this

-record which point te & isrye number of
excess daatis {rom cancer (snd

asbestosis] amang currently oy
workers which ere mnw:ou 9(:‘“
zoariaued exposures under present
wocking conditions. OSHA esumatad
the number of cancer deains a1 0ideg
through lowering of the exposure 19 05 *
{/cc. based on ¢ menths, .yasr. year.
and 45-year panods of exposures gt
current leveis.® The predicied c2ncer
desths avoided thet resuit rom thage
periods of exposuse are respecuvely 210,
428, 3723 and 7918 A more datailed
discussion of these saumares is found 1n
the sections. Quantitative Risk Analvss
{Section V). Crave Danger (Secuon ill
Al and Need for aa ETS (Secuion (I 8.
Risks of this magnitude at permutted and
actusl exposure leveis defined a
sifustion which demanded unmediate
regulatory actoa. Lvaluation of the
relevant seiendfic data. policy
cansiderations and exposure patterns of
woekers bas cosvinced OSHA that
conunued exposure at the current PEL
sad under actusl werkplace condions
constitutes s “grave danger” o
employres. and that ua £TS is needed to
pretact tham.,
The ETS requites that emplsyees may

not Se exposed o concantrations of
asbestos exceeding 0.8 {/ce on an ¢-hour

Ume-weighed aversge batis. and
permits the employe? to choese among
engingering controis. werk praciices and

respiraiors to reduce exposures (o the
new PEL. Hewgver, the requirement in
{ 1610.1001(¢} 10 sulize featible
enginesring coatrels aad work practices
to reduce exposure levels 10 2 f/es
remaing in eflect yader th:s temporary
standard. The ETS alse requires
employers 1o institule & wainung program
withun thirty days of the eflective date
of this emergency standard. The trawung
progam wiil include nstruction on
resparatoe itung and use. Randung of
ssbastos. medica! infermauca. the
reistionship between smoking and lyng
cancsr. and & review of the asbestos
standard. The ETS spplies 1o ¢il
industries covered by the Aot inciuding
“general industry”, comsirsction and
mantime industnes

A
S < ORIA @ swers. of 0w tat Secuon dici of
e Agt lurite e effocuve mme e an ETS 1o 6
Nonias sag O8114 ansiudes the ¢ grave danger
a8 0nd o+ ITS w secomtry tvon | QSHA
{osuers extivmvely o Uiy s Bedth erisg.
However, the AQIncy BFEvee n » S33NINSIC IS
iuisme benelis tram on LTS waing
litenme rehs lrom 30 ond 43 years of Tupdeury 10
e ITL of 85 (/o ewabl shed by e LTS Alinecgs
the T8 ¢spres wirtee ¢ menits Swcuse UC)
OUmIFTS Met Rairashmg o ¢ prrmanesi swndard
U B enmpiciod encin § ReRiAL 38 4L here
weil B0 08 e B PIUSETEES for ecpoerd IMPINYEre
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Asprovided m 23 CFR 193322 1he 24
States with ther own OS!HA.apoenved
occupational safety and heslth plang are
expected 10 sdopt & camparsble

standard within 30 days of this o

publication date. These States are:
Alasks. Anzens. C8i\fornis, Conneeticut
(Toe State snd iscai Jovernmant *
smpioyess ealyl. Mawali. [ndisas. lows.
Kentucky. Marylang. Mich:;sn.
Mianesots. Neveds, New Mexico, North
Caroling. Oregon. Puarte Rice. Sauth
Carolina. Tenniessee, Utah, Vermont,
mum. Virgtn Islands. Washington.
Wysmung.

Alsa. in retpanse 0 the emergency
conditions feced by sxposed warkers.
QOSI4A is stepping up its enflorcament
activities in ryeting workplaces where
ssbestos is

The temporary provisions that are
being added to the existing asbestos
standard prescndes the major |
companents of 8n occupational salety

and bealth standard. In geseral. mestof

the current requiremants remsin
wnaflected by the emergoncy temporsry
standerd However. complisnce with
. same requurements will be triggered by
the new exposure Hiamit of 0.3 f/ce ...
nstead of the former PEL of 2 {/ce. For
" example. requirements such as change
* soorms remam unelTected by the ETS
/. and the tngger lavel or cRange reecs
* remaing (e former PEL of 2 {/ce
. (§1910.001(d)4)). Howuver. the ETS
requires that where concentrations may
excaed the new PEL. the smployer must
past signs indicating such locatons
(§ 1810.1001(k(6)).

OSHA based its decisions concerning
sppropriste provisiens foe the ETS en i1
determimations of the kind and degree of
protective actios needsd to protect
ageinst 8 ..ve danger and the
feasibility of insututing these provisions
dunng the penod of the ETS.

Under 1ectien §(5] of the Act OSHA
will shartly schadule aa nformal
rulemuking hearing on the proposed
permanent changes 1o the standard.
OSHA wiil siso proposs sthet revisions
ta the ssbestos standurd that will be
explained :a the separats notics of
ptoposed rele Application of
cerun peavisions of the asbestes
standard {3 the consiructien industry
wil! be raised ot that tme. OSHA
anticipstes Mat tig setice wiil be
published sherdy. OSHA s now
sccepting weitien someents 86 theee
{sssas reisad in the £T8 which are
relevant to mviseng the permanext rule.
The Secretary mngt prosuigate &
seetion 8(h] stendard aa Later than sx

manths after pelilication of the
. emergency standand.

It Legal Autherity and Backerogay
A. Lewmil Authorrty

Section (¢} of the Azt provides for
immediataely efTective emergency
temporsry standards in cartain
cireumstances. The Secretary hee the
authority to ssue such 8 siundard.
without rulemaking. "I he determunes
(A} that empioyees sre exposed ie grave
danger {rom exposure (o substances o¢
agents delermined to be toxic of
physicslly Rarmful or from new hazards,
end (B) Yat such smergency siandard is
2aCes34ry (0 protect empioyees from

- such danger.” 29 U.S C. 438{e}{1} Thus.

the danger must be “fram” worker
exposure gad it must be “grave.” not
marely significant and the reguisting
mest be “aecessary” o eddress “such
danger.” not merely ressonably
DeCesSary or apprepeiate 8 provide sale
empioyment. In addition. es in sectien

— &{b] perrmanent standards. OSHA may

Impese requirements in the ems
stasdard ondy to the extent that zcy are
“fessible" within the masning of secion
6(bXNS} ol the Act .

The Filth Cirevithas emphasized the
{mportance of the saverity of health
effects in OSIA's consideration of
whather aa ETS i snpropriats.

S* % ¢ the denger of incurable. permanent,
oe {atal consequences 1o werkers, &s eppesed
8 eamly suraile and Nesting effects on haw
heaith. beesmes imporunt i the
seascerstion of the neceruty for emergency
WELSUITS (@ Mett & gruve dasger.” /ende
Bosch Growers Amecistion Ine. v. Usied
States Dopariment of Lobar. 49 F 24 1
(CAS) C e

OSHA aiss has interpratad relevaat
fudicial dec:sions ts require that ita
evaluatuon of the gravity of the danger
and the aeceasity [or emergency sction
must be mada in ¢ cantext of sctual
werkplace conditions.

& Daciground ' .

1. Events Laoding te the £TS. In lune.
1963, OSHA reesived & petiuoa foc en
ETS from the Internationsl Assaciation
of Méchmists and Aeraspace Workers
(Exs. 84=244). Subsegquently letters
SUPpOrIAR thus petition were recotved

from 16 ether ynions (Ex. 84=283 te e

284, 04=347 tg 84+381]. The petition
requestsd an ETS te reduce the PEL te
0.1 {/¢2. 10 modily reme sxistng wark
praclice requirements. sad to requre
other protecuve previsions regardless of
expesure level. The maia reasont set
forth {a the petition snd supparung
letters erg that continued expasure
under curvent workplacs canditieas
constitutes 8 grave danger and that
deluying remedinl sctioa uatl &
perauinent standant 1t promuigated
wauld cost {arge numbers of currentlys

exposad workers their lives. OSIIA
shacas the ponuine concer expresseg
by the petitien and letters from uriong
representing thoussnds of emplcy) ens
who are directly Liced with the thegar of
ssbestos-reisted disease (rom conunyed
ex3osure. And OSHA concludes thet
{uilure te issue this ETS may cost o
sumber of exposed workers their lives.
In Awgust 1963, OSHA compinted 3

comprehensive nek assessment bused
on sumerous humur studies which
estimated the number of excess deaths
{rom the three mujor asdestos-reinted
cancers. 4., lung cancer. mesothelivma
and gastrointestingl cancer. st the
currant permussible exposure level of 2
{/ce and ot various reduced exposure
levels. OSHA pisced this decument,
“Quantitstive Risk Assessment or
Asbestos-Ralsted Cancars”. in the
Asbestos docket in August 193 (Fx, 3=
9. OSHA subrsequently revised this
document (Ses Ex. $4=382).

L History of the Asbestos Siondo:d.
OSHA has regulated ssbestos since
1971, A 12 f/cc limit lo2 asbestos was
Ineluded in the initisl promuligation of
QSHA stundards pursuant 1o section
§(s) of the Act, on May 29, 1971 (I8 FR
104G8). {n respaase 10 ¢ petitian by the
Industsiel Union Deparunent of the
AFLCIO. OSHA issued an ETS on
asbestos en December 7, 1973, which
established 8 PEL of § [/cc 0 & tine-
weightcd average besis and pesk
expusures af 10 f/ee. .

The current standard, promulgated ia

. June 1972, first estublished an &hour

time-weighted average PEL of $ {/ce and
o cailing limit of 10 {/cc. The Limits we=e
inter.ded pnmarily to protect smplcvess
sgaiast asbestosis. and it was hoped
that they would provide some incideatsl
degree of protect:on sgainst cancer.
Effective july 1976 the TWA It voas
teduced by the standurd 10 2 [/ee. Ths
limit has remained 1n affect since that
time. The standard also inciudes
previsions covering metheds of
complisnes. morutenieg, medical
surverlarce and househeeping.

Court review o this standard upheld
all major pravisiuns. but remanded twa
issues for QSIIA's reconsideratien. /L0
v. Madgscn. <09 F. 2d 467 [CADC 1974
These issues were whether the July 18°3
date for the 3 {/ce stundard shouid be
sceelerated for some industries and 1r2
adequacy of the 3 year retention periol
for expasure menitoring records.
Subsequently. OSHA increased this
retention perind to 20 years {41 FR
11304} and the accelcruuon ssue
becume mout.

Altar reviewing the then nvalahie
seientific data. 18 October 1878 OSIIN
published a nouce of pruposed
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rulemuiing ta revise the asbestos
stxndard beeause OSHA belioved (hat
“pyufficsent medical and seientific
evidence hed becn sccumulated to
warrant the designution of asbesios s 8
human carcinogen” sad that sdvances
in monutoring snd proigtive technviogy
made recxamination slthe stundund
~desirable.” This proposal wauid have
reduced the Ume-weighted sverage t0
0.5 /cc and imposed ¢ cusling Lmitof §
f/¢q for 18 minutes (40 FX ¢7682).

The basis lor the 1978 proposal's
reduced permissible lavel of 08 [/cc was
OSH{A"s then eurrent policy foe
carcinogens that 1o sufe threshold level
was demornstrable and. therefore. the
Act required OSHA 10 set the PEL as
low as technologically snd economically
feasible. This policy was rejected by the
Supreme Court (n the benzene decision
(JUD va. AP/, 448 U.S. 801 (1800)). OSHA
{imited the proposed revisions a the
1973 notice 1o all indusiries except
construction. No hewring was scheduled
on the 1973 propossl. sithough
OSHA snnounced its intentioe 9
develop ¢ separste propased revision
spplicable te the constryction industy.
2: such propessi has been published te

te.

OSHA is basing ils present decision o
lssua an ETS. and ta propose revisions
to the permanent standard Tovermng il
empioyens. eu information and analyses
which pesidste the 1973 propesal.
Therefore. this ETS marks a aew
reguiatory tmitiative. related te. but not
part of ths 1873 pruceeding. On May 24,
1983. OSHA consulted the Consiruction
Advisory Commuttes for Occupational
Safety snd Health (CACOSK)
concerming 8pplicsBilty of & new
esbestos siandard for the construcuon
{adustry. CA{ OSH endorsed OSHA's
remmn that changes 1n the MEL made

or genersl indusiry shouid also apply to
the consiruction indusiry. OSHA is sise
including the comments and dets
recaived 1a res 10 the 1878 aguice
in the record of this proceeding. with the
understanding that some commnenrers
=8y have changed tharr pasivens based
on intemening scieatfic developments
and palicy shuits.

In the decision to 1ssue ¢a CTS. the
Agency hes reviewed thw regulatony
hustory of usbes:as. Hewever, the
Agency bases the decision 1o usue 08
ETS on the actusi emerpency tonditions
which now confreat §xpesed workers.
on epidersluge studies that provide
data 10 mahe numerical estimates of
risks asd on inerprutations al these
studies quantitative risk snuiynis.

3. The Ruicmatking w lleviss the
Pormurunt Staufard The G(b}
rulemabing initited by this pennosal s
{ittended 1o be limicd to the revisions

made by the ETS and the additional
propased smendments ryised 1a the
nouce of propesed rulemyling 10 be

pt Ulished sooa. The maror subicets of
the ¢(b) rulemukung will be: reducing the
permissibie exposure haut revising the
defirutiuns of asbestos and ssbastes
fibers. reassessing the methads of
compliancs to schieve such himits,
reviging the provisions regarding
respireior selection, revising the
sampiing end analytical method to
unprove relisbility, and adding e
wairung requrement. OSHA will else
mse issues regarding the applicstion of
the permanent standard ts the
constructios mdustry. As previously
stated. CSHA will soon publish »
separate nouce of provosed ruiemaking
ta further explaia these issues.

115, OSHA's Ratienale far the ETS

T OSHA has determined that prevailing

““conduitions nvolving worker eaposure o
sirthome asbestos dust jusufy the
promulgaton elane
temporary standard. OSHA estimetes
that spproximately 373.000 workers sre
expoted 10 23bestos &t various levels
(Tabie 1). ranging from a high vaiue of

" 20 {/ce 1o below 08 /12 © hae

estimated that under curTent expasure
cunditivns ssbestos-exposed workers
face a2 extraordinarily high risk of -
conracuag ashestoselsied cancer
whather the nsk is campyiad evere °
weocking Lifetine of exposure or for
exposure penods as thor as & monihs.
The aversge excess cancer nsks for ol
workers exposed abeve 0.8 {/cc using -
svailable exposuce dats snd relyicg on
the mek sssessment ars gstimated 88
spproximately 198 excess cancer dasths
per 1000 workers {or <3 vears of
exposure. 139 deaths  er 3000 workers
for 30 years. 10 per 3000 warken fof 1
yese, and § per 1000 workers {or 6
months of exposucd.

OSHA balieves that nsks of these
magrutudes. laking inte scceunt all
relevant conniderstions auch as total
numbers ! werkars st nsk and quality
of supporting data. constitute a8
emergency situation which requires

“immedigte response by the ageney.

Tae Act states that when certain
statutery cntena ore meL OSI{A is
suthgrized 10 revpond te an emergency
situation by ssuing sn ETS. The twe-
pronged stututory test {ur on ETS is that
(1]} emplovees must he eapnsed 1o 8
grave danger {rom exposnre (8
subistunces or agenis determined to be
toxsc or paysicisily harmiul. ang that {3}
sn amerneney sandard is neecasary te
pratect cmployees rem such duneers.

Alter evaluating sil the evidenes
availalie 10 the uyency cuncerming the
savemty snd magtitude of the nsk of

ssbestes-related dicense 1o the current
asbestos-e1posed worv.ag pepulyiion.
campanng thesa naks 1o ather
o2cuputional risks. 88piyng relevunt
palicy consideraucns. and review ng 4i)
reigvant judicial deaisions for puidiner.
the '"nﬂ:“ determined that b
prongs of the starutory test are mat an
that an ETS shouid be pmd.md.‘ ‘
’ For purpeses of danty. the discussion
is dividad inte twe parts. “Grave
Dsnger” and “The Need for sn ETS.”
OSHA believes. howevw. that the
factars which indicate that ¢ substance
constitutes o grave danger are related to
snd overlup those which determine wist
82 ETS is necassary.

A Creve Danger

OSHA has delermined that tha nsk to
workers from exposures (o asbestos st
conditiens tiat exist (n e workplace
pese & grave danger of death from
cancer and of severe disabiiity from the
Lng disease. ssbestasis. In making o
“grave danger” determiration. the
seventy of the disaase produced by
exposure to the regulated substance and
the magnitude of the predicted risks of
disease must be coasidered. (a sddillen.
the Supreme Coun has suggested that &
determination of “grave danger”
indicates o situation where the risk is
neee thea “signtlicant™ (VD v. ASL

supre & 451
OSHA has applied that analytic

appreach endorsed by the $upreme
Caurt for “significant nsk”
determinations i eveiuating the gravity
of the danger {aced by asbestos-exposed
workers. The Supreme Court gave some

enersi guidance e to the process (o be
ollo 1t recognized that white the
Agency must supp-— s finding thst
certain level of risk exists with
substanual evigence it slso recognized
that its determunation that & particuiar
level of risk is “significant™ will be
based lug!y on gelicy cansiderativas
(UUD v. APl «A8 US. 158, 834 0. 82).

QSHA believes, therelore, that iis
determunations regarding the magmtude
of the risk faced by empleyees sheuid.
to the extent posnbla. rely on
quantitetive exprassions of thut nsk.

‘Yuhining the best avesladie data.

The Court stated that the sigmficant
nak deternunsuea required by the OSH
Act is “not s mathematical siraitjacher”
and “OSHA 13 not required o suppor
{ts finding that & sigmificant nek exintg
with snything sporoschmg scienufic
cerumnty. **°A reviewing court (5] to
give OSHA seme leewey where its
findings must be made on the frontiers
of scienufic knewiedge [and that} **°
the Ageacy is {ree to we conservutive
S2uMpuUaAns 1 interprenng the duta
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with resprct 10 CATCINOGONS. Asking
error on the mde of sverprotection
rither than underprotecuun” (448 US ot
433, 856}

In the case of ssbestos. the dauts
available sre of unuseal breadth and
Righ quality. Howevef because risk
ssssssment iisell invdlves many
wncersinties, OSHA Made certain
sssumptions 18 its analysis ead
evaluauen of these data. [ assessing
the risk {ar asbestas-expesed werkers,
OSHA Las attempted to use realigtic
sssumpuons. sithough the court stated
that the Agency was {res to usa
“conservative sssumptions” in
[nterpreting date. OSHA, ia many cases,
Bas wdicated where difTersat
assymptions may producs diJerent
results. n addition OSHA caytions that
because the nek ﬁ’um finally derived
are the products of 8 procass which, as
the Supreme Court scknowledged. is “on
the frontiers of science,” they should be
viewed a5 epprosimations of the degres
of risk faced by sshestos U]
workers and 8ot as precise lixed
peadictions of the aumber of workers
wha will actually daveiop disease.

. OSKA has evaluated the kinds of
dangers preseated by asbesios -
exposurs. the quantification of tiose
dangers under prasent asbestas
exposuma=conditions. the quality of the
4818 on which rizk estimates ars based.
o semparnison of asbes!as risks to sther
occupational sisks. and relevant policy
and legal considerations in conclading
thet woekers are exposcd 1o ¢ grave
danger from ssbestos.

1. Naoture of the Diseases. As stated
sbove. the nature of the disesse
ssseciated with ¢ utete ¢ taxie
substance (s -ne of ' most important
elements OSHA evaiustes in
determining whether a grave dangse
exists. This facior was discussed 18
Flovida Peach Growers Asseciction, lne

v Un;ited States Depariment of Laboe.
supro. The csurt. (n overruling OSHA's
orgsnophosphate pesiicide

slserved:

We reject any sugaesiion et deaths munt
serur befare Mo sith sad sainty ttasderds May
e sdpted. Novertwiess. (e docyer of

these diseases ere lung cancer. cancer of  lrvels which workery currently fuce.

_the mesothehal iming of the pleurs snd
peritoneum. and asbestonis. in eddition,
waorkers expased 10 asbesios are ot

Incressed nsk of gastrointesunal canesr,

a8 shown by epidemioiogic studies.
Although cal~rectal cancer may be
curable if detected in ax aeriy stage.
other gasuvintestingi cancers are
usvally {aral OSHA alsa belisves that
ssbestos might induce cancers at othar
sites, which sre aiso often fatal
Of these. lung cancer constitutes the
grestest health righ for Amertcan
asbestos werkers and has sccounted lor
more thas heif of excess marulity in
some cccupationsl coharts, About 508
of kung cencar patients die withun §
years of disgnesis. Mesothsiioms ie an
incurabls cancet wiuch is usually fatal
withua § year after disgnasis. it is
epidemiciopcally linked ta asbestos
exposure. aad securs very racely. if at
all. Ip persona never exposed to
ashestos. Asbestosis. a type of
pulmonary librosis. is usually non-
reversible. its sdvenced stages are
disatling. snd can be fetal. OSHA
conciudes that all these diseases are
vary serious. 8ad that the excess
mortality from suck severe dissazes
must.be connidered an impor:aat factor
for making & grave denger
O s of Rk of Deveioping
) ree ] veloping .
Dongerous Disecse. OSHA based its
caiculations of extent of risk faced by
workers andur current exposurs
canditions primanly on the results of 8
quantitative anslysis which dertved

Rumerical estimates of cancer nak ot *°

verious cumuistive exposures

" ‘correspanding to Jevels st which
workers sre expased Ix. 84:192).

Although 3 f/ce is the current PEL for

asbestos exposure. actual exposure
conditiens vary wideiy. mosily by
industry semment. As explained later in
tus document and as set forth in Tadie
1. aversges smbient exposurs levels in
vevious indusines include high evposure
levals such 03 20 !/cc in drywelt
remeval renevatien arnd demolition: §
{/ee in impburlding and repuir: mid-
renga expasurs levels such ae 2 f/cein

daty (abricaung of cement sheet.

ncurehiv. po ar ol " o0

10 workere. as cppesed (8 snsuly curahie and

Jloeung ofTects on thaw heodA becomos
ssnekivrelion of the

mgurignt m the
aecaseny for SOLUres 1 Mew &

W0 F ad ot 132
mrncn &t 132 (emphass

OSHA is awern of ae instancss n
which expossre 10 8 laxic substancs hae
more cleariy demanstrated detrimental
hesith effccts on humars than has
asbestos exposure. Tl disrases caused
by ssbestus erpusures «e m lurge part
Lifs-threatening oc disabimg. Ameng

paching and gaskets and paper products
and rebutiding and refacing brakes: 13
{/es for dry precassing of textiles: and
lower expesure lavels such 85 0.8 {/ce
n‘?‘ 0.3 {/ec i the manulucture of flooe
tile.

the aciusl danger faced by workers n
assesning whether exposure 10 8
substance presents a “grave danger”,
OSHA looked at the risk of deveioping
. digesse not oaly et the 2 f/ce
perzsnidie level but at il exposure

Because OSH4A i required to connider

Most of the resuits of (these eateuistions
{ot cancer are presented n Table 11 :n
the nsk sasesament secuan of this
document. .

The table sets farth predicted exces

lifetime cancar risks lor exposures of
one year. 20 yesars aad 45 years. Risks
for expotures of 8 months sre closel
approximated by ene-half the nsks for
exposures of ene year. Although averag:
exposures ia demolilion and renavation
are estimated ot 20 {/ce, the tabie
rmcau tisks anly for selected exposure
evels up te 10 f/ec.

These caleulstions show that the nshs
of ssbestes-reisted disesse are
slarmingly high st current accupational
exposure Ls. Foc example. an
estimated towal cancer nsk of 283 excess
deaths per 1000 workers exists for
werkers exposed for a ¢S-year lifetime
8110 {/ce a level which currently exists
o8 sem2 consiruction sites. At § {/cc the
sxposurs levels which are coasidered
sverage in shipbuilding snd reparr, the
risk of developing ssbestos-related
cancer (or & ¢3-year expesure penod is
148 exces deaths per 1000 workers. At
the current permissible level of 2 {/c2
wizich slse represents aetsal exposurs
levels 1n such industries o3 sscondary
fabricating of cement shaet, packing

..-geskats and paper products and

nbulwx end relucing brakes. risk {s
astimated as 64 excess cancer desths

 per 1000 werkers for 8 ¢S-year exposure

period. -

~ Thase'risks remain very high when
the period of expesure for which

calculations are done s shortened te 20
years, which OSHA beliaves is enother
appropriate peint for examination. The
period of 30 yesss 1 the approximate
midpoint between 1 year snd 48 years cf
exposure: alse many workers receive 20
years of exposure. Counterpart nsk
calculastions usiag ¢ 20-year exposure
penad are: for werkars ¢ d 1910 {/
¢ 140 excess canese desihrs per 1000
workers: {or exposures to § {/ce. 108
excoss cancar deaths pes 1000 workers
end for exposures 10 2 f/ce. 44 excass
cancer deaths per 1000 workers.

QSHA sise astimated nsks of
developing cancer for a one yesr period
of exposure 8t varieus levels lo whizh
employees are expesed. The counterpan
risks for exposures to 10 [/ce for one
yoar are: 18 excess cancer desths per
1000 werkars: 10 § {/ce. 7 excess cancer
deaths per 3003 workers and to 2 {/cz. 3
excass cancar desths per 1000 workers

Even ot current workpiace exposure
levels which sre less than the current
PFL. extruordinanly high nsas of
disense exist. At0S f/ce. 17 excess
cancor deuths per 1000 workers are
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predicted {or s 4S-year lifeune
exposure. and 11 excesa caacer destas
per 1000 warkary for 8 30-year exposure

n
OSHA aates that the sbove
caleulouons are for a‘t}r nsk only. In

sddition ssbestosexpeded werhary face -

8 high rak of developuang asbestutis. 8
d.sabling and often fatal diseans.
Predicuoas concaming he sshiauated
magrutuds of e asbesiosus nak have
beea performed by OSHA aad are
discussed 0 the Nk asseIsment seclion
of this docuneat Accordingly, OSHA
esumates thut a1 3 {/cc 50 workers per
1000 exposed 10 asbestos for 4§ yesss
will develop disabling asbestosis. Al 0.3
f/cs for 43 vears. it 1s estimated thet 12
workers per 1600 wdl develop disabling
ssbestens. Asbestesis risks can also be
esumsied lomexposures for durstions
sharter thun ¢3 years. For example. the
risk of dissbling asbestass from
exposure 10 1.0 {/ec for 22.9 years is 12
cases per 1000 workers. QSliA's
esumates of te magtude of the
asbestosis risk are based on sound data
from good epidemiological studiss.
QSHA delisves. hewsver, that the
confidencs which can be placed in .-
predictions of astestosia cisk is not ss
grestas [or the predictions of cancer
righ This (g because the casicer risk
oitimaus are based on s largerand -
mere varied data bese and are derived
from dosa-extrapelstien models that are
batter establiskad. Bacause OSHA hao
determined that the risks for cancer
slone indicate 8 grave danger. the
sdditional risks of developing asbestosis
are At neceesary W fusidy tis ETS.
Howeves. OSHA has considerad that
the additional and independent 15k of
developing asbesicsis ircreases the
dunge: faced by exposed workasrs and
undesscores the gravity of tie hesith
threats (o emp.ayees posad by asbeston.

3. Quality of Dats on Which Risk
Estunaces are Bosed. The undas
data spen which the quantitstive ri
aseessmeris [oc ssbastos are based are
high guslity epdemiolegie studies.
coaducted in occopats
envireaments. OSHA emphasizes that
the date bases (ot asbestes ave of
unusuddqumy and n:a. [ 1)
potcrnual occupat carcinegens,
23bestos hus been studisd ollan and
thosoughly fee evalustion of 112 efwcts
on occupatienal populatisas.

I deriving thave quastitaiive
sstimates lor aance? nak, OSHA wiilized
eleven studves for (he calculution of the
lung cancar sk, lour of which were alse
uset! 10 Calcuiate e mesathrhoms nisk,
tnvesngations invaived “cobait™ studies
where 1he frequencies of various types
of eancers 11 warhary exposed 10

o

tahestos were compured (o these in
“eantral” groups Not expened (o
aslesios ar to those of gonerat
populauons such s US. nales. Siudies
of such design are abis te provide direct
estimgtes of excess nsk.

The studies ased by OSHA in deriving
dose-response relutionshups for us nsk
tesesament covered & vanety of work
situations and indusinal procasses. This
variety improves the predictive value of
the risk assessment because it fessens
or aliminates the posuibility that the
results were unique o say one
scaypaticnal situation er were in fact
sberrational. The occupstianal satlings
studied wers: workers exposed ol &
chrysotile textile plaat from 1830-1973
Memant » o/ Exs. 84-038 and $4=037}%
Canadian workers st an asbestes
camant facility (Finkelsteia Ex, 86-240):
{talian chrysotile miners and millers
whe worked during 1930-1968 (Rubine
ot ol Ex. $4-48% workers in an ssbestos .
cemant pipe plant (\eill of o/. Ex. 4=
208) workers (n an asbestes production
plant and ssbestos cement pipe factory
(Headerson and Eatering Ex. $4=40):
Britigh weorkers mazufuciuring asbestos
texule products (Pete Ex. 84=-1001
asbestus miners snd millers in Quebee,
Cunadg (Liddell et @) Ex. $4=38) and in
the Thetford Mines. Canads (Nichoise
¢/ ol Ex $4=72) 00d wotkens '
manulseturing asbestes friction ~
matensls (Berry and Newhouss Ex. 0=

a1}

“Wall-conducted eprdemiclogic
studies tsst shaw ¢ positive sssociation’
Letween an agent and o disesse are
sccapted s the mast canvineing
evidence about human risk” {Risk
Assessment ia the Feders] Covernmant
Managing the Procses, National
!li‘lltth Council, 1543, p. 21, Ex. M4
w2).

Ne umpelauon'!-m animal data to
human data is aecensary in ordar to
shaw careinogenicity of asbestos. For
nost substances. OSHA must infer
hemas health effec:s. such s
csruinogemicity, [rex saimal dats.

The rasults of this nisk sssessment
performed by Q5HA agres weil with
other recest risk ssssssments performed
by other govemmental and sutside
sernntsts {sve Acheson and Curdnes)
[Bx. 04=21G and 83=2131: EPA (Ex. 4=
180k Kang and Chy (Ex. $4=001 ) Seliboll
ot ol (84=00C3); snd CHAP {Ex, 64-234).

4. Comparanve Anclysis. lnaight inve
the magnitude of the sk sssecisted
with asbesice expesure can be geined
by review ing other occupatianal Nsks.
DSHA behuves it 12 instructive @
ennipace asbestos naks with ather
workplace hezards sgreed os a9
prescatng an unusuaily high degres of

O et T D

hazard. where the data sre cons:dered
both evadable sad relisiie.
Tha sk of excess martality sstimatey

as o resuit of exposure 10 ssbesins «f the
coaditions i the work plsce today
Sppeary (0 be subsiantially higher thane
owher nsks expenenced by wockers from
ocsupational infury hazards. The '
Nations! Sefety Counsil (NSC) has
reperied the annuai death retes in 1041
{rom werk sccidents 1n ¢ vanety of
industnes {Ex. 84=339). Using the NSC
dsts QSHA has reviewed the snnugl
nortality from work sce:dents per 1000
workars in severs! (ndustries in light of
tha excess cancar mortality from a

single year of exposure 10 ssbestos par
1000 workers. For exampie. in the high
risk eccupations of agncuiture snd
mining-quarrying. the sanusl mortality
rates irom werk sceidenis were 0 54 and
.55 per 1000 workers respect:vely in
1981 (Ex. §4-339). 12 contrast. the death
rate from work secidents for sil

- industrias combined was 6.12 per 1000

wockers a 1981,

QSHA bas sstimated that the lifetime
risk for one year of exposure 19 2 (. c2 of
2sbestes is sbout 3 excess cancsr deaths
per 1000 exposed werkers during the
rematndar of the workers' lifetimes (Ex.
349} Thus, ssbestos warkers' risk of

* axcess cancsr tartality [fom a single

year of exposure 10 2 {/cs is roughly §
times higher than the risk of accidental
octupational fatulities from one year of
smpioyment in agriculture end mining-
quarrying. - -

-As shown in Table 1. OSHA esurzates

« - (bat many werkers are txposed to

ashestos ia the viowmity sf 2 {/ca [
sdditien. QSHA caleulated the average
exce88 cancer risk 10 workers exposed
at conditions that axist in the workplace
teday {for those above 05 ., ce snd using
the scenario Z23cnbed 1n Table 3).
OSHA estimaies that 10 axcess cancar
deaths will occur per 1000 workers (o t
year exposurs: thus the average nsk (o
workers (exposed sbeve 08 {/ce) in the
warkplace today 1s approximately 20
Umes the snnual {ste] scaident rates 1n
sgricuiture and mimag-quarmng.

Thase compansoas sre stnking They
show that the esumated risk of dying of
cancar (rora ssbesios expesure al levels
cxsting ot the workplact today far
exceeds the accidentel desth rete 1n the
riskiest of indusines. Although the
estimated mortslity rates for cancer due
10 ssbesios expasure are not sompleich
comparsbie to the total sctudl
aceidental fatalities, he review is
clearty useful ia shewing that the
magnituds of the ssbestes nek 1s grave

Oas example of peadicted cancer risk
st & resuit of occupationct exposure 1§
the following cancar nsk ssumuted (rom
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ocSupelionei expasure @ niung
redistion. The esumeted excass cancer
fatality rete [rom 47 yevors of exposuse 10
the mexumum permussidie sccupytionai
exposure lo ioninng radistion (§ rems)
is 17 to 23 per 1000 workers {Commutiee
on the Biulogrcal EMpets of lomizing
Radistion (BEIR) lif predicuons. see 8
FR 1902} Howaever, most radiation
standsrds (unikhe QSHA standards)
require (hat exposure limits be reduced
to the lowest [evei reasonably
achievabie beiow the exposure Jimit (the
ALARA pnoeipig). Approximately 93
pereaat of rachanion workers have
wxposures less than one-tenth the
maxiown permitted limit. The excess
cancer desths at one-lenth the permitied
level are 1.7 to 2.9 per 1000 wackers
expased 47 years. Asbastes sxpaosures
of ¢S years (0 2 {/ce are predicted by
OSHA to result in 64 excass cancer
desths per 1000 workers beginning work
at age 28 (Ex. 84=392). OSHA'
caleulation fce the sverspe excess
cancer risk (o worker exgosed st
conditions thet exust in the warkplags
today (for those abave 0.3 [/cc) for 8 48
year exposure. is 194 excess cancer
deaths par 1000 workers. This figuss was
caicuisted by taking the number of
cancer desths estimated from gxpesure

", -lo exssting conditions {oc 48 years for .

, those warkery exposed 1o greeter than

* 208 l/cc of asbestes end dividing by the
aumber of workers expasad te ssbestas
greater than 0.8 {/cc (multplied by
1000}

Therelore. the excess cancer risk a2
{/ec {or ssbestos workers is esthimated
83 more than twice as high as the
maximum permittad rediation cancer
risk snd sbout 23 ‘imes higher than the
estimated cancer risk of #3 percent of
the workers exposed to radiation. At
existing cor-litions. asbestos workers’
excass cancar risks are estumated to be
§3 times highge than the caneer rigk
faced by 88 percent of the warkers
expoted 10 radiation. The nak of
asbestons {uethar incresses the
significance of the risk {rom ssbesios
exposure.

A0 f/ee. OSHA estimates that 17
excess cancar denths will oceur in 1000
warkers expased 43 yeurs. This risk is
appraximately 7 times higher then the
cancer sk faced by 95 percant of the
warkers expased 10 redigtion. OSIIA
finds that these comparntive rishs

strongly suppert OSIIA's finding that
warkers expesed 18 aie concenirations
above 0.3 {/cg sre fur abexe the paint of
ngnificunt nsk and are at grave danger
of dying [rum cancer.

§. Cuncluxion. OBLIA's fiading of
“grave danger” is bused on evidentiary
and policy conmderations. QSIA'S

desermingtion that the magnitude of the
estinaied nsk (o exposed workery g
slarmuingly Bigh cansutuies the major
compenent of the “srave danger”
linding The overail extraordinary
deqree of nak. the extent that very high
fsk i (oupd wt many esbesios unng
wndusines, and the unusualily high

uality of the dats utilized to muke

e3¢ assessments present & very strong
endeanary baais for ¢ “gravedinger”
fiading. just #w imporuantiy. the umique
travity of ssbestoscsuscd distases. ia
partcular cancer. such as mesothelioms
which is linked almost exclusively o
asbesios exposure. sirongly suppors
OSHA's finding of grave dsnger. Alse
OSHA's companson of the nsk of
asbestas-reiated disesse to other
iadustrial risks underscares the
extrsordinanily high risk estimated foe
ssbestos exposure. OSHA has slse
noted the concerns of workers sbout
current workplace conditions and the
numerous petiions {oe an ETS from
uniens representing many exposed
workers. Finally OSI4A has relied on its
experience in evalualing and regulsting
warkplece bszards in recognizing the
extraordinary degres of risk curreatly
faced by esbestos workers and in
datermiming that such nsk corstitutes s
grave danger to thase workers. .

& Need [or on TS "

OSHA has determined that this ETS
agcessary (@ protect emplovees from
grave danger. the second prong of the

— Act's test of OSHA's exercise of its ETS

suthonty (Section &{c} of ths Actf As
explained in detail, the efTect of this ETS
15 ta save many lives which would
otherwise be lost 10 sabestos-relsted
disesse f current warking conditions
were nat changed. OSI4A believes that
employecs can Le sdequately prowected
against this grave d.. ger only by issuing
aa ETS. This {s sccause no other Agensy
action snd ne other forasesadle event
would result in sufficiently reduced
ashestos exposures that would slisviate
the grave danger. Furtner. the previsions
4l -the ETS are tzilaced 10 ellect the
necessary expasure reductions
expediticusly.

1. Lives Seved by lssuing an ETS. -
OSiLA has estimsted the number of
deaths sveided as & resuit of an ETS
which would reduce the PEL 1o 0.5 {/ce

see Jables 2 andd 3). For cancer only.
sed on cantinuing $xposures under
currently existing conditions for ¢
months the potential rumber of lives
taved is esumated as spproximately
210. Based un continuing cxposyres at
cerrently cvisting cunditions for 1 year,
the patential aumboer of lives saved 8
estimated at spproumately 436, Alse.

© OSHA has estimated that the

«' ETS will result in 8 reduced lifetime
" derived from these exposure reductiens

- this emergeney standard.

pramulgaton of sa ETS setting v 0.5 /e
PEL may evoid $738 cyncer dou‘ha
sssurmung 10 yturs exposure (0 ssuesius
of the current worklorce ot eurrent
canditions and 1818 cancer deu'ns
assuming ¢S years exposyre.
OSHA 18 aware. of course. thet

Section &(c) of the Aet limits the
efTective Ume of an ETS to ¢ months.
and OSHA concludes that a grave
danger exists end aa ETS is necestary
even of OSHA focuses exclusively oa
his ux month penod. Howerver, the
Aﬁmq believes it is appropnaste to
calouisia benefits denving frow on ETS
using ifetime naka from 29 gnd 45 yea:s
of exposure o the PEL of 0.5 f/c2
established by the ETS. Althougn the
ETS expires withia § moaths. Secton
&¢) mqures hst rulemaking on o
permangat stendard also be completed
within § months. se that thers will Me no
g3p in pestaction for exposed
smployees. [a OSHA's expenience and
judgment complying with this statutary
directive and complating rulemaking for
8 permanent standard within 6 montng
of an ETS has and can be done.

OSHA salso belisves. basad on its
expenience. hat (t s very likely that the
PEL established after &(b) rulemsking
wiil be no higher than 0.8 [/ce. the ETS
Usnt. Therefare. OSHA believes that the

werkes exposures of 3.8 {/cc o fower for
20 or 43 years. and thet s benefits

{or these Lime paneds are appropnately
stiributed to OSHA's promuigstion of

8. Empioyee Exposyres. To danive
these esumates of numbders of hves
saved. OSHA depended on it
knowledge of the following factors. (1)
The employee exposure levels from the
ambient ssbestes air corcentrations in
the werkplace: (2) the number of
werkers exposad 8t 'he vanous asbestos
leveis: (3) the durstion of the exposure:
snd (4] e proBability of the disease (or
the rish) sssociated with the cumulative
expasure. :

Employes expasure levels are
conventior.ally measured .a terma of the
number of asi>estos fibers that are $
microns or more 1n langth in one eul:e
centimeter of ait. {/ce. In these terms 4n
smbient concencration may seem lo Le s
small amount of 4sdesios. However.ir
physical terms. 20 {/cc equals 3.00¢.20
fibers per culine meter (f/m?). Hurmans :
inhale sboyt one culne meter of aur per i
hour, depending on drytee of physical i
activity. Thus. 8t this congentrihion. 3 !
wotkar weuld mhaie roughly 16 Q00

fibers, § mictons or more 1n lcadth. over
a8 ayght howr workddy.

)
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Nott.—Depending oa the mdustnel
precess €3 (@ T4 SU0.0U0 uddttumul Jsbirttos
Aburs Wss SR § MCTeng & eARIN May slse
e inkaled. assumiag that wi™: of ssrbume
s3hesias (ibars sre lase than § microas.

OSHA continues (o @e the term. {/ca
for cosvenience but Cautions that the
numencal estimates 80 awr
concentralions }ivcn in these terms are
oaly sot wey of viewing ssbestos
concenrstions and shouid not be
evalsated without intarpreting the
mesaing of the units.

OSHA ssad existing information to
estimate worke? 83bestos exposure 10
sach allected industry. Dats sources
ncluded govemment eontracior reparts
(Ex. $4=002 and Ex. 84=008). various
studies reported In the litersture. NIOSH
Heslts Hazard Evaluations, and OShiA
compliance dats (Ex. §4=353). OSHA
reviewed the information, and dec ded
to use the 1980 Research Triang'e
[nsutute (RTT) report (Ex. 84-000) 83 the

nmary besis (or exposure estimates

esuse the RT] estimates sppear 10
CSHA (o be the most comprehensive. In
sdditron. RTT used & large aumber of
&ifTerent data sources (o make their
sxposure estimalas. including  ~

.+ Intesviews. existing documentation. and
.%o, industnel hygrene surveys of worksites.
« % Usidg the RTI report as the pnmary
+ reference. OSHA compered RTI dats
with sther expasure information
avauable for euch industry. For

exampte. specific reperts were fouad for
ssbestos cement manufectunng {Ex. 4
248}, taxtile manulactunng (£x. $4=2971
removal of sprayed asbestos matensi
from buildings (Ex. 84=282}. 8nd Brake
repair (Ens =283, $4-298). The
Asdestas Information Association
provided date concarning exposures
during field fabrication and instellation
of asbestos cement pipe end shest i
controlled conditigng (Ex. 84-208). The
Eavironmental Sciences Laboratory Ex.
40021 alse made best estimates of
worker expusure in various industnes
{or 1973,

In addition. OSHA ysed its ows fleld

- inspecuon expenence o estimate

.xpotures. OSHA reviewsd selectad
case files and obtained infermation that
listed OSH{A asbesios measurements
during compliance tnspections {rom ¢/1/
79 10 §/31/83 (Exs. 84=334. 84=3588).
OSHA adiusted the RTT astimate as
appropnate. based upon & qualitative
fudgment as to which dats dest
represent sxisting exposure conditions.
QOSHA's expasure astimatos are based.
there/ore. upon & substantial dats base
aad vpon considerable expenence v
enforcing the exisung asbestos
stmdard. . .
OSHA used I\ emploves exposure

lave's 1n each industry to calcglate the -

sumber of deaths averded by reducing
the exposure {rom current lavels to the

.

emargency PEL Altermatuve etpesure

distnbutions ysed {or sengitiviy

;:.ll'"‘“ mlllbc provided i ihe
climingry Regulatory Impact Analyxy

OSHA believes that the upemn)
estimates are raietively good. grven’ihe
state of the art of workar exposure -
estimation tschniques and dats
svailable today. OSHA is not aware of
any other avasiable current exposure
estimales.

Industnal hygiene reponts of
operations in the same ndustry. but ot
dillerent wark sites. invansbiy report
difTerant asbestos exposures among i
warksrs. OSHA reviewed these repors
end made decisions regacding 1y pical
industry practices. For some operutioss.
such as brake relining. seversi repory
ware svailable with complete
descriptions of the working environment
and OSHA was sble to use these to
make direct expasure esumates. Other
reports. such 83 “Ramovs! ol Pre-lormed
AsLestos lasulauon” (Ex. 84-296),
described careflul processes for asbesiss
handling that did not appear
representative of the methods used
throughout industry. since the reported
817 CONCENLELiaNs were N0t CONSIsies’
with other reports showng highsr
exposures (Exs. $4=08. 842620

Tuble 1 shows QSHA's estimates of

. employee exposure 10 asbestos by

industry segment.
SRLid GO0C 4810 0i-it
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Daw from OSTIA'S Munagement
Information Sysicm IMIS) inddudes s list
of ol asdestos samples reported by
OSUA fivid stafl Jueing fune 1, 1979 10
May 31. 1983 (Ex. B4=388). Dunng this
penod. M8 eghi-hogr lime-weighted
aversg? (TWA] samples were collscted
i many dilferent inustries. Of the 849
samples. 731(77%) ware below 0.8 {/ce
188 (18.4%) fell between 1.3 [/uc end L0
/o= snd 62 [6.5%) were above 2 [/ce.
QSI{A slso reviewed the MIS summary
regort where the measurement data
were grouped within Standard (ndustrial
Code {SIC) elassifications (Ex. §4=334).
All thess data cantributad to the
development of OSHA's beat exposure
estimates.

In conclusion. OSHA has used its
exparience 1a enforeing the existing
ssbestos standard 1o determine the best
estimatas of worker exposure in the
indusines. On the whols. in comparison
ta siher tazi¢ substances present in the
workplacs. asbestos exposure
infarmatian is well reported. Given that
QSHA utcnmcc 1s considerable.
OSHA believes its astimutes are
ressonsbis and appropnate and provide
& ssusfactory bamis fo: judgments
regarding the extent of nsk existing in

© waorkplaces.

"+ OSHA acknowledges: however. that

the exposure infermsauon coscerming

" ssbesios remaval and rensvetien ia the

construction industry is less certain thas
the other estimates. Despite
uneertainitias in qualifying exposure in
the demolition/remoaval catcgory. OSHA
feais that this best esumate 1o bdsed
upan evidence that is both reasonable
and the best avsriable. Furthermore.
OSHA balieves that any changes made
10 the estimate as & result of the
sacertainities would notbe of &

suie. Yagrutude o warrant &

change 1n i!s basic findings.

L Coleulation of Lives Saved and
O:sease Avoided. The benelits provided
by this ETS cansist of cancer dssths and
disabling ssbastous svoided. The
ssumates of deaths svoided By lowering
07 the enpusure liaut By the emergency
temperury stundard ure based on the
marahity rstes dgeloped in (he risk
sssessment discussion. To generute the
expecied number of excess deaths
stinbytsbie 1o asbestos m the US.
workfurce, the expected rate of

A Y

Mmuartality 3t each expusure level weg
muitiplied By the populstiun exposad ot
that lesel. The expecied mortality ratg
frum each exposure fevel was derived
from OSHIA's quantitative nak sngiyats
(Bx. 84-322). The expectad rumber of
desths ot the reduced PEL was then

. subtracicd fom the expected aumber of

deaths o! the current worker exposure
leveis 1o determine the esumated
number of dewths avoided by reducing
the permissible exposure limut. The
benefits are expressed t terms of
ssumated deaths rather than disability
because the types of cancer associated
with ssbestos exposure have 8 very

_ poor survival rete. .

An example of such 8 cslculution
follows. To calculate the lung cancer
desths averded dunng one year of
exposure 10 8 worker populsiion in the
constryction indusry who are engaged
in the installation of esbesios cement
sheet: .
Population= 1763 (Table 1)

Estimated Current Exposure Lavelm 20

{/ee (Tabie 1)

Estimated lung cancer risk for one year

812 {/cem144/100.000 (Tabie 11}

1. Calculate expected deaths for
instatiers of A/C sheet huving one year
of exposure &t 2 {/ce exposure ievel: -
Popuistion x nskwexpected deaths
{1788) (144/100.000)m2.84 02 . -

sppreximately three deaths among

{nstailers.

2 Calculate expected deaths for
installers of A/C shest ot PEL of 0.8/ce
{or ane year of exposure: .
Estimatad t10k 01 0.3 [/cca 381 per

100.000 (Tabie 17) .

Population x nsksexpected deaths

(1788} (36.1/100.000) = 0.84 or
approcimale’y one death among
instaliers

3. Caleulate fung cancer deaths
sverted o¢ hiv e, saved for A/C sheet
insiallers by reducing exposure t0 0.5
subtract expested desths 81 0.8 f/cc
from (hGse expected ot 2/{/cc
12811 =(0 64} = 1.8 or approxamately twe

lives saved.
* The estimated benefits derived irom |
expasure reductions to severs! PEL's
which OSIHA is considunng foe s final
standard sre presented ws Table 2.
These beaclits ropecaent the estimated

" numbcer of eancer Jesths avoscd lrom

thoss expecied due ta 20 yeurs expusure
8t (he estimated current expasure leves
$33WMING worker exposure DORIN a1 J2e
18. The Benefits wore eaiculuted yyng 4
basc of 20 years exposure because, o5
statad earlier. 20 years 14 an estimine of
typrcal lifetime exposures for some
workers. Exposures of ¢ months. one
year and 48 years duraticn are aiso used
lo shaw the grave danger and the need
for (he standard, based upon 0 0.8 /cc
PEL (sce Tabie 3). ’

For Table & OSHA bases its
respirstor assumptions in the
construction industry snd shipbuilding
Industry on its enforcement experience.
on uts familianty with the industrics.
trade unions. snd (adustnal hygremists.
and oa svailable studies en this subjecs
OSHA believes that thase estimstes
may overstate the degree of respreator
use. This weuld lead to anderesumation
of beneflts of the ETS for 1ha following
reason: The (ewer wurkers in
complisnce with the current
requirements for respurater use for
smbient exposures exceeding 2 [/cc. the
g‘am the potential benafits from an

mandating that wockess be rained
regarding the significant risks from
ssbestos exposure and the importasce
of using respirators. Alte. workers
currentiy using respiraters will benefit
furthar reductions from 2 {/cz t0 0.8

" l/ce. Howevar, if respirators mandated

by tha ETS are not used properiy or
consistenty. thea the number of cancer
deaths aveided 1s an averesiimate.

. Ta test the revsits OSHA also
calculated the banelits assuming tha: ail
shipbwilding/repair and construcuon/
renovation/demolit:an operstons
comply with the current standard. All of
the shipbuilding/repair werkers wou
thus be pro:sctad by respirgtors wmic
waould roduce exposures to 0.8 {/cc. The
construclion workers would have an
expesure of 2 {/ce. The benelits of
reducing the PEL 10 0.5 {/ce would.
therefore be calculated as the dilference
between expected deaths at 2 [/cears
the expected deaths st 0.8 {/cc for it
workers in these segments. Table ¢
shows these benefil estimates.
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Although the results n Tuble ¢ ghow
fewer benefits OSI(A belisves the
sumber of deaths avorded under tyg
scanana. I for 1ix months. 182 for 1

t Tele ¢
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year. 2418 {of 20 years. and 3813 fer ¢3
year indicute o grave dunger and
necesaitate this ETS sction.

13
Cancer Deatns Avot0ed with 4 0.5 f/ec £15

Astuming Complience with tng 2 f/cc Standars

[ndustry Sector

3

¢ months | year 20 years 4S5 years

Primary aanufacturing 2 8 1? 174
Secondary sanufacturing 12 31 n 84
Autemotive Afterwarset ¢ B3 1M 194
Shipbytlging/Raparre e 0 0 -]
Canstructioace S U8 e usl
TOTAL 8 182 21 b1 33

*OSHA atsunes that the entire industry sector complies with the 2

f/¢c standsrd througn use €F cantrols or resgiratars cagasie of

* . .. reducing exposure ta 0.8 f/cc.

“

PR

*vOSHA assufes that the rendvation and demelitien industry sectoers

tre protected 5 2 f/cc by use of half mesk 4ir puriTying

respirators.

3..1a Othe. Agency Acuon /s
Adequote To Protect Emdloyees Agairst
This Crove Donger. QSHA believes that
Cangress intended that the ETS
suthority may be exercised whea OSHA
determines Uat & grave danger is
presented and when the previsiens of
the ETS are erafted to be an
immediately effective means of
protecung employees against such
danger.

OSHA. however- hns evalautad the
petential capubtlity of sther pogsibie
sctions o reducy (he fisk from asbestos
sxpesure. OSI1A has determuned that no
olher sgercy sctien short of 1seuing tius
ETS which campels an immediste four-

{old expesure reducuan wii sufficiently
protect srmplvyees aguinst the grave
daager of developing asLestos retated
Jdisease. ln making this determinauon

OSHA consiucred the uselulness of
stepping up enforcement of the current
asbestos sta~dard, and (mtisting ¢ &b}
rulemaking proceeding to permanently
reduce exposure levels. These sctions
will be discussed i turn. QSHA notes
that thase actions ere net mutually
axelunv -and (a fact. OSHA is both
stapning up its enfarcement activities
and embarking on ¢ reguired Kb}
rulemaking as coordinated actvities in
sddion 1o issuing an ETS.

{#} OSHA first concludas that merely
[nereasing its enforcement of the current
ashestos stundard would not sulficiently
reduce the grave nisk of asbestos-reisted
discase to exposed workers. Evan if
such incteased enforcement resulted in
immediately enifoem compliance wath
the turrent 3 f/ce standard in sit
1adustries, nsks o asbestos-expo.ed

workurs would remgin ungeceptally
high. As stated sbove. OSHA has
ssumated that st ¢ 2 (/ee leval
empioyees expased over 4 working
Ufetime of ¢S years are predicted &
have un excess nak of dying from cancer
of 64 (8 1000 and of contraciing disabing
asbestosls of 50 in 1000: emplovees
expased ever 20 yeurs are predicied 1o
have excess cancer rsk of ¢4 in 1000
end ¢ disabling asbestes!s mak of
spproximalaly &2 in 1000. Even at
exposures lasung 018 year. an estimsted
3 amployess out of 1000 ate predicted 1o
die of asbesios related cancer. and thare
ls slso additional risk of developing
asbestosis. Risks ot the 2 {/ec leves have
besn acknowivdged as vnaccaprable by
other governments which have reduced
their pe-missible levels below 2 {/ce
Te astimate the number of lives ot
stake if enly the current standard were
{mmediately tnforced instead of
compeiling 8 08 [/ce level through this
ETS. OSHA made other esiculstions
using cenain aseumpuons sbout sctual
complisncs levels
For this analysis. OSMA assumed that
all consiruction. renovation and
demelition operations comply with the
:a;nnt mn&aﬁ‘ o that workers ‘h t{hu
ustry wo ve uses of 3 {/ce
The differenca in the mmw of deaths
avoided by compliance with the 3 f/ee

. standard campamd with those avoided

from compliancs with the 0.3 {/ec ETS is
sull very high and shows that asbestos
exposure sven st 2 {/cc represents ¢
grave danger 6 such exposed
amployees. Tabie ¢ sety forth the results
of these calculations. Thus. for ¢ 30 year
period af exposure. OSHA estimated
that merely «usunng corapliance with
the current 2 f/ee limit may cost 2418
employees their lives. For one year of
exposure, OSi{A estimated that 182
empioyres may dis if axposures are not
reduced (0 0.3 {/cx, assuraing full
compliance with the current 2 {/2¢ limst.
OSHA baelieves that these benef:ts
{i.e. lives seved) represent the lower
bound of 1hose that would result {rom
the ETS lor twe reasons. Half mask
respiraters which may be used o8t air
caneeatrutiuns ¢f 20 f/ce to comply wuh
the currant standard may not effectncny
reduce cmployce exposure below 2 f/22
Further under the ETS. haif mask
reeperatars may only be used 1n
wetkpluces where concentrations do not
excewd § [/cc. Employees in workplaces
beiween § snd 20 {/cc must use mere
protective respirntors under the £T5.
hencs. 1t is likely that (hewr actual

DUP 0907170
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exposures may be reduced 10 heluw 0.8
[/ec and the benefits af the E13 will be
currespandingly incrrased. Further. an
ETS by asture of the actina uscil, and
the sccompanyng enforg ment program,
wiil undoudtedly boost ihe incentives to
comply with sll protectng provisions of
the asbestos stasdard

{b} OSHA rejected relying on merly
beginning Sectioe Kb} rulemaking
proceediagy te rovise the standurd le
reduce the PEL o an wnadequate
response o Be grave danger faced by
asbestos€xposed warhers. Beginning
rulemsking proceedings resuits 1n po
{mmediste workplace chunges.
Employees would stiil continue to be
exposcd 1o those condiiuns which
defline a grave danger for at least the
pendency of e ruismmaking. In OSHA's
evpeneace. completing &bJ rulemukings
not (niteted by an ETS coacernung
bagardous substances can lake many
years. Far exampie. the coke ovan
emissiea siandurd took approximately
3% yuars, the lead standand. more den
§ vears and the conon dust standard.
more 1has ¢ yaars. These penods do not
tnelude say of the additional delays
the affacuve dates of OSHA standards
that were due to judicislly unposed
nays. whigh have resulted o deisys

. lasing sevaral years. Under the most

favorable cxrcumsances. however.
OSHA believes that it is poss:ble thats
section &b rulemaiung imited o the
issues raised herein might be compicted
%Mwuly gae yeer, absent an

As shews sbove. the estimated risks
of developing asbestos-reiated concer
due to exposure for one yeur unde?
current condilion.. 412 sL.1}
extraoreinaniy high. The additional
riks of deveiopwog asbestoss due to
one year's exposure under current
condit:ocs. slthaugh quantiflied with less
certainty. are aisd mors thaa significant.
OSHA aisa Lelieves thut the naks of six
months e\posure. approaumatcd by
taking over Ralf of t.e one year risks
under current conuiiions. uise ure
unaceeptably high. OSHA smphasess
83 steted abeve, that OSHA'S
c\periencs shaws thut withest un ETS.
procesdiays leading te & permanent
Reaith stindard are unlihely 1o be
compheicd within @ sz month penud.
The evplunnten of OS5 LA’ cupaludity
10 prodace & stamdard withia ¢ moaths
of un FTS lies is the urpency genecsicd
Ly OSHA's liewing of & grave danger,
the enistence of 8 spesific stalutuny*
dradline v complete a rulsaiabing

withia § monihe and thie need u: prevent

8 tap in protretion betwren the
expirgtion of the FTS and the impusitivn
of the permancat stendand for 8
subsiunce siready derermined 1o present
& grave denger.

OS11A aiso Lelieves that it is helpful
10 evaulste the extent of nsk resulnng
frum lifetime exposure penods of 20 end
43 years in the absence of this £TS. As
shown in Tabies 10 and 11, these nsks
are extryordinaniy high.

4. Other Foctors Indicsting'e Nead for
an £T3. Although worker exposure to
08le3t09 has boen declining over the
years. QSHA believes that exposure
eanditions will continue to present grasve
dangerin the neer future unless an
emergency standurd is promuigated.
QSHA bases ihis finding on its
evalustion of cxposure information.
sshestos use statistics, conmiderstion of
the nature of industnal expesure today.
aad the degree of complivnce with the
current standand.

Although OSHA anticipates a deciine
in use of asbestos in products. this
dachine wiil not matenally affect
ashesios use i Lhe near future. The
extensive tort lingation regarding
asbes:os and e swareness of heslth
offucts ‘associuied with asbestos .
exposure provides strong inducements
for producers and users of preducts to
swnich to substitutes for asdestos.in *
fact. ashastes consymption has declined
ovet the yasrs as shewn:

V.§ Consumptien

tage Pattern (1000 tons)”
1978 88¢
1976 ¢ 659
1922 672
1578 3 bly
Wy s
1948 %0
131 J'“
1982 L1 ]

Warker ushestus expusures will
continug, buw ever, [OF Muny Yours in
the future igcause subisiitutes fue some
praducts do nut spowas immediately
avinlable |

For othier products. okl repducement

.

parts will be nerded fur many vesrs For
exqmyie. sutamalile munylucturers L&
switeh {0 non-ssbestos Lruces sngd
cluteh facing 18 ACwv vehigles (a the Aov!
severul yeurs. Qld vehicles. containing ;
ssbestos parts. will remusn in yse lor
many years therexfter. Paik o ul. (nund’
over hulf of all mwitistory buildinge
surveyed (68 out of 12°) cantawned
sprayed oa asbestos mutenel (Bx. 8~
282} The petentiai for ssbestos
eXPOSUTe EXists 81 long as asbestos
remaing m these buddinr. Resovation
work o the building such ss relocsiing
walls and electrical winng will result in
continued exposure for carpenters.
painiery. elecinicians. laborers shret
metal workers sad sthers.

Therefors. OSHA does aat believe
thet major expesure level reductions are
sbout 1o occur in the near future. The
tend towards reducticn in asbestas use
and asbestos exposure has Levt a siow
gradual process with the exception of
instances where the government
Intervened. For exampie in 1973 the EPA
banncd use of sprayed on nsulation
containing mare than { percent
ssbestes. Without OSHA scting at this
ume. QSHA predicts that the grave
danger conditions will pernist. cariainly
during the rr!od required far OSHA'S
issuance of ¢ Wb} standard. end
probably for many years thersaitar.

S. The Need [or the Specific
Previsions of the ETS. The provisians of
the ETS require the employer to use any
method of control tg reduce empioy ee
exposure 10 0.5 [/cc and to rain workers
concerning the hazards sssocizted with
ssbestes and procedures for reducing
the nsk. Thase provisions must be
implemented immedistely. OSHA
Lelieves they are greatiy needed to
afford emplovees meaninglul pectecnon
A3 the benefit sechion explai=ad in
deteil. compeiling exposure reductions
through o0 ETS will result 1n s grest
aumbaer of ives soved.

in addition. a8 stuted esrlicr OSH{A
belicves that its estimates of e dugrev
of cumpliancy with respirator
requiremunts in the eonstruction gl

~shiphuilding iadugiry may oversicis the
degree uf present respirator use. Thus.
OS$1A may he undersiaung 1he searfir
16 be denvid frem an ETS. and horee
the need for sueh sn ETS 1a he
promulyated. [n udditiem. OSIHIA'S
estimates of exposures 1n demnutiun
and renovanon segmernts of the
coratruetion industry are apprasimate!s
20 {/ce. Berawse under the ETS the PRI,
is luwesed te 0.8 [/cr. the nirdurme
cancintratiun at which mute protectinge

°
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reapirators {with & protecuon Iactar
excecding 10) must be worn drops from
20 {/cs {10 timey the former MEL of 2 {/
cc) 10 § {/c8 (10 umes the new PEL of 05
{/eg). Therelore OSHA believes that
more warkers will sdar more protective
respirators under th thaa vader
the current permaaet! standard tha!
their actual exposure levels will be
reducad (s below 03 [/¢ end
cansequeatly that thee rishs will be
reduced even Jrore thaa the caleuistions
. indicate.

OSHA finds slse thet requiring 8
tsining program to be instituted a8
quickly s possible is oas of the most
eflective methods of maximising the
beneficial impact of the exposure
reduction and of all the protective
provisions of the current standerd. Thus.
the content of thie ETS has been chosen
a8 the most ¢fTective shoet-term sirategy
10 reduce asbastos risks whick will be
sccepted and implemented.

& Conclusion OSHA Bads that
workers exposed te asbestos in the
workplace st existing sxpesure

. conditions need this emargency

temporary standard 0 pretact thea.

{rom the greve danger preseated by
.these conditions. OSHA finds \hat by
o reductien (a exposure te

sxposed sver that lavel many lives will
be saved. Training imposed by the ETS
will snhance e nek raductions.
slithough quannfication of thet
sdditional reduction cannet be
caleulated. 0.5 f/cz is the lowest feasibie
levei achigvabls tiraugh this smergency
action. where thort-lerm implementstion
of th ' controls 18 required.

Only by issuing a5 ETS cumpeiling
reductions in exposure levels below the
current permussihle hmit of 2 [/ce can
OSHA bring abeut adequate reductieas
in nsks. The admuustrative ection of
stepping up enfarcament of the cusvent
standurd is an insdequate responss (8
OSHA's finding that cerrent cunditions
prasent & grave dunger.

QSUA does not Leliave thut any
sigmicant reductfon will aceyr within
A scceptable time pariod without this
emergency standard scuen. OSHA hae
obsrrved & gradual seduction (8
sshesius wee, bet ia the Agency’s
experiencs. significant snd rapid
exposure reducuens ssuslly occur in
response o standards. The provisieas of
the ETS will sigruficantly reduce the nak
and reduce it quichly, Therriore OSHIA
has determined that the ETS is
necestany te reduce the grave dange?.

———

V. Oecupatioosl Health Data
A lutroduction
1. Agbestot-related Disecses.
Ashestos exposure €an cause & Aumber
of dissbling snd fatel disesscs. Among
these diseuses ere lung cancer, cancer of
the mesothel:al Lning of the pleurs and
r'nmmm. end asdestosis. [ is also
tkely that gsbestos ncreuses the nsk of
sstrolntasunai cancars. Of ali the
seasas csused by dsbestes. death from
lung cancer canstitules the grestest
bealth risk far American asbestas
workers. Lung cancer hus been
responsible for over half of the exceas
mortelity from ssbestos exposure 1a
some occuputional coherts.

The relationaip batween lung cancer
and asbestos expeosure has been
esablished by numerous epidemiolegic
studies of diverse groups. Asbestes.
induced lung cancer usually has ¢
latency penod Ia sxcass of 20 years and
may be diagnesed 8t an earlies age than
for non-exposed persors (Craigheud ot
ol. 190Z Ex. 84=033}. Faw cases of lung
cancer are curable despite sdvences in
med:cal and surgical oncology. Only 1%
of lung cazcr * patsats survive five of
more years afier diagnosis (American
Cangsr Society, 1382, Ex. $4-160).
Asbestes expesure scts sysergisucally.
with mmm smoke to Mulliply the nsk
of devaioping lung canese.

Mesothelioma siso has been”
cenclusively shown (o be sssociated
with ssbestos by many studies. ln soms
eabestos-expassd occupational groups.
10%=18% of deaths have been
stinbutable to malygnant -
mesothehomas. Malignemt
mesotheliomas of the pleurs end
pentoneum sre extremely rare in
persons not c.pased to asbestos.
Generatly. s istency penod of at least 28
10 30 years s required in orderto
observe mesothuliomas in an
occupational cahert. Same victms of
mesathelioma have had s latency period
excacding €0 years sincs their inital
axposure to asbestos (Craighead et i
1002, £x. 94=033}. This form of cancer is
carely curable and is usuxily fatal within
s.year after disgnons. There is 8o
evidence for o relationship between o
cigaretie smolung snd mesothelioms
11

Asbestos sxposure can cause plevrsl

sad/or ether pulmonary discase. Pleursl
plaques sre one ¢f the markers of
eaposure and may deveiop within 10 to
20 years after the initial exposure.
Puques sre opuque patches visible on
chest X.raye that consist of dense
steands of collegen (coANLTHVE tinsue
protein) lined by mesatheliai cells. Al
commercinl types of nsbestus induce
pinques. Pluques cun accur cvim when

fibresis s wbsent and do not sccm to

refllect the sesenty of puimunary

parenchymnl diseyse Pleurs!

calcification 1s alse commeonty fouad

persons wno have Leen erpascd 10

g:benws (Craighead ot al. 1982 Fix Bem
13

Asbestons 1 pulmonary librusis
caused by the scoumuistion of asbestos
fibers in the longs. Advarse sffects of
asbestoss range f20m shanness of
breath upon exsrtion te cysnosns.
effusions of sereus Ouid. respiratary
{sllure, cordiac decompensytion and
desth. Often. asbestosis 1 & progressive
disease. even m the absence of
continued exposure. Symproms of
disesse are shoriness of brexh. caugh,
{atigue. end vague [eclings of sickness.
When the fibrous worsens. shortness of
brseth occurs even ot rest. One clinical
festure of early ssbestons ag weil a3
other lung diseases is end-inspirstory
crachles (rales). Diugnonss of asbestos:s
fs based upon the presence of
charecterisiic radiologic changes.
symptoms. rsles. other clinical features
of fibeosing lung disease and s Eistory ¢/
exposure to asbestas. Cigaretie-smoxing
ssbestos workers may have 4n
Incressed nsk of ssbestons relative to
noa-smoking ssbestos workers.
{Contghead ot al. 1902 Ex. 84=031).

Some epidemiciogic studies have
observed iacreases s esophageal.
stomach, cole-rectal. kidsaey. [aryngeal

- pharyngesl. and buccal cuvity cuncers.

While the magmtude of increased
cancer nsk for these sites is not as gres:
o3 for lung cancar and mesothelioma.
the increased risk is nevertheless of
considerable impertance decause of the
bigh background rates of some of these
tumors in the gencr.! pepulsuon. A ¢
IRErEESE in 8 common cancer such as
colo-rectal cancar results in many mo‘e
deaths than g 50% incresse 1n & rare
¢ancer. Colo-recial cancer, if detecied
end treated in an early localized stage.
has o five year survival rate of about
70% (Amencan Cancer Sociaty 1983, Ex
84=180). Surgical and medical tregimer:
is less successiul for the othe: sites
listed abave.

Adverse effects from exposure to
asbestas have bean observed in wurkes
involved in asbesics cement pipes ans
shingles manulecturng (Enteskine et ..
19738, 19730; Wasll et al. 1979,
Finkelstein. 1962. 1883} (Exhibits 84122
M4=113, S4=208, SimO44. BAu210]. s3SI
mining and mutling (Wagner ¢t ul. 190
Liddell ot al. 1877 McDonald et sl
1940, H{ubbs e al. 1900. Nichaison eta..
1979, Rubing et al. 187¥) {Eahilnts 220
$4=038. 84088, $4-132 B0 140G}
asbestos testide munuluctuning (0ull.
1983, Peto et al. 1980 Borry et ul. 1979
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Cement ot 81, 1933} (Exhibits $4=iN0. 4=
148, #4038, 14037\ 1asulation work
{Selikafl et ai. 1979) (Exhibit 84m0901,
thipbu:lding {Selikofl ot al. 1573. Blot o
a1, 1980 Tagnon ot al. 190} (Exhibits
S4-001. $4-109, B=1821 in & vanety
of esbesies products manyfacturing
wndustnes (Jones et el 198G | [snderson
snd Enaterline. 1979: MeDonaid and
McDonald 1978 Seidman et ol 1978
Relinsen et sl 197% Acheson ¢t sl
1981 ) (Exhidits =138 S4=O0il. =184,
$4-007, $4=082. $4-103}.

It should b noted that 2 fibers pet
cubic cunameter. which is the currant
OSHIA standard. is equivaient 10 2
mullion fibers per cubic metar of air.
Because humans bresthe in about s
cubic meter of a1 every hour, depending
on physics! exartion, the current QSHA
PEL {or asbestas silows workers te
inhale 3 million ashestos fiders per hour
during an &-hour work day. For the sake
of brevity. subsequeat discussion in this
preambie will express exposure in terms
of fibars par cubic centimeter (f/ce}
rather than fibers per cubic mater.

Nute.«=The current QSHA standsrd
ineludes asbastos fiders § micTomaters o
mare i leagih, tersby sxcluding shecar -~
fbers. Suaor ¢ 10 980 of sirbeme Ssberte
bars ore shorter (5as § BUCTSMCIE.

" werkers nuy (chale up ts 100 rullen
asbentos Bbers per hawr dunng sa S-hout
waek day.

Since OSHA's publication of a netice
of proposed rulemaking in 1978,
additions] studies have conflirmed that
asbestes exposure causes & high nsk of
cancer. n addition, much more complate
dawa on the asture of dose-response
relstionships for sshestas-induced
distuses ars now avaiable. These
studies genaraily indicate that the PEL
set by OSHA 1972 is inadequate to

tect aabesios workery from uither
ung disesss oF cancer.

The follawing sgenciss and
organisstions have reviewed the heelth
data {or sshestos: Laternatenal Agancy
for Resenrch on Cancer (LARC) (1307,
Ex. §4321). Orgaruzaiion fac Egonomic

. Csaperaticn snd Development (OECD)
(1978 Eu 84=237). NIOSH (1978, 1840,
Exhibits $4=338 and §5=220}. Advisery
Cammuttes of the Health and Safety
Comnussion of (ke United Kingdom
(1979, Ex. $4=210). the Chronic Hasard
Advisory Panal en Asbestos (CHAP)
(1943, Ex. $4-136% and the U'S.
Eavironmental Pretectiaa Agency (1962,
Ex. 84-1001 All of these groups have
concivded that these is ¢ cavsal
relationchip between asbesios expusute
and the develapment of cancer and on.
malignant respuntery diseqse. NIOSH
recommendcd reduction of the PEX. {or
ssheston to 0.1 fibere per cubic
esatimeter (0.1 (/ec) it 1976, (n 1900, 8

jownt NIOSI{/CSHA Ashestos Wark
Croup stated that 1R2re wis no lesel of
txposure 10 asbestos Delow which
chnical effec's 4.4 not occur and
recomunended a PEL of 0.1 fibers per
cubic canumetar (0.1 [/ce) based en the
lmitatiens of cwrent technologies of
Bessunng air concanirations of
ashestos. The 1978 report of the
Advisary Comamuttne of the Heelth and
Safety Comumisnion of the United
Kingdom. hersafter referred o ia this
section s the UK. Commutte, led to the
reduction of A+ British standard [oe
asbestos te 3 /cc for chrysotiie. 0.8 [/ce
for amosite. 124 0.2 f/ec {or crocidolite.
Curree’ ¢ it appears that the United
Kingd.m sy lower the PEL foe
Jrysotile to 0.8,

& Evoluation of Risk. OSHA's firet
step 8 snalyvis of risk of disease rom
txposuze to ¢ potentially hazardous
agent ts & qualitauve evaluauon of
scientific data. This evaluation (nvoives
revie buman aad & atel
studies o considar such {acters as
overall study design. methods of data
callection. biologic plausilulity of
Radings. consisiency of findings rom
different studies. temporal correctness
of the asyozusdon. and other factocs as
well 82 general ssienufic judgmant.

Subsequently. after o specific agent
has been judged to be hazardous. the
guantiistive expasure-response
relationshups batween the ageat and
disease can be investigsted. The
svailable data on air concengations of
the substance oe biclogical indices of
exposure, such a1 fiber contents wvathin
lungs. can be reviewed for cohorts of
wockers demoaszrsted to have an
increased r.. s of diseass. If workers
with ¢n observed exceas nek of disease
Bave received cumulative exposures
permitted by the current OSHA

‘permissible exposure limit then o

poteadsl signdicant heslth rigk from
exposure o e PEL has besn
established. If the workars with
obsarved gx08ss risk received
cymulative exposures sbove those
?:.nm‘md by the current PEL. than risk

m e current PEL may be estimated
froa nsk obsarved at Righet levels by
using dose-respanse exuapolsuon
medels.

The section. Epidemiologic Evidence
an Risk from Exposure at the Current
PEL. will discuss the extent 10 which
excess nsk has besn observed from low
axpasures ™ asbestas. Section Vo,
Quontiative Rish Angiysia. will discuss
the previciion of excess nsk {rom lew
asbestos sxposures using dose-
eatrapolation moduls bused on sludies
obeurving excuss nisk in humans. OSHA
considers that both nsks vlserved by
studies and risks predicted by doses -

;:npulah.o‘n :‘odch are valid

1cators o the exustence of pignific.

health risks. puficant

Exposure deta lrequendy are not

svaileble for warkary exposed Lefars ¢
1470, Whare Bistoneal expeture dats
are avaiiadie, the data oiten have such
brutauons as having been collecied and
snalyzed using industrial hygiene
techniques no longer 1 use or having
besn coliccted in only somse areas of the
worksite or having beent collscted on
oaly & lew eccanions. Therelare. of
secessuly, estimates of dose-reeponse
based an epidemioiogic studies will
bave ¢ faitly braad range of unceruainty.
OSHA nust examine e best avaiiadle
data an exposure-response (o amve st 8
determination of sigraficance of nak,
despute isherent aad nevitable
uncarinties in the data.

The current #-howr ume-werghted
sverage PEL for asbestes of 2 fibers per
cabic cantimater (2 {/2c) envisages that
workars will 2ot recsive 2 cumulatve
expesure excesding 100 {/ce-years (w2
f/ee x 80 years of occupations!
exposure). For aabastos. OSHA delieves
that & number of studies suggest that
increasad risk of lung cancer. asbestenis.
and nesothelioms have frem
cumulative experures estimated a3 clase
to a¢ below 100 f/es-years.

Notg.~OSHA typically uase ¢S years as
the pened of 0 muiuulwu {oe
purpeses of Quantifying nsk irem exposure 1o
wuc agenis. For ssbesyis. maay scienusy
have used 30 years o represent o fuil
working lifeume. Thus. beh 43 years of

“expotwre sad 30 years of expesurs are ued

in Uus decument for the pwpase of snslymng
dese-response reistionsups {or a3besios.

In these studies. the cunuiative
exposures tesulted rom exposure leve's

ster than the current OS!LA PEL of 2
[ee {or an &-hewr day. For axsmpie.
workers whe acsumulsted 160 {/ce-
years could have deen expased (o e
average levei of S {/cc far ¢ penod of 20
years. Section B.(3). below. disrusses the
eprdamuciope evidence for Ask Lrem low
exposures ia mere durald. OSHA
believes that s significaat heaith risk
kas been observed for cumuisuve
expasures that could be sccumulated by
werkers exposed to ne more than the
prasent PEL of 2 fibars per subrc
caaumater (2 {/cslk

Estimates of cunulative exposure sre
approximations ef tetel dose recerved
by & werker during Be penad of
employmaent (avelving exposure 1o
asbesive. Cumulutive sxposures
genarslly are ssumated by muluiplying
the varying intensities of exposure. such
a8 the Ghour time-weghted sveragrs,
by the number of year's expesed. Most
thesnes of the mechanum of

JozT0e
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carcinopcnesis ussume \hat the msk of
wunsiormation of iarget ceils 10 cancer
ceily increases with 1nCreases 1n the
tatel dose. Exposures received afler
such & transformation fas tuben place
may 0.4 (he develapmint of cancer. dut
have not causad the c{nger. Thus. i
soqe nstances unng lotel cumulative
exposure may overstate the exposures
':ﬁ‘?cicnt 1o producs increased cancar
risk. For Uus reason sooe
epidemuaiogists amit the later years of
exposure o & carcinogen o snslyses of
mortality ia relation to cumulstive
exposure

addition 10 cumulative exposure.
{mensity of exposure can ba examined
{m relauon to disease. Intensity of
exposure is olten approximated by &
hous ime-wesghtad sversges (TWA's).
The OSHA PEL of 3 fibers per cubic
arnumeter (2 {/cc) as an $-hour TWA
has aniy beea 1n eTect nince 1976, At
s Lme. it does not appesr posaidie 10
determing whether intensity of exposure
hss an effect on disasse risk separate
fram that of cumulstive exposure. This
ls because the current OSHA PEL hae
been 10 effect anly since 1978 which i
as insufficient penod 1o observe
aadesics-related diseasas. which

. Characteristically have iong latency
, benods {ia excess o 25 yeara). Ay

discussed in the section. Quenutiotive

" Risk Arelysis. it appears that durstion

of axposure may Yave an independent
affect on mesathelioma nsi.

The following sections anailyte recent
epidermuiciogic and expenmantai studies
snd discuss imporiant sspects of the
oogupstionti heaith data concernung
ssbestos.

A Epidemialogic Evidence on Risk from
Expcsure ot the Current PEL

1. Converzion of Particle Counts lo
Fiber Counts. Custently, pervonal
esbesics samples of exposed workers
are coliected with 8 membrane fillar.
and libers are counted using 8 phase
contrast Mmicroscope equ:pped with &n
eyepiece graticule. In the past. parucies
waere couniied ruther thaa fibers. sres
samples ware aken tathar than
perionel smmplcs. and 1ampios wore
collecied using thermal peec:piators se
midget impingers. These past indusinel
Rygiene meareremen’s were exprassed
in sullivns of particiss per cubic fot
{abbryviated ss mppc! oc mpef).
wheress QETONt Mmegsurements are
expressed o0 filers per cubic cantimeter
o1 pet milliliter ((/ce ar {/mi}.
Convernon of Messuzements from mpe!
to {/ce is not & umple mutter of upplying
s singie muluplicative {actur due o the
differang work environments th whick
samplcs were tuken and differng
sampling methodologres. The factor loe

convering mpe! 10 f/2¢ has heen
suggested as rynping feam 11 1y 1.8
depending on the ndustey studicy by
the sciennists (Kang ond Chu, Fa. pdmt.
Humenad of ai. Ex. B4 McDonsld,
Liddell. Cibbs, Fyssen. and MceDonald
£x. $~083). Far exampis. using
conversion fastors ol 110 1.5a
cumulative sxposure of 20 mpci-yrare
covid renge lrom 29 {/ec-years 10 100 {/
ceyeans.

The Intish Oceupational Hygiens
Society Commutiee on Asbestos
conducted 8 study of dust

- concenuations measured by current

methods and historical methods (Ex. M=
024). Conversion facters for hitioncal
nwthods ¢ curront methods were 1: 0.07,
1: 2.2 3ad 12 depending on the
histoncal method. )
For asbestos muning and muiling. this
section will use the midpoint of the
m’_u of conversion factors: 1 mpelwd I/
ce. For asbestes producion and
asbestos cament preducuen \his section
will yse Hammad et al's suggested
conversion [actor of 3:3.4 for mpef to {/

[- % .

2 Eoidamialoic Studies. The
epidemueiopC studies that OSHA
interprets &s suggesung thet significant
health nsk as been obeerved ot jow
ssbestos expasures fall int0 ) |
categones: (1) Studies of household
eantacts of asbestos warkers. (2) studies
of wotkers whose exposures were short
term, and (3) studies of worlers with
cumulatve exposures sstimated 0 be
ciose to or below 100 {/ce-yenrs. This
section sumumantes these studies and
presents OSHA's ansiysis of these
studies.

A aus' er of studies have observed
mesotheliomas and snncreased
prevaience of chest X-ray abnormalities
smong iesuites of asden10a workery
{Andarsen st gl Exiubits 84016 and
84-017; Visnnae and Palan. Ex. $4=106. Ui
of ol Ex, 84=140L In addition.
masatieomaes have Deen obsc—ad in
commuenity membars liviag nesy
ssdestos mines and {actores {Wagner at
ala Ex. 2-21: Newhouse and Thempson.
Ex, 84-070). .

Andersan at sl (Ex. 84016] observed
s 35.9 percent prevaiencs of chem Xoray
sbnormahaes. including plevral
thighgning, plaques. pleurs!
ealeification. and irregular opecities.
among 628 housshoid contacts of
amone fsctory workery compared to s
4.8 pareent prevalence of chest X.my

sbnsrmsliies among 328 controls drawn
from the same community es the
amonte workery. Controly wers
maiched 10 the cases Dy age and sex. As
ol 1978, 4 caess of mesathelioma had
boen disgnosed among the 828 {amily

contacts of the amevite warkees,
Presumabiv. lumity conters mecen oy
their eaposure 10 asbiesius (rom dust
Carried home on the worer 5 clothirs
tspecially dunng the lnundenng of dysu
clothes. Ahoul 8 10-(old increase in =
prevalence of pieurn) thickemng -
compared (0 conirels was observed in
family contagts of morkers with only
one year of expaeure wilhia the amosite
{sctory. .

Estimated asdestes expesure levels of
family contscts end community
members observed to be st rsk of
ssbestos reisted disease have not been
reparied. OSHA considers 1t vey likely
thet the cumulstive expasures of the
famuly contacts and community
members were less than 100 {/ce.years.

Scidmaen Selikefl. and Hammond (Ex.
040871 studied the mortahity of 820
amosite preducton workers empioyed
someatime dunng 184148, Sednan et ol
reported that dust concentratnons had
ngver been messurad in this plant snd
that the plant was known to hsve
deficient ventiation sysiams. Workars
wars classifisd as having worked [ess
than ) month. 3 Months, 3=§ monihy, 6=
11 months. § year, or 2 3¢ more years.
Workers in all categories of length of
ampioyment had sxcessive mortality
from lung cancer. Forexsmple. men
smpioyed less than one month had &
lung cancer standardized mortsiity retio
(SMR1 of 207, based on suppiemental
sutopsy. clinical. and surpical
information. [The standardized
mortality ratie is calculeted a3 the
observed sumbder of desths in the
exposed population divided by the
sumber of deaths that would Be

P d in the exposed pepulstion.
besed on morulity rates of an
sppropnaie comparson dopuiation The
SMR is [requently used a3 an
approximation to tre relative nsk.}
Hance. OSMA cons:ders thet Sexdman ¢
sl. demonstruied that excess lung cance
=tk could be expenenced even by
worh ers with exposwes of reiatinely
short durstion.

Berry. Cilsea. Hoimes. Lewinsoka.
snd Roach (Ex. 84=020} studicd the
waorkers of an sabestos 1exnle factony o
the United Kingdom. Berry et al.
reported ta 1978 that the everage
exposure level was § [/ccand that 6§
parcent of men employed after 1950 ha2
“possible asbestons.” Among men
ampiayed after 1350, Berry ot al
observed 1 percent prevaiences of
crepitations. “possidie sshestosis “ 2
~cariified asbestosis” at 37, 40 end 82 ¢
cC ysars respestively.

Barry of al. concluded. "I view of
thase findings thers is oo room fot
complacency sbeut the 2 {/em? stunc. 2
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end eTo~s thauid he continued te
reduce 6al<3roe dust 10 as low ¢ level as
posaibie. Al this stage il s impyssibie 1o
state defimitely that the standard 1s
madequate. because 119 intreduction 1s
so recent. end it is essqpual to follow yp
goups exposed 10 lowfvels in order to
imarove the data necaglary for the

formulgtion of better standards™ (Ex. 84

Q2 p. 108,

Finkeistein (Ex 84«044) studied the
development of compensable (earulied)
asbesionis smoag 137 Ontano asbestos
cement uction workers in relstion
10 cumuauve exposures ({/cc-years).
All workers it the study cohort had st
lesst 13 years of expasurs. Onlarie
cateris for carufying asbestonis. which
resuits in the award of disabdility
pensians. are not inflexible sad wavolve
consideration of such factors as history
of occupational exposures. dyspnes.
crepitations. clubbing of fingers.
radiographic 5158 of puimeonary
fibross. and abnormal lung function
Carufication of asbestons hence would
oceur at an sdvanced stge of dissase.
Each production worker was classified
a8 havieg received Omid, S0-09. 100-149.
150=198, of 200=248 [/cc-years of
curmylstuve exposure witua the 16 yeers
follewing iniual exposure.

*  Fiakelstein calculsted incidence rates
" donsisting of number of new cases of

+ cartified ssbestosis per 100 persen-years
at risk {Incidencs is the rate at which
aew cases of asbestesis develop i @
givea pancd of lime. [t {s & direct
messure of the nsk of developing the
dllllli-} Incidence retes were 0.8 3.4.
and 4.3 for workers who recsived 040,
$0-94. snd 100-149 {/cc-years
respectvely. Finkaistein also calculated
the eumulauve prebability of having
developed cerufied asbestosis by the
¢nd of 32 years of latency. and observed
that men i the O=dd, 30=49, snd 100=149 -
{/cc-years categonas had abovt 10
percant §3 percent. end 70 percent
preaabilities tesnecuvely. Due te small
numbders of men 1 each 2ategoey. thase
estumated probabilities had much
statistical yncertainty.

Finkelsten stated that the
uncertanties 1 eXpoture 883 ents
and the selection daf ansing
exclusion from the study of wuekers
wth less thaa 18 years of employment
mey have led 0 sveresumation of risk
ot low c‘xrum which was “10 some
extent balanced by the fact that the end
point we studied wus certified
disubility, an advanced stuge of
asbestosis” {Ex. Si=044. p. 501). OSIIA
considers that Finkclstein's findings of
excess nsk from low cumuylative
expOosurLs are very impoctant because
the outcume. corufiod szbestonia. was

. based ypon substanusi medicdl

evidencs of severe disability (rom the
discase. ' .
Demant and colleagues conducted o
detailed study of plant processes snd
dust control methods et 8 chrysotiie
texule plant during 1930-1073 (Ex, 84
038, 84-037). Exposure Rist.. 48 ware
consiucted for each worker and
sstimates of individual cumuiative
exposures in terms of [/es-days were
made. Alter 1840, exposure levels
usually were in the range of $-10 {/ce.
Waorkers were categonzed as recerving
expasures of less thyn 1000 1000=10.000:
10.000-40.000: ¢0.000-100.000: snd
ster than 300.000 {/cc-days. Because
ement ef al. included holidays and
weekands in their esumates of {/ce.
days. thair esumates of cumulative
exposure e likely te be eversiated.
OSHA calculsted that Dement et al's
categonies of {/ccdays are rovghly
equivaient 10 less than L.7; 2.7+374. 27.¢=
109.6: 100.8-24. and greater than 27¢ {/
ec-yeurs of pational exp .
Note.=Becaune Dement ot ol countad
bolidays and weenends for e caiculations
of [/cc.days OSH.. dinded {/cc-<ays by 343
(@ 8ITIve a1 estuasies of [/eS-years.

Dement et al.'s first 3 exposure
categones fall within the range of
cumulative exposurss permitied by-the
current OSHA ssbestes suaadard. -

Amang white maies with 13 or more
years of latency. lung cancer SMR's
were 140. 170, and 352 n the categnries
of less than 1000, 1000-10.000. end
10.000-40.000 {/cc-days respectively.
The latter 2 catagories’ axcasses of lung
cancer were statistically sigruficant. Foe
other non.mslignant respirstory disease
{excluding both  scuous respiratory
disesses and bronch:tisl. the following
SMR's were observed {or white mains
with 18 or more years of latency: 362 for
men with lese than 3000 {/ce-days. M4 for
men with 1300-10.000 {/ce-davs. and 8§79
{ar men with 10.000=40.000 {/cc-days.
The excesses were statistically
signficant {or both the liest and thied

_ eategory of cumulative exposure.

Dement of a. concluded: “Based on
data from ths study. sigruficently
eleveted mortality msks are predisted
for lung cancar snd for asbestosis at
cumulauve exposures of 160 {ibers/
esXx years in the wextule industry” (Ex.
$4037. 9. 423).

OSHA considers that Dement et als
ebservutions of exeass nsk ftom low
cumulutive cxposures are weils
supported begac.. of the carelul
estimation of expusurs histanes fur the
cohort,

Henderson'and Entertine (Fx. 84u048}
studied the mortality of 1073 asbustos
produclion workers who retred duning

E
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1941-1967 Moetalily was gbgermed
during the perod 19411973, Cumuitive
expoeures. expressed in millions of
particles per eubdie foat of sir times
years expased (mocf.yesrsl were
estmated for each man inciuded in N
study cohort. Mean exposures for 8
cumulative exposure categories were 82
182 352 608 and 978 mpct-years.

Hammad o ol. (Ex 84=777) supgested
¢ mpef to [/oe conversion factor of 1:1.¢
(or & cament plant. Becouse cement and
ether miners! particies have been
extengively used in asbestos producs
manufacturing, using ¢ conversion factor
of 1:1.4 doas not appear to be
snreasonsble for Henderson and
Enterline’s study eohort Using & factor
of 1:14, 82 mpel-years s roughly equal
© &7 {/cs-yrars.

A respiratory cancer SMR of 1979
was observed in the cumulative
xposure category with ¢ mean
exposure of 62 mpel-years. Thus. OSILA
views this study as Baving observed
excass risk of dying from respirsiory
cancer among man receiving cumulative
Xposures permitted by the current
OSHA PEL Using a conversion factor of
13 would result in an estimate of
cumulative expesure for the low
exposure eategory that is about 0%
higher than that envisagad by the
current OSHA PEL. ’

Demaent ot ol com=mented on the
narked differences between the studies
of Dement at al. and Henderson and
Enterline with regard to risk observed
{rom {ow cumulstive expasures (Ex. &=
037). Dament et al suggested that these
dilTerencss may be pttnbutabdle to the
{act that Hendarson and Enteriine
studied retirees ¢3 years or older. with
these retirees constituting s select group
of survivors. Only 8 of the 38 lung
cancer dasths observed by Dement et el
occurrad in persons §$ or older.

MeDonald, Lidde!l Cidbs. Eyssen.
and McDonaid (Ex. 84=063) studied the
mortality of $1.379 workers exposed 0
chrysatile mirung and sulling born
duning 1371-1020. Mortality was
observed during the penod 1810-1978.
Each worker was classified ss having
sgeumulsted less thaa 30. 30-299. oe 300
or more mpel-years Dy age d8. Lsinga
converyion facioe of 1.3 for mpe! te free
these groupings would correspond tv
less than 90. 90=498. snd 0 or more {/
cc-years. Lung cancer SMR's were 43,
118 and 238 for the 3 categories sturung
with leg9 than 30 mpef-years
respectively. SMR's {or pneumocamons
were 200, 1081. and $400 (or rumutatne
exposure cawgonces of iess than 36 30=

299. end 300 or more mpef-years |lence.
McDonualil et ul. didd not chserve much
lung cuncer nsk but did sbsenean
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low exposure category.

A case-control ensiys:s used simiiar
Cxposure c41agones: however, the
snalysis wag ntnanically incapable of

‘ouserving 8n excess rfk « the less than

30 mpef-year categoryfoecsuse the

cantrols hud aiss beeschrysoule miners

and oullers.

Regurding the different findings on
fung cancar nsk {rom low exposures
between the studies by MeDonaid et ol
and Dement ¢t sl. Dement ot al.
suggested imprecision of exposure
ssumstes snd differences a airbarne
fiber charsctenstics as possible ressons
for the difTerences. Dement and Harms
previously had found that textile
processing produced & higher prapertion
of long thin fibers falling wathun the
ranges delineated as carcinogenic by the
snumal studies of Stanton and
colieagues (See Secnion E{3) below.
&menrol Dots).

inkeistein (Ex, $4=240) s!s0 studied
mortality from lung cancer,
mesothelioms. and other diseuses
emong workers st an Ontano asdestos
cement {actary established 1n 1948. The
study cohort eonsisted of 339 men hired
before 1980 who had been emplicyed ot
he factory for # years or more. Each
cohort member was clasaified 83 having
- gécumuiased $=48 TO=121. or 123420 [/
ce-years of asbestes exposure within the
‘18 years following initial exposure.
These exposure categories. hereafter
referred ta as Croups A B. and C had
the [oliowing mesn cumulstive
expasures respectively: 4. 32 and 100 1/
ce-yenrs. Groups A and § ere low
SXPOSUre FrOUPS.

Mortaltly by cumulative exposure wus
sralyre “tarung 20 years after inual
exposure. 30 tha! :he calendar period
during which desths were observed
spannc? 1968=-1980 Cohert moctaluty
was compared 16 that of Ontatio men
dunng 19°0-1974. Age-siandardized
mortality rates pes 1000 man-yeass for
specific causes of death were compu‘ed
for Groups A. D. and C and fer Ontarie
men. Thus, this study did ast have tha
biases {rom confeund:ng effects of age
that can ocgur wien SMR's are haing
compured among dilferaat of
worhers {Sce Ex. 84338} putertial
problem 1s Lhat lung cancer mortulnty
may have nsen w Ontstie dunag 1978~
1800 this wouid result i some
underestimation of comsarison values
snd hence some overestmatvn of lung
cancer nsk. Llowever. this
overesumation of tish likely would be
slight. .

:u-whelimm moetslity rates per 1000
maun.gears for Groups A, 1L and C were
1.9. 4 2 und 11.9 respectively. Luny
eaners mortality rutes pee 1RO Mune

years were 118 20.1. 115, and 1.8 lor
Croups A. 8. and C uad for Ontario mea
respectively. Approsimaute reistive nsxs
for Croups A. B. and C. a5 compared te
Ontanc men. are 84, 183, and 7.4 loe
lung cancer moctulity Castrointestingl
cancer mortality was giso eicvuted in
Croups B and C relative 10 Ontano men
The lung cancar monality rates did

nat consistently increase with
ineressing estimates of cymulative .
exposure ia that Greup € had the lowest
lung cancer excess. Finkelstamn
suggested severs! polentis!
explanations. including inacgurecy of
axposure classifications. statistical
Ryctustions resulting fram the small size
of the cohorts and canfounding eifects
of amoking if there ware dilferences in
smoking hadits among Groups A. B. and
C. Becauss a consistent dosa-response
was observed both for mesothelioma
morgiity and asbestosis in the study
group. Finkeistein suggested that the
exposure classifications may have been

sorrect.

Finkelstein concluded that luag cancer
norality raies “may be raised saversle
fold” (Ex. 84=240. p. 143) at cumulative
sxposures of 100 (/ee-years. With regard

- 1o gasuontestingl cancer. Finkelsten

fudged that ne firm conciusions could be
drawn due te the small number of
deaths. sithough there wae o tread of
inereasing risk with increasing
cumulative exposure. Mesothelioms
death rates ware considered by
Finkelstein (o be related to cumulsuve
sxposurey. .

SHA believes that Finkelstein's
study presents evidence of excess lung.

end mesotheiicms nsk {rom

relsuvely low cumuiative exposures,
namely 44 and 97 {/ce.years. Lung
cancer nsk may sve been somewhst
understated by rinkelste:n’s exelusion
of lung cancer ¢~ 9ths which occurred

_ befare 20 years of followeup.

Rubing. Molytio. Newhouse. Scansetti,
Arcsini, snd Murray (Ex. S4=008} studied
the mortglity of 952 male italian
chryseiila miners and mullers during
19441078 Mortalily rom respiratory
disesse and sther causes of death. byt
not {rom lung cancer. was sxcessive in
this cohart Critena for inclusion 1a the
study eahort wers survival untl jsausry
1, 146 and at loast ene month of
employment during 1930-1968.
Companson of mottality was made 10
age. calendur period. and cause-specific
mortality retes of Halign males. In
sdditice, mortulity retes were compated
among the cuhort members using & case-
control analysis und 8 ustoncal
proapeetive analysis. The cumulative
fiber exposury was csumated lur cych
workee in teems of [/ce-years. The

* imestigaturs sumulated pust working

canditions and megsyred dust
concentrelions dunag these LimuiLt.anm
in order 10 Mmake Mmoce aceurate
estimates of exposure during petioas
{pre-19UB] 10 which erposyres ware no!
measured. Mean concenttations of
esLustos were estimsted (o rnge yp 0
0 {/cc belore 1930
Compared 10 ltalian males. the averui

cohort had staustically significant
excesses of mortsliiy from larynges!
cuncer. noa-malignant respirglory
discases. tubereulons. cardiovascuier
diseases. cirehosis of the liver. gng
sccidents. Lung cancer morality was
elevated only shightly {SMR = 108):
however. there was some trend of
inereasing lung cancer msk win
incrensing leng:h of follow.up. For
example. the SMR for lung cancer wes
206 dunng 19711078,

Because 2l anaiyses of mortality :n
relation o cumuistive sxposure
consisted of compansons emong tne
cahort members. rather than Letmeen
the vanous exposure subgroups and
{talisn males. thase snalyses were
incapable of detscting excess nsk in the
lowest sumulative exposuce category.
These snalyvees were capable oy of
detscung trends taward incressed nsk
with increased sxposure. Although the
excess lung cancer nsk {odds
tstiowm 2.89) in the igh exposure group
was net statisucally significant. Rubino
ot al. considered it “likely that the
increasing mertality tuly reflects the
effects of higher axposure™ (Ex. $4-088.
p- 193). (The odds rauo is an estimate of
the relative nsk defined as tre rano of
the odds of dyirg from cancer in the
exposed populsiion 13 the odds of dying
from cances in an unexposed
populauon.}

2ubino et al.'s study is unusual @@ At
finding ¢ higher lung cancer risk amorg
wotkers exposed to relstively high
lavels of ssbestos. OSHA believes thet
the trends of incrensing lung sancer risk
with both inereasing length of ullow-up
snd increasing exposute are cons.stent
with an ssbestos euology. however.
OSHA aito beliaves that the hign nsks
of moetality {rom cther causes such o3
noa-mahignant respirsiory discase migh:
Xave obscured lung cancer nax.
especially since these high naks
sppeared within the firet 19 yeses
fallowiag eapasure and asbestos reluie?
lung cancser generuily h3s a lunger
lastency penod. Also. OSUA caleyluted
that thas study only had 33.5% power ‘o
detect 8 $0 increase (n lung Cancer r3a
among weorhers wilh 20 o mure yeais of
folluw-up. s

Note.smSinttstical power quannfivs the
sluity of 8 study 10 de1CET & true et
sk ol 8 spreified Mmagmatude end rufun to e

eI
t ’
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prehability of net mittiag o tree msa.
Senerally (s connceres demradie for
studies (0 have ot 088! U pewer. Becauvse
lung cancer 18 & reidtively cumnen cancar.
ep1semaion studioy sacuid dave ot lesst
0% pawer 10 detec! 8 $0% increnve ia nek of
lung cancer See EX bim3 8 for & descmpuen
of CSHA s method of calcfstng power.

Waell. Hoghes. snd Waggeaspack (Ex.
$4-208) wvestigated expbsure-response
reiationships between respiratory
cancer nsk and exposure 1 sn asbestos
cament plant Weill ¢t ol. did sot
observe excess nsk among man with
low cumulative exposures. A total of
$.545 men with at lasst 20 years of
{ateney since fest exposure in mther of 2
ssbestos cemant plants ware studied.
All men had 4t least ene month of
empieyment before 1970 and therr vital
status wes determuned as of December
3L 1874, ’

Each worker's cumulative dust
exposure dunng the 20 years from initial
exposure was eanmated in terms of
mpecf-years. Men were classified in one
of § different curmulstive exposure
categones: 10 or fewer. 11-50. $1100.
101-200. end 201 or more mpcl-years.
Using the convernea factor of 1:1.¢
suggesied by Hammad et sl the §
cwuoulative exposure categories would
be equivalent 10 1€ or fewer, 13=70, M=
140, 141-200. and 281 or more {/sc-years.
. Rospirstory cancar SMR's were as
. Jollows, starting with the lewest

category: 77. 70, 28, 290, and 228. Noae
of the ether causes of death were in
excess for workarn 1a the 3 lowest
categories.

Concerning their failuze to detect
excess respiretory cancer mortality in
their lowest cstegories of expesure.
We:ll ¢ sl stated: “Such findings are -
6ot necess’ nly incampauble with o
liness response curve st low doses
because of the reistive inseasitivity of
surrently ured eprdemiolope metheds in
detecting siight increases in risk when
compared o tackground. They do
{ndicate. howaver. that any axcess risks
at jow degrees of expasure are small”
(Ex. 64=206. p. 333).

Waill st al. notad that the relatively
high propertion (23%) of the oshert whe
were lost 1o [ollow-up and sssumed
alive through 1974 mayg have led (0
underestimation of respiratory canest
risk. The upper s of the 4%
confidence intervals of therespirstory
cancer SMR's for thie 3 lewest sxpasure
categonies e from shout 118 te 130
ndicating. ia 's spnien. that
excees nik couid age be ruied out (oe
these categones.

Berry snd Newhouse (Ex. $4-021)  °
studied morulty dunng 1941-1978 0( &
cohort of ncuoa matenal production
waerkers whose exposyres were  °

relatively low Lavels of exposure
ranged {rom less than 1 f/cc 1o § {/ce
s{ter 1839, snd cumulative exposures for
‘he conort svuraged liss than S0 {/ce.
sars. Allhough excessive mortality
m mesothehoms wes cbserved. there

.appeared to be Litle excess morwlity

from lung cancer. Most of the
mesotieiioma cases had been exposed
1o ssbestos levels excaeding § [/cc. The
sumuistive axposures 10 asbestos of the
Mesothelioms cases ware not reported
by the suthoms. .

Unexpectedly. this study observed
txcessive mesothelioms mortality but
only s non-nignificunt excess of lung
caacer mortality. A sizable portioa of
the study eohort had a shart follow-up
pencd between the.r intis! exposure
and the study cut-olf date. For example.
3% of the men bad follow.up pertods of
less than 20 years. Lung cancer risk may
be expected 19 increass in this cohort ¢
the members are followed for & longer
pencd.

3. Summery. A number of
tpidanuologic studies bave examined
exposure-response relsticnships for
asbestos snd ssbestos-reiated disesses.
OSHA recogruzes that there are many
inevitable ynceriain e associated with
eprdsmuologic studies of expasure-
tesponse. Rarely. J avee. are personal
samples of asbestos cancantrstions for
exposed workers during the entire
penod of exposure savailabloe. .
lavesugators ypically have developed
Individual indices of exposures from
reconstructed occupational histories.
recent indusinal hygiene data. and
atsumpuons about past working

conditions for which exposures were not °

messured. Another question concerns
the factors for cenversion from
histoncal metnods Lf measuring dust
concenranuons to cuwrant methods of
messuning [Yer concentrations. The
ratio of mullions of parnicies per cubie
foot {mpef) to Abers ber cubic centimeter
{f/ce) has been suggested as ranging
{rom 3:1 10 1.5. Conversion factors of 13
far mpef: {/ce in ssbestes minming and
nulling snd 1.4 (2t asbestos production
and asbestos cemant onersucns sppesr
reasonable 1o OSHA.

OSi<A alse recognises the statistical
varistion asscciated with estimation of
Standardized Mortality Ratios (SMR's).
Such statistical vanetion. ss weil as
differences in study design. statistiea!
power. and length of [oliow.up. may
account foe soce of the divergent
findings among studies.

Recause the present OSHA PEL of 21/
ce was effective 1n 1978, there are fow, if
any. occupanonal eohers exposed
solely 16 2 {/cs ur less wha have foliow.
up intervals suificient for the
sppesrsnce of discases related to

sabestos exposu . Al present. OSHA Ig
not aware of any evidence suggesung
that inzensity of exposure wrll gfTect
excess nsk in ¢ manner &i{Terent from
cumulative exposure. whieh
encompasses both dursuon of exposurs
and ntensity of axposure. Most
epidernicloge studies have observed
ingresnng nek with matanng
cumulative sxposure. Jurowon of
expesuze may have an independent
efTact on mesothelioms risk (see Seclion
Y. Quantitative Risk Analyss).

A warker exposed to the OSHA PEL
of 2{/ce for $0 years would have s
cumulative expasure of 100 [/ce-years.
Henes. studies of workers estimated to
bave received close 1o or less than 100 {/
cc-years provide evidence concarrung
nsk (rom exposure o the OSHA
standard. even theugh the past
inteasities of expesure may have
excaeded 2 {/ce.

OSHA considers that the following
studies have observed increased nex
¢lose (0 or below 100 {/cc.yenrs. Berry
ot sl (Ex. 84~020) obsarved 5 1%
prevelencs of creputstions. possible
esbestosis, end cerufied asbestosis at
37, 46, and &3 [/co-years respecuvely
among ssbestos texule workers. .
Finkeisie:n (Ex. $4=044) observed & 10%
probability of bavaag centified
asbestons among ssbastos carent
productisn workers with cumulsuve
sxposures of less Uian 30 {/cc-years who
had becn obsarved 32 years since therr
{nitial expasures. Finksistenn (Ex. $4=
240} also obssrved excessive lung
cahcer mortality smong wotkers with
aversge cumulative exposures of ¢4 sad
92 {/ec years.

Amang asbestos textile workers.
Dement et al. (¥ "~ =038) observed
excessive montality from lung cancer
a1.d non-nalignant respuratory disesses
ot cumulative exposures of less than
1000 {/ee-days and 1000=10.000 {/ee.
days (equivalent 1o less than 2.7 end
27-27.4 f/ce-years) Henderson and
Enterling (Zx. 84=048) observed about a
2-fold incraase in luag cancer mortshity
among reured asbestos producuon
waorkers receiving an sversge
cumulative exposure of §2 mpef-years
{equivalent to 87 {/ec-ynas unng ¢
conversion factor of 1:1.4}

Al relatively low cumulative
exposures. the following studies did not
obsarve excess lung cancsr nik or
observed only & small increase in lurg
cancer nisk. Berry and Newhouse (Ex.
84-021] observed little excess lung
cancer mortality among {metion matenal
productiun workers whose cumulative
exposures sveraged less then %0 {/cc-
years. Mesotheliomas cases were
obsarved by Berry and Newhause:

T
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Rowever. hew cumu x''ve eXposyres
were not reporicd. Werll et 4. (Ea, §4m
2081 4:4 At lind incressed muetgluy
{rom any cause of death below 100
mpcl-years [equivsient to 141 {/¢c years
usg ¢ conversion lugtaraf 1:34}in g

. cohort of asbestos ent workers,

Rubuno et al. {Ex. } etsarved only
u sight excess of lung cancer mortality
{and & iarge excess of mortality from
other causes. such as noa-malignant
respurstory discase) despite high
sxposure jevels. Dats were not ansiyzed
by Rubing et al in such ¢ way ss to
permit egtunstion of nsk from Jow
cumuylative exposures.

McDonsid et al. [Ex. $4=088) observed
little or no excess lung cancer mortality
smong aabestas miners and millers
receiving low cumulative exposures.
Excass mortality from pneumoconiosis
was observed in thedow expesure
§roup. however. Workers recaiving fess
than 30 mpef-yesrs by ege ¢3 had an
SMR of 2948 {or pneurnocoruasis (30
empcl-years equels 90 f/ce-years using o
conversion fuctor of 1.3).

As is cammonly observed among
epideruologe studies of etiologic agents
for disease. there are tome
incansistencies in he findings of
different studies of workers
accumuiating relatively low exposures.

< Sutistical vanation. dilfersnces in the
sizs distndution of sirbemne fiders.

imprecision ¢f exposure estimates. and
mru’&m among diflerent causes of
death mught expisin some of the
{aconsistencies Nenetheless. OSHA
considers that many weil-conducted
studies observed substantiaily increased
risk of desth {rom lung cancer and nor.
ralignant respiratory disease among
weorkers receiving cumuisthive sxXposures
permatted By (- - -urrent OSHA :
siandard, OSHA conciudes that these
study results provide evidence of grave
danger irum low cumulstive exposures
to asbesios.
C Carcinegenicity of Asbestos for Siles
Other Than e Lung aad Mesathelum
1. Introduction. A number of studies of
ashestos workers have observed
excesses of cancer 8t mtes sther than
the lung end mesoshelium. These sites
include colon and rectum. esephagus.
stomach, larynz. pharyns. buceal cavity.
kidacys, and evaries. Basad on these
studies. OSHA has esaciuded that
siureintestingl meligrancies appesr 10
ave been preduced by asbestos 1haled
ia the workplace,

‘e V’H%P of ﬁgﬂ ‘yase
epidemio g; atudies have nvesligyted

¢ eTteels sl ingeanen plasbastos n
1y walss. Ousaludy susgested
gy ssbasios in drisking water
increused cancer inaidence is Sun___

———

Eu,qqu_cq.a_qd Quilund [Kanurek etall
wmle other studies did not oCserve g o
IRulienship betwesn asbestot in —~
drinking water and cancer incidencs
(Rurringion ot al.. Mewgs er'sl. Lavy et
o] (Ksng Ex 84=139}. QSHA 15 aware
that scologrcal studies generally have
certaun Lutations lor determining the
¢fTacts of long-term enviconmental
expasure to specific substunces.
neluding confounding variables such sy
mugration into and from commumties
and muitiple exposures (0 other
careinegens and toxic chemeals. rﬁg_
sxample, ip ed cancer mortality in g
Qarucuiar community May result lrom
mpw.@-_-{mm

reunogeny \n Jhe gnpkiag wates or
embient 8if. Becpuss 11NG148 A eee
occupational cohorts do aot have as.
many limitations as ecolagical studies.
occupationsi studies have the potsatas,
to B¥ Mére !m:nm:u‘vc coa:nniu -

sni¢ nisk to humans. depending

8 ,.mr the cohort, length of _E‘
obiervanon of the cohort and other
parlinent lactors: Tharsfore. because”
wellconducied ep:denuoiogic studies of
asbestos workers ate available and
because inhelsuon rather Lhaa ingesuon
is the primary raute of workplacs
exposure. OSHA has basad its
conclusions on the potemisl
earanogenicity of asbestos for sites
other than the lung and mesothelium en
eprdemiolope studies of asbestos

waorkans.

& Epidemiology Studies. Elpes and
Simpson studied tha mortality of Belfast
{nsulatoes ampioyed during 1940. mosly
in shipyards (1971. 1977) (Exhibits 04= .,
0431 and §6=041]. Vital status was
observed dunng the period 1940-1778.
£xcess mantality was observed from

b lu mesotheli
and gastrowmtesunsl cancers (stomach.
fejunum. pancreas. colon and rectum).

Elmes and S:~pson stated that “both
{n respiratory and in gastrointesunal
cancers there is the dillicuity of
differantisung betwesn mesothelia! and
epithelial tumours” (Ex. 64=041. 9. 176).
Of the tota’ 122 deaths 0 this cohort.
aither sutopsy information et chinicsi
information with Diopries and/er
radiographs suppiemented the death |
cartificates for all Byt 22 deaths. By
1984 13 deaths had been coded as
gastrointestinal cancers on desth
certificates. 12 of which continued o be

classified as gasuointestunal cancers |
after suppiemaental information bad deen
obtaincd. Using the exoected value eof
$.16 deaths {0 sil non-respiratory
cancers that were repotivd by Elmes
and Simpson. OSHIA calculated that the
gustroatoslingl CANGCET EXCBI8 WS
statistieally sigmficant at tha 0.08 level

" {(ome-tasied Putsaon tesd).

Emes and Simpsaa eanciudey .r her
1977 puper “Cancer of the lung ong
mesatheliomas do not accaunt for gil ‘he
excess of deaths: o significant excess of
other cancers reman. . . snd mast of
these appeat 1o be in the gasiromienngi
uaet” (Ex. 84=041. p. 2381. IR there 1477
pager. Elnes and Simpson reported &
daciing in beth ashestosis and
gustrointestingl cancer a8 maior causes
of mortality among the survivors
followed from 1967<197%.

Selikofl. Hemmond. and Se:dman
studied o cohort of 17800 US. ond
Cansdian insulstion werkers (Ex. Bi-
090}. Camparison of insulators mortality
dunng 1967-1978 was made to 1ge 2nd
calendar penad-tpecific mortahity rates

of U.S. white males. The large s:ze of
this cohoet resulled in very high
statistica! power to detect increased
mortality from spacific causes.
Therelors, OSHA considers that this
study carries much weight with regard
to the question of asbestos-induzed
walignancies. The investigators sought
supplemental cliniesl. surgical and
sutopsy information in order to
determine tie extent of misclassification
of cancers.

Based ca death centificats information
slons, sigmficant excess mortality was
observed from lung cancer (SMR = 408).
nesothalioma (104 deaths). escphageal
cancer (SMR = 253}, stomach cancer
(SMR @ 128), calon-rectal cancer

. (SMR =182}, larynges! cancer

(SMR wm 191), pharyngeal and buccal
cavity cancer (SMR = 1381, kidney
cancer (SMR = 223). all other cancars
(SMR = 181). and non-infactious
respiretery dissases (SMR = 319).
including 78 deatbs {rom asbestos:s.
With the excepuan of deaths listed ss
"all other canc--3", recisssfication of
desths based on supplemental clinical
su10psy. and surgical dats resulted in
shightly Righar SMR's [o¢ the causes of
dasth Lisied abeve.

OSHA believes that SelikolT et al’s
reclassification of causes of death 13
{ustifiable because mudiagnesis of
mesotheliama and asbesions can occu?
due 10 these conditions’ reserblance 12
more commaon disesses. Furthermore. 1t
is possible that metastases {ram priwary
lung caacers could be misdiagnosed as
primary cancars of othar sites. and vice-
verse. Ong disadvantage of
reclassification of deaths. however. is
that the extent of miacigssification e e
compansan populationof US white
males remaing unknown. Nonetic:ess
OSH 1A Delicves that. for this particular
cohort, the advantage of reciassificanes
in terma of improving tha cerainty
abaut the eauses of desth outwerghs the
disadvantoge.

[N S A |
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{n the category irtled a9 “all other
cancers.” 52 Jeaths were olterved
compared (0 131.8 Jeaths expected. The
excess 1o this category was mostly due
{0 neressed martelily lrom peneresuc
cancer (SMR e 2811 livefand briiary
wract cancer 1SN m 283 prostate
cancer (SMR@3137), and bramn cancer
(SMR = 1631, When reclasufied
aczording 1o supplementel information.
the pencresuc eancer excess daclined
greatly and the liver and diliary vact
cancer excess disappeared.

Selikofl Hammond. and Seidman
canciuded: “Asbestos insulat.on
workess (8 the Un:ted States aad
Canads suller an extraordunary
increasad ns« of desth of cancer and
asbestoss sssgcisted with thew
employmaent This inciudes increases in
dasth fom lung cancar. plaursi
mesothelioma. pentonesl mescthelioma.

ancer of the esophagus. caion and

rectum, csacer of the laryax sro-
pharynx. Kidney. and perhaps stomach.
Some increases were seen in cancar of
several other sites. as well, byt data are
insdequate at this ume 10 pesat
charscterization of their sigmficance.
although attentian is called to such
wider increase” (Ex 44=030. 114). -
. Dement and collegues (Ex be=l37)

< o, ohsesved o statistically non-sigruficant

 incraase in digentive cancer mortality
‘ISMR = 131). When Dement of sl

confined therr analvsis to wiite males
with lateney intemuls of 1S or more
years and examined exposure-respenss
relationships for digesiive system
cancer. SMR's inceased with increasing
cumulative expasuse. rangng up 10 S90.
Because of the small numbers of desths.
none of the excess2s of digestive cancer
{n any ¢f the exper--s categones were
stsnsucsily ngmftcant,

MeDonsid and col'cugues (Ex. 84-088)
observed some incresses (not
statisucaily sigmficant] in mortality
from esophages! snd stamach cancer
snd from colo-rectal canzer among
chrysonle miners and mutlers 1n Quebec.
Castrointestina! cancar SMR's incressed
with heavier cumulstive expesures.

Serdman. Seiikoif, and Huamond (Ex.
$4=047) studied a cohert of 820 amasite
insulation production werkers empioyed
st a New [ersey plant dunng 19431848,
A ststistically noa-ugnifieant excass of
gasirontestinal eancer (esephagus,
stomach. and eolen-rectum) was
observed (SM{R @121 Hemlerson and
Enteriing {Ex. 34=048) studied the
mortality dunag 101-1973 of 1348
totired asbestes fnciory werkers. Pifty-
five deaths lrom digestive system cancer
wete oliserved compared 10 396 desths
erpeuted ISMR @137 81 (OSHA
calculated that thrs excoss was -
stutisucully sigmifieant st the 0.08 level.

uaing s ane-tq.led Porsson testl.
Nieholson. Seliho!l Seigman, and
Hemmond /Ex 84=391) slse stud:ed ¢
canort of U S ssbestos factory warkers
ind odserned & statistically none
ngnif.cant § S.fold excess of
gasuointesting) cancer Newhouse 4nd
Berry (Ex. $4~330) sbsarved &
gastrointestingl cancar SMR of 1M in e
cohort of Landon asbestos factory
workers (60 deaths sbrerved versus 6.2
sxpected) (OSHA calculated that tus
excess was statistically sigmificant at
the 008 level using & one-tailed Poissen
test). Punton: et al. (Ex. B4=248} studied
the mortality of shipyard workers
expased (0 ssbestos 12 Genoa. ltely.
These workers were slso exposed to
ether toxsc substances. including silica.
Senzene, carben tetrachleride. snd
polycyciic sromatic bydrocarbans.
Compared to the sge-specific mortality
retes of ma.e Genoans, the shudyard
workers had statistically significant
increases :n mortality from colon cancer
(relative risk w 1.81). All of the studies
listed 1n tnis paragraph si-o obsarved
exgessive morwlty frem lung cancer.

In addition. gther investigators have
cbserved excesses of digestive sytem
cancer. Robinson et al. (Fx. 84=082}
obscrved an SMR for digestive svstem
cancer of 121 (not o statisticsily
significsnt excass} amang ssbestes
producuon warkers. Kleiafeld ot ol (Ex.
84140, 84~161) observed an SMR of (00
(statisucally significant) for digastive
system cancer among tremoine and
anthepky hte expesed workers mining
ale. Mancuso snd Coulter (Ex. M4=224)
sisa observed a significandy elevated
diges:ive system cancer SMR ameng
insulstion workers. Finkelstein observed
a statisocally nar sigmificant 2-feid
increase in mortahily from digestive
sysiem cancer amang asbestos cament
workers (Ex. b4=040)2

A numbar of studies have not
abserved excessive gestrountestiagl
cancar martality among workers
exposed o sabestaos. Nigholson. Selikell.
Saidman. Lilis. sod Fermby (Ex. 44072,
whe ttudied the mertality of $44
chryasale miners and millers from
Queber. observed s gastraintestingl
cancer SMR of only 103. Warll. Hughes.
and Waggenspack {Ex. $4=208). who
studied & cohort of 5.643 ssdestos
cament produchon werkers. aiss did not
sbssrve an excess of desihs from
gestrointestingl cancer. Other
favestugsiors who did net observe sn

incraase a gasuointestinul canzse
mortality wciude Servy and Newheuse
(fricuen matemyis preduction warkers),
Rubino et al. {chrysotic mmers).
Meurman et ul. (anthophyiine miners),
Drown et ai. (talc workers exposed (@
asbestas). Wess {chrysoule factory

workers). McQona:d and VcDonald

{asbestos gas matk worxers), Petg ot 31,
{asbeston textiie workery), Themas ¢ !
{asveston cement workess). Ressiter any
Cales (shipyard worrers). and fomes et¢
&(’ubwen §38 Mmask workers) (Ex G4de

Whea nen.gestrointestinal cancers st
sites other tas the [ung and
mesothelium are considered, at least ¢ |
studies observed excesses 4t these other
stes: Selikoff ot ol. Shettigars and
Morgan Puntons et al. and Stell ard
MceCill Other studiss have not observed
excessas of cancars ot ather sites.

One issue which the Ageney had to
address was how 10 weigh the pasiuve
epidemuologic data versus e non-
positive epidemiclogic data. One
considerntion {s staustical pawer. the
ability to detect ¢ true nsk if such s nsk
exists. The Chronic Hizard Advisary
Panel on Asbestos (CHAP) convencd by
the U.S. Congumer Preduct Sefety
Commission did sot find ¢ consistent
relationsiuip between having & lugher
degree of saustical power and finding
excassive mongiity from (hase other
cancers (Ex 34-258]. It showd be notad
kst the study that had the hughest
statistical powaer by virtug of studying
17500 workers. aamely that of Selikofl
ot ala observed axcesses of
gastointestingl laryngeal kidoey, aad
pharyngeal and buczal eavity cancar.

Another consideration s the
relationgiup between the megnitude of
excass lung cancer risk and excess
gasuoinesunai cancer nik. CHAP

-cbserved that stucies with high lung

CANCE? BACOSSRs ware &.30 Lkeiy to have
found gasuountestinal cancar excesses.
Because high lung cancer nsks would dbe
expected (0 have resulied from
relstively hugh expesures. s
observauon susgests that
salroniesuingl cancar excesses are

sund where gxpasures sre greater,
which incresses the plausibility of there
being 8 true assocration between
asbestos and gasuainiesunsl cancer.

in summary. ot least 12 difTerent
occupetional cohorts exposed to
asbestcs have been abserved 10 have
axcesses of merality from
gustromtesunsi cancer. 7 of which were
statistcally nignificant OSHA zonuders
that these findings canstitule substaniivl
enidencs for an sssociation between
asbestos exposure snd gustrointestingl
cancar nisk. The evidence for s
reletionship between asdestos exposure
and cancar at other sites i3 notewoethy
yet not 88 subsiential as that regurding
gastroiniesunal cuncer.

Caldamith (Fx. 34=235! reviewed the
evidence fur & caussl relanionship
between asbesius aaposure and non-

l,’:"."‘:\
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puimonary cancet ia § studies of 11
ocrupaticnal cohorts (ollowed [or ot
least 20 yeary since tnitial exposure He
conciuded that the dats “cast doubtoa
whether there s Liteapealicity of

asbestot-reisted caper” and that “s
syramic carcinogenic role 1o more likely
{{er asbestos]” { pp. MH=NTL

1. Tovcology Studies, al
cology aludies haye deen conducied
E ?Fsmmm the carcinogenicity of

(agested asbestos. [nhaled ssbestos s, -

toaghl o enter the digesuve tract aben
90 fibers caughtn the Buogus_
of the lumu_t_bnth_u 1o e
“hratand swallowad Also. fiders
caught in the nase may cravel down (@
e pharynx (Kang. Ex. R3-139). Evans et
“d (Ex 84=238) conducted an inhalation
study 0 rats of radio-labelled
erocidolite. The radio-labelled . |
crocadolite raveled to the laryax, .
es0phagus, snd gastrowntestinal tract
jmmadistely siter exposyre, and was
largely excretad io the faces within the
X days lollowing inhalation.

The Natioasi Toxicology Program
(NTPThas edministered chrysotis. |
smosite Uemolite, and erocidalitein .

Teed (3% of diet] lo laberstory snimals.
creased incidences of Wmors hase ndt
n repotted (n any of the NTP studies
ibits $4-228. $4=228, §4-227, U=2128).
somaof the studies. relstively short
bers wers admisustersd. The asbestoe
dose of 1% in dist wes not the
‘naxmslly tolersiad dose (MTD). uniike
mest carcinogencats bloessays.

\Vard, Frank, Weak, Devor. and
Tarone (Ex 84-200] axapnad the effect
of oru! exposuse to amonte or chrysouls
an gasuciatesuag! (Gl) carciaogenesis
Among F344 rats who bad bees wajecled
with Lzoxymethane. Azoxyonethane 14 8
well.recogrize intestinal carcinogea far
Taborutory ammals. Rats wese siso
exposed 1o amosite aions sad
szoxymethane slons. The expesure
peniod was 10 weeks and the rats were
shserved for 83 weeks or more (somms
et ::d :?t;m;w ss long :: g "
weeks). All amosite 8 ;30tle
*©> yusz. Eo"c'—mégggly m"g‘ln_.

incidence cinger among rets
tven ironymethane ajecunns.bs 4L
is Feceiving amasiie alune had an
anusuully kigh incidence 132°) of calon,
“Ticinome cumpnred Lo the incidenca
smoog hustorical cautrol F344 s =
“Biiginined in the samma nborytory.”
w°a o ol cummented 08 (hess
findings: “The results of these
expcnments sumeest tiut ueal ssbestos

eﬁh&tnﬂ‘n caused us Jncreswed
modence of sitcsinel-swaaes 1 sials

F344 tats . Althongh vus Lndinga did
sai cunelumively deawasteate theens |
cazzigusenie ot earcugemie vifect of
ashiestus fur the mtestinul (e, out

—

results suggest that additional tenmiive
§Rimul expenments are neeacd” (Ex,
=200, 8. 3110

Boiten. Davis. and Lamb (Ex. $4=214)
sdmimatered smosite. crocidetite. and
chrysotife 1n diet supplaments (o Wistay
raig for penods of up 10 23 months.
Mahgnant tumaors, ncluding Cf tumars,
were 2ot increased ia the ssbestos:
exposed snimals compared to the
controls: however, chrysotile-trested
rats bad a statistically significant excess
of benugn tumors. The excess of benign
tumory in chrysotile-treated rats was
largely due ts an excess of mesanteric
bemangiomas. Bolion et al. thought that
the ouserved excess of bemugn tumors in
chrysotile-treated ammals was not
likely te be due te asbestos becsuse
they d:d not observe ssbastos fibers in
the mesantenc lymphatic tiseues of the
animals.

Donnhéra. Barg. WilL and Lain(nger
(Ex. $4=222} fod F34d rets & diet
consistng of 10% chrysetils. A total of
189 asbester-led rats and 312 convoi
rats were studied. Regarding thar
findings. Donbam ot sl stated:
“Although thi nsk differencas {ar
development of coion tumors
specifically is not statistically
significant at the 5% level we feel there
is suggeative evidence that ingested

asbestas mey have g::c role in salon
carcinegenesis...” $4=222. 9. 1080).

Smith. Hubert Sobel. Peters. and
Doerfler (Ex. 34-183) administersd
amotite asbestos in drinking weter to
Syrman hamsters of the Lak: LVC strain
foc periods ranging up to 22 manths.
Thare was seme clustering of malignaat
wmors. iacluding ¢ penitonest
maesothelioma. s puimenary carcinoma.
end 2 squamy i» call carcsnomas of the
forestomach. in the hamsters axpesed to
amosite (4 of 280 animale). None of the
control snimals developed these tyDes
of malignant tumers. Smuth ot al. did not
consider the custsning of malignant
tumors in smonte-expased saimsis 1o
be reistad te Wreir ingestion ol umasite
becsuse-thesa types of tumors have
been ebserved in control Syvian .
hamsters of the Lak: LVG suain by other
isvesuagiors.

QSLIA considers that there is same
snigpace thet orul ingestion O Bebestds,
% carcinagenic (o luboratory animals:

hewsever. this evidgfics is rather
icoassiant, The gencrelizalillity of the
nompasitive NTP studies is somewhet
“limuted by the low_doges and shotTihd™
that ware admunustared te the snimals.

& Summary. (n summary, 8t least 12
epidemioiome studics hove cbserved
incrvased mortuiny [rom
gasirosntestinal cuncers among warkers
evpased to ashostos. 7 of which were
statisiicully significant, Alxo, st irust ¢

epwdemiologic studies have absrm od
excesses of cancer st sites other then
the respiralory ract, mesothelium end
gustramniestinal tract. A number of otrse
studies huve not observed increases in
mortaliy from cancers st sites othet
than the lung and mesothelium. [t 1g
porsible for physicans te misdiagnase
panitones! mesethelioma ¢y

sstrointestingl ec other cancers:

owever. the excese of gastromtesting]

cancar pernisted even gfter Elmes and
Simpeon and Selikell ¢t ol. reclassified
causes of death using suppiermenial
sutopsy. saryical. and clinical
information. OSHA believes thut the
results of these recisssifications
consutute sdditional evidence fur an
assecistion Detween ssbestos exposure
and development of gasgrointasunal
caacer.

OSHA regards the numercus
epidemiologic studies thdicaung
{ncresased nsk {rom gaswoinresuns!
cancer as outweighing son-ponitive
epidemiologic studies snd non-posiuve
snd squivocel flindings in snomals
Lnr‘ming asbestos. Dose-response
relationships {or gastreintesunal cuncer
sre charactenzad less well than for
regpiratory systerms cancers.
Nonstheless. OSHA conacludes that
gasvomnuastinal malignancies should be
included in quanntstive analyses of
excess cances riek from esbestos
exposure becsuss such cancers have

- made substantial contribotions to the

{ncreased mortality of many cohorts of
ssbestos workers. Otherwnse. excess
cancer risk {rom asbestos axpoture
weuld be underststed

Tha excesses of malignancies st sites
other than the lung. mesothelium. end
gestrointestnal tract sbservad by
SelikofY st sl are particulsrly
noteworthy becsuse of the [arge s:ze ¢f
Selikoff at al.'s eohort. The large size of
their cuhort resulted in & high degree of
statisticsl power snd & high degree of
stability for the observed SMR’s OSHA
considers that asbestes mipht indyce
cancer ot sites other than the lung.
mesothulium, and gestromtestingl trac
based on the studies finding czacer
excosses 8t these other sites. capecielis
the study of Selikolf ot al. OSHA w:ll
net atiompt 10 quantify the eseess risx
at these ethar sites 1n tslation to
exposurs. OSHA views the evidenes fo-
ssbestos inducing gasirointesnnai irect
cancar as stronger and mors consisient
thea the evidence for a3bestos nLuaing
eancer st these ather sites.

D. Effrcts of Cigarvite Strvhuny

1. lntrluction A multiplheatng cflie:
of usbestos expusure snd cigarrite
smaking wih regird 10 producing

cemeg
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inereased lung cancer rixk was showa 1a
s 1868 puper by Seithofl. Chyrg. and
Hemmond (Ex. 2-8). Bubsequently. ather
studies of occupauonai ¢nhory
confirmed ths hadiag (Selikofl,
Seidman. and Hummong £1. b1
Hammond. Sellkofl. andSerdman Ex.
84=047). Cohan et sl (EX $4031)
observed poorer particle clearance from
the lungs of smokers than (rom the lungs
of non-smohery. This finding may help t0
explain the higher lung cancar nsk of
smoking ssbestos worl ers. [a sddition.
smoiung asbestos workers have beca
reported 1o be at higher risk of
ashestosis snd chest X-rey
sbnormziities, including pleurs! plaques
(Hummond et ol.. Ex. $4=047; Waiss. Ex.
84=097; Weuss. Levin and Goodman. Ex.
84-099) i idence for

associstion between cigarette mﬁi:g
~40d either mesothelioms nskee

Jpstrointésting] cancer nsk (Hammand
et gl. Ex. 84=047).

2 Respiratory Concer. Hammond et
ul. (Ex. 84-047) coliected smoking
histones from 8220 of the 12081
insulation workers with o {ollow.yp
per.od of 20 or more years suncs wutial
exposure who had been studied by
SelikofT and colleagues. The mortaiity
expanencs of these werkers was
obsarved duping 1067=1078 Of the 8220

-

.workers who snswered the

quastionasire on smoking hebits in late
1964, 6341 were cither current or past
cigsrette smakers, 488 had ¢ distary of
pipe or cigar smoking. and 881 had never
smoked regulacly. The compansan
population was drawn {rom the
Amencsa Cancer Society’s lengsterm
prospective spidemiologie study
conducted by velunteers. and consisted
of 73.783 white man who had no more
than & high schaal educauon. were nat
farmars. were slive a3 of january 1.
1967, and had 8 history of scsupationsl

from lung cancer that was $ UMCE higher
1hen that uf nen-smuking enntrols. The
lung cancer mertginty of smoking
Sihostos workess was 2is0 § LiMes
higher thun 'he controis with 8 Mstory of
tigurette smoxing. Thus. {of batd

—— v e ot

tmyring and noR-SMUling aibestos
workurs. ihe reletive nsa of deuin Irgm
lung cancer was sbout 8-fold Heace. ine
reratinnship Letween cigarvite smnaing
snd ashestos erposure can besibe ¢
desenibied us multiplicgtive m nature

Taste §

Age-Standarsizes Lung Concer Quata Ritas

by Smoming Status wa (ccupatiensl

nistery of Assestos {oosvre

Crpetere nigtery of

17 Cigaretite feata  mertality rorelity
tres Asaertos? o 10g fate®  Oufference tatwe
Contrels “ ‘. 1.3 0.8 1.0
Atbastos
-reers Tes [ ] Y ¥ e 4.1 $.12
cantras »e Tes 2. lit.3 10,48
[ Y11
wervers Tes Tes (18] *$90.3 3.2

"mate per 100,000 aen-years standarsized for age on Whe G150 1out 0n of tae
fegeirs 8f 411 The 45243188 SOrTArt (BItES oA $QALA CRrRITIZate INTermATIGR)

fros nawmns ot 0., £2. 04 047

Regarding thesa data. the NIOSH/ .
OSMHA Asbestos \Vork Croup stated:

“he somb'ned ¢/Tect of smnking and

b oxp ¢ apPEaTY 18 Da Pore than
sunple eddition Lf the cominned sffect were
esdditive. snve  ~ould expect desth rates of
108.7 per 100 000 Man-yuere smong as3estos
werkers wie tmoked. Tis raie was denved
tram the suns «f the baseline rute (113) plus
the aver that bateine dus 1@ ssdesios

expasure to dust. fumes. vapers. gases.
chemucals. or redistion, The Béjue
sdvantage of this companson
population waa the svailability of sge-
specific montality rates by smeking
status. Aise. mea with the abeve
dusctibed education and ectupational
histarics likely would sesemble the
insuintion workers more than the
general US. winig male pepdauion.
Ags-standardized lung tasesr
mortality rates lor controis ead foe
eshicotos workers are given in Table &
Ag shawn is Table §. nea-smeking
sabrestos werhers had o mecuality rate

(s8.6=11 3@ 47.1] pins he exzess due @
smeking (122.8-113m 1113}, The'data seem
rethar 6 tantly ¢ muitrpiicative sodel. it
wae shews 1hat amoking alene incressed the
death rate hbout 13 Umes and asbestos aiene
neraseed it § tmes. Thervfore. fer s
maltiphcauve nedel. (he menaiuy raue loe
theee rpesed 18 Both sshestes end smehing
would De 58 (S timas 11) Lmes greater thas
thate whe were ex3oced detther 1§ sshestes
ser 1o smoking. The mortahity rate for tuee
expesed 10 11008108 and 10 crgrrviies wes
sctually $324° (La. 86=122 ». Z').

Salikoll. Seidmun. and Hammond
examined the ofTects of cigarette
smoking end asbestos exposure smong

$82 amosite production warkers. 387 of
whom had smoking histones (Ex. $4=
190]. As in Hemmond et al s study.
comparison wes madae o age and cause-
specific mortality rates within each
rmoking status category of the Amencan
Cancer Society (ACS) eohort. Non.
smaking amosite workers had s grester
than §-fold increase in lung eancer nsk
compared (o non-amokers i the ACS
cohazt, while smoking smosue workers
had an simost §-fold increnss compared
to their smoking ACS counterparts.
Dased on the excess lung cancer nsk
non.smokers. Selikoff ot al. stated that
asbiestos axpasure slone produced an
incrensed risk of fung cancas. sithough
tf'e increase among non-smokers was
limited in terma of totsl numbers of
sdditionsl deaths. For cigarette smok:ng
ashestos workers. Selikaff et al.
described the increased numbens of lung
cancur desths as “devastanng " Selikof!
et al. olsurved no increased risk of
death {rom mesathehoma,
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govirwnicastirgl cancer. und asbestosis
2 Nung sMysi g JMokite wissors
curpeted o Aua-8810KIRE amastie
(YN, 8 N

1 lorg Disecse and Chest X-ray
{ravrmalities. Hammond st i, reported
ot agbustons workdss why smoled
ute nr rmore packs oPigarettes per dey
rad off ushestos moelylity rute 2.5 umes
b.gher than that of sabestos worken
who had never smokey regulurly (Ex.
#4=0471. Hummeond et ol slso reporied
that eX-6210Kkers Who were ssbestos
workery had subsiantially lower desth
tates than esbesios worhers who had
nat quit amos.ng.

Weiss (Ex. $4=007) condycted o chest
X<ay and questionnaire susvey of 100
asbesios tealle workers. Weiss
reported hat smoking workers had 8
0% prevaience of pulmenary fibrosis
snd non-smok:ng workers had & 3%
prevalence of pulmenary fibrosis. A

wdignt 1n risk of fibronis was observed

or both incressing age and increasiog
dursuca of exposurs. The age
disurtbutions of the smohers and aon-
smokers were numiaz, a8 were the
median durstions of expasure 1e
sibestos. Weiss concluded that both
ssbestos expaswe and cigarette o~
smoking were essociated with
puimonary ibross and that smoking
asbestoswarkers 3ad ¢ hgher
prevalancs of fibroais relativa to noa-
smoking sabestos workers.

Weiss did not indicate whether the
difTerence in pulmonary {ibrosis
prevalence between smokers and non-
smokars was statstically ngnuficsnt
OSHA tasted the significance of the
differance in prevslesce of pulmonary
fibrosis betwees smokaers and non-
fmokers asing a chi-squared test of
proporuons and did nat find 8
siguficant dulerence (p gresier than
0.1).

In 1981. Weiss. Levin. and Goodman
{Ex. 84=009) reporied the resuilta ol 3
survey of 45 men aged 40 or more wha
had workad § or more years in an
ssbestos manufacturing plunt. The
prevaicnes of pleurul plsques was
grester in clgarctie smokers: however,
thers was some copfeunding of this
relatianship by cusselutive asbestes
exposwre. which uise seemed to
influence the prevalenes of pieural
plaques. Weiss et vk Slated:

~Canclasions ere reswrsined by the email
aurting of workers m this invesugation A

e o ———— arm .

tluae.eut answet 1 the AursLION 48 v
WAPIRIYL N SO L I1N DEIWECR Dlaiurt ang
MG AR 13 AT NS & el pUrgre 8 MUk
lemsr msqarch ellurt, peelorardy M & cubir
stuuy ” (Fa. MR p 3N

Pearie (E1 44079} sarveved 10
ASDES!0s-expOscy shipyurt wurkes 1o
deterrung 1ae relutive coninibtion of
ssbestos exposure and smoiing fo lung
funetion decrements and choy X-ray
sbnormalitics. Prearin found that Loth
cigaretie smoking and ssbestos
exposure reduced FEVI (forced
expiratory volume in 1 second) and FVC
(forced vital capucaty) with combined

- eaposure having 8 “cumulsiine or

pesubly synergistic effect” (Ex. 84079,
9. 3¥). Pearie slso reported that both
smoking and ssbestos exposure
produced pleurs! and interstitial
shnormalities and that smoking
sppesred to be the pnmary factorin
sirwgvs obstruction and diffusian
imparment.

Berry. Gilson, Holmes. Lewiasohn.
and Roach (Ex 84-020) studied }78 men
empioyed st an asbestos textile mul as
of june 30. 19G8. Smoking histories ware
svailable for 376 men. Men were
class:fied as having never smoked. a8
ex-3mokers. 07 08 current imokers (light,
medum. or hesvy cguretie
consumption). The mean cumulative
exposuses (fibars/cubic cenumeter.
yesrs) were nimilar among the smaking
ststus groups and age adjustments were
mnade 10 account for the younger ages of
nog-smokers. Significantly grester
pressiences of crepriations and small
radiological opacities were observed in
heavy smokars and ex-smokers
compsred 1o non-smokers and light
smokers. For example. 18% of heavy
smokers smployed after 1950 had small
radioiogiel opacities compered to $8N
of never-snokers employed after 1950.

Kubun (Ex. $4=2371 has reviewed the
studies of the relstignship between
tigaretts smoking sad X.ray evidence of
pulmonary fibeusis. Kilbumn eriticized
Viess's use of a definition foe
puimonary fibrosis other than thetof the
[LO i his 1971 study. as well as the
small aumber of workers reportied on in
\Ygiss's 1971 puper and his other pupers.
A study by Samet et al. which included o
» relatively large number of subjects
and which did not find wn effect of
cigarette smoking on radiologie
abnormalives charycteristic of
ssbestons was cited. Kilburm concluded
that cigarstte smoking nether produced

X.rus wpprarance of puiman.ry Nilieac.s
AP cunIriiuGg 18 [irasis resulting frem
Asles 0w r1poRyre,

in SUMMIn, (here 18 yomy evidunce
Ihut 3MULIAE aaUesios worners Rure o
highet ral of mortahity from arinsigeis,
as woll ae s higher pesvalencs ol
crepriatinng lung funenon decremenie
end small rediological opacitins. This
evidenes 4 inconclusive.

& Antnbuting Probabie Etiologies o
Luny Cuneer Amang Individusl
Agdestos \Voriers Entertine {Ex. gim
126 anxlizad he produdility that uny
single rese of lung cances in s person
with hagwn expasure 10 ssbestos couid
be stiributed to the asbestas exposure
His puper emphssized thet 1t cannat be
slated with camainty that u lung cancer
{n sn individual worker was due ts
ssbaestes expasure: rather. statements
can oniy be made concerming
probabuiities of cause and effect. He
convented observed relutiv ¢ rishs into

robabilities using the (sllowing
sroule:

et SR 'ty oF wm tems wiay
M S B s LaErYs -

T X WTR

Wia ba

Using Selikofl et al.'s dats on
insuletors. where & relative risk of about
4.8 was observed for smoking asbes:os
workers and non-smoking asbestas
workers slike. Enterline esiimated a
probability of 73N that lung cancers
were stinbutrble to asbestas exposwe
for both smoking and non.smohing
ssbestos workers (3.5/4.3 1100 18 about
08.78).

Enteriine’s peper is importunt in
axplonng the extent to which esdestos
can be considered the eticiogic agent for
lung cancer in exposed workers.
tiowever. 1 the case of smoxing.
asbestos workers. dichotomizning
csusation &3 either dus 10 smoxing of
due to ssiestos doss not seem
appropraie to OSHA. because of the
fuctor of synergism between cigurette
smohe and ssbeston. Using SclihofT ¢t
sl.'s date. probaebidities of cuusatiog,
were sgumated by OSHA for each
etiologic factor (See Tables 8 and 7)

-
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L.t'a CAMCER SCRTALLTY 8y SwXING STATUSY

Lung Cancer Rite per 100,700 oer Yesr

Smexing Agdestos Insul'uors: H20
hon-Smok fng Asdestos [nsulators: 40.4
Smexing U.S. Males: 14,4
Kon-Smoking U.S. Miles 1.2

Yerom Selteoff ot al., 19797 (£x. 84-090)

Tadle ?

PERCENT ATTRIBUTASLE RISK F‘R'OH ASBESTDS EXPCSURE AND SMOKING

¢ ¢

Lung Cancer Risk

.

3 Attrisutadle Risk

Attrisutanle for Asdestos worers:
To: Formyla Smoking  NeaeSmoking
Sackgrounag 9.2 2.5% 22.8%
Asbestos alane 40.4 « 3.2+ 31,2 8.5% 7.2
Smocing alone 4.4 - 9,20 65,2 18.0%
Intersction of 62 -9.2 - ¢
bty A1
13733 . .
. “TRT

Whiie OStHA's calpulations differ mﬁby presenting & ngnificunt heulth
from Enteriine’s calculations of risk 10 expused workers and 8 grave
stinbatable risk by ueluding the dangst yndee current exposure
synargism {sctae, the prdbability conditions. Cigarette smoking by itself
esumates de agt dilfer much. Acconding can cause lung disease and lung eancer,
1o OSI{A's calewiations. asbestos Cigsratte smohe und ssbestos exposure
expasure contuributes 10 79.4% and 772% appear 1o have 8 nwltiplicative
of lung cancer daeths among smeking relutionship for cuusstion of luag
asbestes werkers snd son-smoling canesr. Morwlity *~m ssbestons hus
a3bestas werlers respectively. A been reporied te be ncressed in

S. Summary. OSHA conniders that cgercito-amahing asbestos workers

ssbestas exposure by itsell cun eause
lung cancer. ssbestonis. mesuthiflome.
and gastrointestinal malignunacs.

cump.ired 1o Run-smeking ashestos
wurkers. aithough this evidence s
incunclusive, Muural plaques and \he

rudivlomic abnarmaiitias characierstie
of pulmonary fidrogis have sita been
reporied 10 Be mare srevalenr «»
cigaretie-smoking ssbcsios workess. :hig
evidence s also ncanciusive. Ex.
smoking asbestos workers have beca
repurted to have decreased lung cancer
nak reiztive te tmoi.ag 41.25108
workers Theee 18 no evidenca for sny
relationship between cigarette smoking
and induction of nesotheliomas and
gasrointestingl malignancies.

£ Relative Carcinogenicity and
Toxicity of Differsnt Fibers

1. /atroduction. OSHA has reviewed
the dats concermng the relative
carcinegenicity end toxicity of different
ssbestos fider types snd has decrded not
1o make distinctions i this emergency
(emporary slandard by ssbesios fiber
type with regard to regulatory

rovisions designed to protect workers

m the harmful efTects of asbestos
sxposure. Mainly, ths is because lung
cancer is the lesding cause of death
sssociated with asbestos exposure and
there do not appear 10 be dilferentials 1n
lung cancer risk by fiber rype.

Sarae investigatars and commutiees
have suggested that difTerent fider types
of asbestas have differences in therr
carcinogenic potency. including
Enterline and Henderyon (Ex. S4=122},
MeDonald sad McDeonaid (Ex 84=134).
Weill ot ol {(Ex. 84-208). Acheson and
Cerdner (Exs. 84=015 and $4=243). Mutr
(Ex. $4=330). and the Advisory
Committee on Asbastos (Ex. b=218).
These scienusis generslly believe that
crocidolite and smosite sre more
carcinogenic than chrysoule end
snthophyilite. Based on these scentists’
recommendations. both the United
Kingdom and the provines of Ontano.
Canadas have promulgeted e [ollowing
standards for asbestos:

0.2 fibers per cubic canumeter {0.2 {/ce}
for crocidolite

0.5 fibers per cubie centimeter (0.8 [/ee)
for amosite

1 fiber per cubic contimeter (1 {/ce) for
chrysoule and all other forms of

~ asbestos

Recently, the United Kingdam hae
aanuunced reductions in the hmuts {ar
chrysotile snd smosite. it 15 important o

nete thut the question of dilferennais in
poteney by fider type pnmatily contrrns
induction of mesotheliomes. not
ssbestonn and lung cancer. For
mesothelioma. Acheson and Curdnerin
1070 dosembed “a powerful case. * * *
that erocdolite hus been more
dansgerous thaa chny votiie snd
anthuphyilite™ (Fa. $4=216. 9 111
whyteis twy churscionzed endence fue

j~nm e A
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fiber ‘ype dilfesentinla in risk froem lung
cancet sng 3bes(ohs a8 “inconelusive”
and “slght” respuctively (Ex 84=218. 5.

11}

{n 1983, Acheson and Cardner stated:
“Peritonea mesotheliome has an almost
exclusive relaionship f(h exposurs (0
the amphiboles crocidobte and amounite”
Ex 84243 p. §). Conedraing lung
cancar, they noted that aithough ene
study (Werll ot ol Ex. 84=208) had found
s higher risk amang workers exposed (0
croadolite ne “clsar distineuon” of nsk
by Abar type couid be found whan the
tlopes of dose-response curves were
compared. Henee. they cencludad that
svailable endenca did not suppert the
sssumption that chrysotile wes a less

width 18 3.1 a¢ grester. Evidencs far msk
[roen fibers .as8 than § um 0 lengtt s
wmesnelysive.

A cntical analysis of the evidencs
concerming nak aifTerentials by fiber
type ang (iber dimension foilows.

L Eaidemicingic Datg=introduction:

Commercal ssbestos fiber types
including smosite. crysotle. and
@ocidelite. have besn observed to be
associated with elevated risks of
ssbestos:s. lung cancar, end
mesothelioms whether exposures
ocsurred 19 & single fiber type or to
vanous combinations of fiber types
(NIOSH/OSHA. 1980, Ex. 84=320).
Excess lung cancer risk and ssbestosis
have been observed in anthophyilite

potent lung carcuncgen (Ex. 84=2¢2. p. 8).  asbestos workers: bowever, 2o cases of

ln 1983. the Chrenic Hazard Advisory
Panel on Asbestos (CHAP] convened by
the U.S Consumar Product Sefety
Comnussion alse reviewed the evidence
for fiber type differentials {a
caranogenic nek (Ex. $4=258). They
conciuded that there were inconsistent
and wneanciugive findings with regard to
lung cancar differentials by fiber type.
For pentenes] mesothelioma. CHAP
canciuded Bat epidamioiope studies
suggested that tus disease was most
sommos in amesite workers. less =
common in crocidslite workers ead rare
o nog-existent (n chrysatile workers.

.. Bvidence (8¢ 3 fiber rype differential in

pleurs! mesotualioms nsk was not
coasidered by CHAP te be as
substanuial a3 for peritoneal
mesothelioms.

Some hesith scienusts who believe
that evidencs links crocidalite expogure
ta & substantial increase in
mesothelioms nak have suggested
separute regulatory restment for
crocide’  'Ex. M=216). OSHA has been
urged 10 consider requinng that warkers
exposed ta croczdolite of asdestos
nixturcs containing crocidohite wes?
approprate respirators. irrespectve of
subamna concentations of asbestos and
irrespective of compliance with the
pe-minble exposure limit. Furthermore.
QS1{A has been urged 1o consider
requinng that employees exposed to
cocidulite be informed of the peteatial
grester nishs associsted with erecidolite -
snd the reasans for fequirmg respirsioe
usage whenever crec:dulite exposures
occur. OSHA invites comments on this
sugaestion and on other altemative
1pproaches (o sepurate regulalary
treatment of crecidslite.

There are ales scientific questions
cancarning the relabicnship between
fiber dimensions and alility to cuusq
diseage. OSUIA belicves that ssbestos
fibers longer than 5 micremeters (um)
cause lung discase and cancer, provided
that the ratia of fliber loagth 10 Nifwer

mesothelioms bave been reported
among anthophyliite workers. .
For armenite. an associstion between
exposurs end disease kas been
observed by the following investigators:
Seidmaas ¢t ol (Ex. 84=087). Anderson st
al (Ex. 8~017), aad Murphy et sl (Ex.
#4=311). For chrysoule. the follewing
lnvestgators have ebtained positive
Gadings- McDenald ot sl (Ex. 84=083).
McDenald and Fry (Ex. $4=004). Liddell
ot sl (Ex 84=050) Nicholsan et al. (Ex.
84=072), Rubiag et el (Ex. 84=088).
Dement ot el (Ex. §4=037), and Achason
and Gardaer (Ex 04=018). For
crocidolite. positive findings were
observed by Uie followang investigeters:
Jonas et ol. (Ex. 84-138], Hobbs et sl
{Ex. 84=132) and McDonald and
MeDenald (Ex. $4=154). Meurman et al
(Ex. 84=181) observed an excess lung
cancer nsk among anthophyllite miners
in Finlend. la addition. numeraws
studies have ebserved asbestosis. lung
eancer. 924 mesothelioms among
workers expose” ‘o muxad {1ber types
(Hughes and Weul. Ex. $4=1338; Weull ¢t
al. Ex. 86=204. Jones et al. Ex. 84=138:
Berry ot al. Ex. 020, Elaes onnd
Simpson. Ex. Peto ot s, 84=dC:
Lacguet ¢t al_ Ex. S4=144: Selikof! ot al..
Ex. 34<0i4: Robinson et al. Ex. 34=082:
and Balseiga-Monte and Scgarrs. Ex 04=
018]. Alse. several studies of talc miners
end millers. where the tale contained
tramelile an. sathephyllite. Rave
observed axcesses of ling cancer aad
lung discase. and redustions in
pulmonary funciica (Kieinfeld ot al. Ex.
$0=140 $4-141; Brown et ol Ex. $4=028:
‘Gamble ot al, Ex. 84-181). {n addition
tsolite. an asbesnform muneral found ia
the soil and water in two nilages 1a
Turkey, may be responsible (ur those
viileges Nigh morality rates from
maesothelioms (Artvinli und Bens, Ex.
=018, Buris et al. Ex. MH=110).
OSIIA s not awure uf uny
eprdeanologie studics which compare
worhers exposed 10 dilferent (iber suxes

within the same 1ndusirial process
Undoubtedly. this 1s due 10 1he seqrcity
of such occupaLional froups since Test
occupationsi populstions hgve becn
expased 10 8 Minture of long ang short
fibers. Therefore. most of the datq on
dilTerentisl risk by fiber size are from *
expenmental studies rather than
epridemiciogic studies snd will be
discussed In section (D)(3] Lrpermental
Date. |
Evalusiing the reigtive carcinogenicat
of the difTereat ssbestas fiber t'r?n *
inveives companson of results fom
difTerent epridemiciogic studies. OSHA
believes that it is important to note the
potenual difficulties of companng
dilTerent occcupaucnal eohorts.
$landardized Mortality Raties (SMR's)
are nak measures (hat ore dependent on
the age distribution (43 well a3 other
Isctors] of the parucular study
population. Thus is becauss the values
used for comparnison referred fo 48 the
expected values. are denved [rom
mertality retes spealic for age. race.
sex. and caleadar period »y s
compansca populstion. Cancer risk
rises with (ncreasing age. so that an
oider population woyld have higher
expected valuss {or cancer mortality.
Misleading results may be obtawned
when conpanng nisk measures {of
caacer smong study populations with
differant ng sge distndutiens.
As example of the susiesding resuits
that may be obtained in such sa
instance is pven i Ex. 84=338. which
{lustrates that SAR's of diverse siudy
popuisuons may be the same while the
actual excess nsk of monality may vary
greatly because of diffarences n age
distribytion. Sex and calendar perod of
abscrvation alss offect expected vaiues.
because women have lower mortainty
ra.es from lung cancer and lung cancer
bas nsan grestiy since the 1M0's Lengtn
of lollow-up is anather pivowsl vanabie
because of the long lstency penods
nssessary for deveiopmant of lung
cancer sad especzaily mesothelioma.
Epidemiologic Studies of Lurg
Cancer. Mesochaliome. and Absestosis:
The following studies examuned the
question of differenual lung cancer nsk
<3y ssbestas fiber type by comparing the
mortality uronucu of different
occupatonsl cohorts: MeDonald und
McDonald (Ex. $4=154]. Henderson and
Eateriing (Ex. 84=048) Werll et al. (Ex.
84=208}. MeDonald and Fry (Ex. 84=084)
and Acheson et al. (Ex. #4=015]. Some of
these siudies also addrested the
question of dilferenusl mesothelioms
risk by fiber type. Some additional
studies of workers expesed 10 8 Bingie
fiber type ere aiso perunent 1o
evaluation of nsk Uy Liler type,
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\nciuding McDonsld et ol Ex. g4~083],
Hebbe ef al (Ex. $4=1321, V. ¢134 (Ex. St
0R4). Cement ¢t el {Ex. 84=037Y, 40 g
Berry and Newhouse (Ex 84-021).

McDanald and McDonald (Ex. sen154)
suggested What crocidalite was moe
earcinogenic than chryyetile based on
theur comparison of !immuty of
Cansdian chrysotiue miners and mullers

with that of Canadian werkers
=anulacturing erocidolitecontaining
gas masks. For ges mask workers. 13%
and 18% of the obsarved desths were
trom lung cancer end mesotheliona
respecuvely. la contrast, 6% and 0.2¢%
of the obeerved deaths amang chryvoule
ouwners ead sullers were from [ung
cancer and mesothelioma rmspechvaly.
One petestial prodlem was tiat the
persennel records of the crocidolite
warkars were ncomplete. whick could
result in biases toward abs

graier of {essar fisk in this cohort. An
aapublished repert by Or. Haa K Kang
[Ex. 84=138) commented as lollows on
this comparison:

(3} Two major potential confounding
factars, fber su2e distnbution and fiber
concentratioa. were not analyzed by the
suthars. U the jas mask piants had
Righer fiber cancentrations and/or 2
higher propernos of long thia Sbers Urtm
the mines. s higher cancer risk would be
expected in the plants. .

‘(2) Comparison of risk measures such
- g3 Standardized Martality Ratioe
{SMR's) and Propontionate Momtality
Ratios (PMR's) might net be sppropriate
between the two sccupational cohorts
because of potential differences io sge
disuibution and lengt of follgw-up
panod.
. Hemdermon and Enterline (Ex. §4=048]
compared monahty of retired workers
exposed 1o different ashestas fiber
types. Al.er adjusting for differences in
cumulgtive dust expesures. Hendersos
and Enterline reported the followang
rapiratory system cancer SMR's for
warkers ia 88 asbestos factory and
workars manufacturing esbestes
cement: 247 for warkers recsivang
chrysatle exposures saly. 384 for
werkess receiving amasite exposuses
oaly. and €61 for warkers receining
combined sxposures 1g ehryselte and
erocidolite. Asbestos cement pipe
workers had s very high lung cancer
SMR of 522 Headersen and Enteriing
ttated: "Men whe warked io the
producion of asbesies cament pipe
exhibited o highee risk of respirstory
cancer, sz did men with some
crocidalite asbeswes exposure. Beciuse
thase twe groupe evarisp. we couid net
ba eeriain that crecidolite ashestas was
responsible foe the wncreesed nak” (Ex
[ 3% [4

Q
»

Concarming Henderson snd Enteriing'y
findings. CSHA nates that the asbesios
cefMent pipe eXPOIUTEY May RIve been
dustier then serier estimgtes mdicsted
end that some of the workers thought 1a
heve been exposed only to chrysotle
may have had indirect exposure to
aocidolite. Also, workers in the
asbestos camant pipe apertlion
probebly were exposed mostly to
chrysoule (Kang. Ex. $4=139). Ansther
potenval confounding factor was tat
wxposure levels were uncertain lor each
goup of workers.

Weill, Hughes. aad Waggenspack (Ex,
$=208] studies the martelity of asbestos
camant ;(rq workers I8 two plaats. [n
e first plant workers were exposed 10
both erocidolite (3% of praduct| and
chrysotile. [n ths second plant workers
were exposed to chrysauls, amosita (1%
of produst), and crocidolite
(in(nquud{).

Weill et sl reported respirs
system eancar SMR's as fallows lor

workers recaiving cumulative asbestas
sxposures greater than 200 millioa
parucies dpcr cubic foat-manths (mpel-
moaths} during the first 20 years of
wmployment:

SMR =182

SR w387
Sesdy experere to @ocdelitt —SMRe (1

Ne crocidelits expesure
hlbmm‘:um ixpoture o crecdo
17

OSHA notes that the apparemt
differences in lung cancer nsk by fiker
type ebserved by Weill ot ol are based
on relatively small nunbaere of desths.
Hence. saustuesl vanation may be
considered o possible explesation for
the sbserved differences. It {s not knowa
i the 78% follow-up rate may bave
contributed o U 3¢ apparint
differences.

Wwuill Zirkind, Waggenspack, and
Roenter (Ex. #6-407) suggested that
creadolite exposed workers bad poorer

workers

puime than
expesed o sther forms of ssbestos.
Thay reported st srecdalite wotken
had smaller luag volumes, g higher
alence of X-ray changes. lower
‘s, and rvduesd diffusing capacity.
Note.aaFEV refors te the valume of air
ferably wxaund 8 one tectad and duliusag
stpamty rafers 18 the ability of sxygen e
laave the sivesit end entar the sulmonary
Mevdaweem Reducuens u FEVI and
diffesiag wspaaty are (adicatuve of mpaired
hag tceon. .

A eamparison batween Cansdian
chrynatile suaers studied by McDonald
ot al. (Ex. $4=088} and Austrelisn
oocidalite miners studied by Mobbs ot
al. {Ex. 84=132) has beea made by Kang
(Ex- 54=130} The Australlan muners wnh

.

one or more yes~ of employmeal and
least 15 years of follow-ug Bad ¢ ung
cancer SMR that was sppres.marc .y
twice o8 Bigh 88 that of Quadee puncrs
with one or more years of empiojtent
and at least 20 years of follow.up.
Camparisen of thase twa groups of *
mines is problematic because of
geununl diflersncas  age diatmbution,
ber canceatrations. and length of
employment (Xang. Ex. sé=139)
Achason Cardner, Pppard sad
Crime (Ex 86018} studied marality of
female workers manufactuning mostly
chrysotileconlaning gas mashs i one
plant (Plant 1) dunng 1930 end female
workers manufacturing masyy
crocsdolilecontavung gas masks end
same chrysotilecontauung gas masks in
8 secoad plant in 1939 (Plant 3L Plant 2
2ad a iarger excass of mortality tun
Plant 1. Ages at {rutis! amploymant were
very similar st the 2 plants. At Plant 1,7
lung cancer dealhs were ebearved
versus 48 expected (SMR = 148,
statstcally son-cigruficant). Ona death
frore plewrsl mesothelioma was
observed @ & lemale werker from Plant

i

At Plant & 18 lung cancar deaths were
observed versus 2 expected -
(SMR = 241, p lens 0.01). Mesothelioms
was nentioaed oo | wemen's desth
Bvsctbelinas 43 Ot Eaderying canse o
mesothelions as the ing cxese q
desth. A statistically nignificast
{nervase in svarias cancer mortality
was als0 obssrved ot Plant 2 (12 desths
observed verrus ¢.¢ expectad.
SMR = 278, p less than 0.01). Possidly.
the deaths cartified a3 due to svanan
cancer may have actuaily been
mtaclasniied perttones! mesoreliomas.

Achescn et al. concluded that “the

- pattern of mo. ...ty (s consistent wvith

the view that masothelioma (and
possibly sverian cancer) is psracularly
e3s0ctated with exposure to erocidolite”
(Ex. $4=018. p. 347).

Acheses et al.'s study has 2
sdvantages reistive to other studies of
sz:hu'en: axposed ‘o different

stos ber types: botl the sge

distributiens end lengths of follow.up
were similar foe Plant 1 and Plant 2.
Nufther air concantrations hor durstions
of employment were teparted fee the 2
mu. however. Because Plant 2had

operating longer han Plant 1, Plant
2 workars may kave had a gresiar
adisn langh of employment Manual
manufactunng procasses wers employsd
at Mant 2, while mechanical processes
were employed at Plant 1. Pechaps the
manual process led to higher dust
expesures for the individual workars ¢t
Pant 2 Yet it is also posaible that the
mechanics! process &t Plant 1 reduced

N N
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the diameters of the (ibers. rendanng
them more hazardous. OSHA coasiders
that ts srudy provides sugsesuve
tvidence for & liber type dillerential in
mesothelioms nsk hAowevar, this
adence i a0t conglusiye becsuse of

the lack of nformation ¢ the arr
cancentratons and durdlions of
anpioyment v

Both plants had excessen of lung
cancer martality. although only the Plaat
2 excess wes stausticaily ngmficant.
OSHA calexiated that the statistical
pawar ta detect 8 SO% lacresse (n lung
cancer rak was only 19% at Plant .
Glven the law powaer te detect increased
tisk ot Plant 1 OSHA believes the
swalistcally sor-sigruficant excess of
lung cancer st Mlant § should not be
disregarded. Also, Acheson st al.
caleulated #3% confidance (ntervals for
lung cancer mortaliry s 135-397 foe
Plant 2 and $8-296 for Plent 1. In
QSHA's view, these overiapping
roofidesss intervals fee the 1 plants
indicate that the obesrved differeaces in
tuag cancer mortality cannat be
considersd statisticaily dilfersat Hencs.
OSHA conciudes that Achesco et el’s
study does aet es:ablish the existance of
o differvatial (a lung cancer risk by fiber
mm these 3 occupstional cohorts.

sise (Ex. 84-008) studied & cohon of
k- uction workers (n & paper and

{actoey. This {actory had used
only chrysotile ashastes. Ne increased
merulity from lung cancer was
observed amoag these werkers (¢ lung
cancar desths odsarved versus ¢.32
n%e:&d). Twe nen died of abestosis.

nated limitations of Weiss's

study that inelude lack of ssbest

®arelity in thew chrysatie exposed
cohert campared 0 cohorts of chrysatile
muners and muiers may have Been due
to difTerent fiber size distnbutions.
Usiag expested values of lung cancer
martality derived [rom the Soutn
Caroling county ia which the chrysotile
laxule piant was locaied. (nstead of U S.
moraiity raies. wouid have reduced the
lung eancer SMR's for the cohort
becayse iung cancer mortality rates
were 78% highar in the county than i
the Untted States as 8 whole. Dement ot
al. considsred use of the county rates to
be inappropnate becsuse of the
probable coatnbution of & neardy
thipysrd as well as the study pleat to
e elevated lung cancer rates in the
aounty. State (South Carolina) mertality
retes {rors lung sancer were sumular to
those of the United States.

Dement st ol. 3ls0 addressed the
pousidility of confounding elfects from
smoking. Questionnaires sdministered
n 1964 and 1871 10 workers employed at
the plant did not indicate that the seudy
cohort bad ¢ higher prevaluncs of
smoking compared 1o tha US.
pepuistion

SHA regsrds Dement ot al's study
as sirong evidence of the potental for
high lun? cancer ruk from exposuss te

otile.

MeDonald and Fry (Ex. 84-084)
published a preiimuagry repoet oa thair
study of 2 asbestos faciones (Plants A
and 3] where chrysotile was used
exclesively a4 § factory (Plant C)
where chrysotile. amonis. and
cocidolite were used. Plant A was the
study plant reportad on by Dement and

Lesgues. Plant C had previously been

sxposure dats and very low statistical
r\vu. CSHA ¢ "~ilated that this study

sd onjy 20.5% pewver to detect & 0%
inerease n fung cancer tak. Mencs.
OSHA does not cansider Weies's study
as nhn;l;;.::;m ;{ low cancer nsk
smong wetkers.

Dement ot al (Ex 86=037} observed ¢
high lung cancer nisk among chrysotile
textile workers (33 deaths odserved
versus 11.10 expecied. SMR@ 318} A
high nsk of moctality frem son-
malignant respirstery dissases.

including esdestatis. wes sise observed

{n this cohort (28 casthe sbsarved
versus .53 expecied. SMR = 284). One
ca-uoud mesethelame wes coalirmed

¥ suiapey. Seversl ether death
cartificates listed “enncer of the
sbdomen.® but the ssthers were snable
1o ebtain sdditional date @ determine
whather oo particuler cancars wers
sctuslly mesacheliomas. Expectad:
vaiues [or moctality wese derived frem
U.S. mortality rates.

Dement ¢t sl duggesiod that the

higher nsk of respurstesy canoee

studied by Robinson sad collasgues.
Respirntory systea cancer mortelity
waes in excess ot «il 3 plants. Expected
vaiues for each plant wers derived (rom
the ege. sex. and ssuse-specilic
mactality rates of the states ia which the
plants wers located SMR's were
alculated beginrung 20 years afler
inftisl empicyment at the plants. Afr
concantzat 1 were highest ia Plaat G
aext 19 highest in Plaat A, snd lowest (n
Plant . Cntens for inclusion in the
study cohacts were: (1] One month oe
mere of employment by January 1, 1988,
and (2} having sny Socisi Secunty v
Admunistration filee. Vitel status wes
detarmined 88 of Decernber 31, 1977,
The everall respiratory system cancer

SMR was 288 st Plant A. confirmung the
bigh luag cances risk observed at the
same plant by Demsat and colleagues.
Furthermors. McDonald snd Fry noted
that thev iactusicn of clerical workers
and weekars with 1=$ monthe of
expoeurs (n the cobort unlike Dement ot
sl probebly reducad observed

* respiratory cancar nak Among nule

g

e T
workers employed 14 years ¢t Planis A,
8 and & rwspreacory tystem cancer
SMR's were 223, 149, and ¢
respecuvely. Among male workers
employed 20 0f more years ot Planis A,
B. end C respustory sysiem cancer
SMR's were 318 188 and 140 ‘
respecuvely. The lower respuratery
cancer sk in mes 18 Mant C was
eaexpecied giver the héhn ar
concentrations s PMaat C

A dillereat patters of respiratory
fystem cancer ruk was gpparent for
{ernale workers compared to mals
workers: bowever, the fsmale morality
tates were 8at siable becsuse of the
smell aumber of deaths. Femaie workers
in Plants A. 8. and C had respirstory
sysieam cancar SMR's of 234, 348. and 52
respectively.

MeDenald snd Fry charactenzed the
differances ia the dismbution of
mesothelioma desths among the I plants
as "stnking.” Mant A bad | deat from
mesothalioms («0.18 of all deaths) and
Plant B had ao desths frem
mesothelioma. Mant C ad 18 deeths
from mesothelions (3.26% of all deaths).
Passibly. an even grester aumber of
deaths from mesotheliome ocowrred ot
Plant C due to unrecognizad cases being
coded as abdominel cancers or other/
uaspecified cancers. .

Robiason ef ol (Ex. $4=042) had alse
obsarved & high Dascthelioms rsk
among workers st Mant C McDaneld
snd Fry considersd the prodability of
missing trus casas of mesethelioma at
Plants A and B 0 be low becsuse of
good cancer case asearuainment in the
sreas whers thess plaats were located.

cDonald and Fry stated that exposure-
responss relationships at the 3 plants
might be clanfie< sfter the individual
subiects were clasaified by exposure
leveis.

OSHA considens the following points
{mportant for interpretag the findings of
MeDonsld and Fry. Although McDonald
and Fry sustlied by durstion of
exposure loe their .ater-plant
compatison of lung caneer mortainty.
other impertant vanebies ware not
controlied for, including age at imtis!
employment, fiber cancentration. end
length of lolisweup. Flant C which hed
the greatest number of desihs from
nesothelioma. also had the highest
expesure leveis. Henee. QSHA
cansiders that the differensals in
nasotheiioma risk emong he 3 piants
ere suggestive, but do aat cenclusively
damonstreia increesed Mesoticlioms
nsk from crocidolils reistive 10 other
ssbestos fiber types. Of interest s (he

finding of Mighet lung cancar msks st the
ehrysotile plants {A and B) reiative 10
plaat C Agam. the variables of fiber
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conceniration. ege dist. hunion, gnd
leng A of [uilow-up need o be cunirolied
for when comparing lung cancer nak of
different cohonms.

Bermy end Newhause (Ex. $4-021) snd
Newhouse. Besry. 8 kidmare (Ex. bim
183) studies the mortagty of & cobum of
woriers manufactunad inction
matendls. Eaposure wis 1o chrysotile
txclusively. excent during 1929=1933
end 10381944 when & small percsntags
of the workforca wias exposes 1o
coadolite. Asbesios exposures wers
law (n the piant oniy $% of the male
warkers secumulated o3 mych 49 100 {/
cs-years. The enly csuse of death in
txcess was mesotheiomas. To exsuine
etiologc faciors for mesothelioms. s
natched aase-conurol study was
conducted for 10 mesotheliema cuses.
For asch cate. § controls were selected
{rom the piaar Controls were maizhed
on year of hire at the {sctory. sex. sgs.
and durssion of employment. Deflnute
crocideiite eaposuss was discovared in
the mruoml histonies for § of the 10
mesotheioms cases and for 3 of the 40
controis. About 90% of the cases sad
25% of the conuois had been exposed 16
levels of ehrysonle exceeding § {/ce
When Berry and Newhouse limited therr
compsnison to thase cases snd mate
conirels who had been exposad tv over
§ {/ce ol chrysatile. & statisucally

' .. significanCgrester aumbder of cases had

sn occupationai history of axposure 8
crocidolita ¢ weil.

Mateching the controls [or the
mesothelioms cases on year of bire
controlled for the important factor of
length of follow.-up. OSHA enns:ders
that beth crocidolite and chrysouie are
implicated w the causauon of
mesothelioms by Uus study: chrysoule
becsuse ¥ of the cases recaived high
chrysotile exposures compared 10 23% of
ihe conlrols, and crocdolita because
80K of the cases compared to 7.5% of the
controls had besn exposed 1o
crocidolite. .

The Chrensc Hazard Advisery Panel
on Asbesios {CHAP] compared luag
cancer nsk per wnit of cumuisuve
exposure (xise known as K, the tung
cancar patency factar) umn% \he
cohorts expesed to difTerent fHber types.
CHAP reported that studiss of cheysotde
warkers yicided bath lew end h
values of Ky, 88 weil ¢ sludies
crocidalite workers and amesiie

 be

workers. tence, CiLAS cnnsidermy thyy
evidence {or o differential 1 lung cancer
1sk was ruzed ung nconclusine (Ex
M=158).

Paibgingy Studine Wagner. ey,
and Pualey (Ex. 6=202) examiney the
180estas contents of ussue sampies of
lungs of asbestos textile workess who
died from mesc:helioma and other
Csuses. Wagner ot ol &id not fiad eitber
higher chrysoule or higher croedalite
conteals i the lungs of the
masothelioma caies compared (o the
lungs of asbestias workers who died
from orher causes.

McDunsid McDonald and Pealey
(Ex. 84=373] conducied & study of the
minarsl fiber contents of lung tissges for
29 autopsied mesotheiioma cuses end 19
sutopsied ceatreis. Centrols matched for
sex and sge were selected for each
mesothelioms case. All contrals had
been diagnosed as having pu'menary
metasiases {rom g primary cancer sther
than lung cencer. Lung tissue specimens
ware examined for miners! fiber content
using an electron muscroscope and Xorey
energy-dispersive sns!, 1er.

Chrysoluile. smosite. crocidolite,
anthaphylizte. and tremolite were
detected 12 the lung spec:mens of the
cases and contro's. For amosite and
crocdolite. about 3 imes @s nany
rmesothel:omz cases aa canmals had
more than t million fibers pwr gram of
dned lung tissus. For sathophyllite,
twice as many cases as controls had
mece than 1 million {/grare. For
chrysotile and tamalite. little difference
1n fiber contests was ebserved betwasn
cases and corvols.

McDansid. McDonald. and Pooley
stated: “The equal quantities of
chrysetils fibers f-und in lung tissue
{rara cases and controls {ail to support
any sssociation between this miners!
type of sabostos ..\gd mesothalial tumors.
Howaver. the lung thrysotle fibre
content st desth must be intarpreted
castiously. a5 these Obres probably
disappear ia the course of Lime™ (Ex. 84=
174, p. 420).-

Thare are seversl points 10 consider
concaming Mclonaid et al.'s study.
First, if e fibers responsibiie for
inducing mesothelivma were siso
responsible for inducing cancers at sites
ethar then the lung and mesotbehium,
“thaa & truc efTect of a fiber on
Basothelioms geness could fail to be

detncied because of the sirpulatrn 1hig
sl contrnis had 10 huve PUIMmana =y
merdstases Custroirtestinal carear
$OMmalimes metasiasize 10 (he lung gnd
some stidies have obser od erceenmy af
gustroinicstingl cancer among ashosion
worxers. Second. since carysoule
consututes up 1o 0% of commereiully
used esLestos and since asbestos
eXposure is wbiquitous. one would
expact coatrols lo have chrysoule fibers
{n their fungs. The widespresd 1xpoture
10 chrysolile could obscure ¢ true
relstionship between enrysotle and
mesothelioma.

McDonald et ol. suggested that
chrysouile may be clesred fastar frum
the lungs than other asbestos fibere 50
that chrysounle retastion in the lungs
may not be the best way to estimate
chrysotile ucmn. Rowlaads. Cilbs.
and McDeonald (Bx. 84-178) suggesied s
tandeney for chrysatile ta be removed
{rom the lungs because of herr
observation that the quanuty of
tremolite in the lungs of Quebec miners
and millers was similar 13 et of
chrysotile. despute the miners’ much
@eater exposure to chrysolie. in
ganersl OSiIA believes that the results
of sutopsy studies of fiber contant of
lungs cannot serve a3 duect massures of
risk diffsreauals by fiber type.

Maesstheliomo Findings: As mentioned
in the introduction (o this section. the
primary basts {oe the hypothesis that
crocidolits s mare earctnogenic than
ather forma of esbestas is the obrerved
variation in mesothelioma moriahity
among cohomts exposed to different fiber
types. A summary of the percentage of
deaths [rom mesotheliome among
cohorts axposed (5 difTerent fiber types
follaws.

Meurman ot ol. (Ex. $4-258]. who
observed evcsss lung cancar rortality
among anthophyilite miners. did not find
any deaths from mescthelioms » therr
cohert. In Seidman et al.'s cohort of
amosite insylation production warkers.
¢ total of 14 mesothaliomas were
identified by death ceruficsie er
patholopcal reports (Ex 84=08"). These
14 deaths {rom mesothelioma
constituted 37N of total desaths in thus
cshort.

Cohorus of chrysctile workers had
relatively low percantages of deatns
[rom mesothehioma:
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Study

netonale atfal,
(83, BA=Q065] « afaers

Ricnglson et &b,

Dement et &!.

T of destrs ‘rom megotnelices

0.3
0.5 . at

0.§

(2. 84037} o Laztile worcers

lwino.u el
(£2. 84-086) - sinars

Hammond ¢t sl. however. observed a
higher mmug of deaths frem
mesothelioma (Ex.
al. studied msulstion workers exposed
predomuinantly lo chrysoie and to some
amosite, but rot to cracidoiite. From
deeth caruficstes snd other clinical
mater:al 178 desths (7.7%) were
sttributed (o mesothelioms eut of & totsl
of 2271 deaths. Pets (Ex. $4=148) studied
8 [actory which used mestiy chrvsetile
and some eroc:dolils. and lound ¢ high
mesothatioma risk. Robmson et sl (Ex.
$4=042} observed ¢% of deaths from
?emmuo:n&m fadcnhm where the
actory used Uie foilowing percentages
of asbestos fiber chrysotile=t¥S.
amosite=09% sng crocidolite=—0.07%.

Among croczdolite werkers,
MeDonaid sad MeDonaid [Ex. 84e184}
observed 14% ol desths {rom

- mesothelioma. jones ot al. cbserved 10%

of desths [rom mesothelioms (Ex. 84~
138). McDonald and Fry (Ex. $4=004)
abserved 1.28% of deaths irem
mesothel'ama. and l{abbs ¢t ol {Ex. 4=
332) observed 2% of deaths [rom
aesotheliomas.

The Chrorue Hazard Advisary Panel:
on Asbestos (CHAP) stated that
penitonesi mesotheiiums “sppears o be
most Lommaon I8 workers exposed te
amosi'e. less often o arecidolile. and
rarely or never 1o chrysgule” (Ex. S4=
258 9. 127). Hewever. CHAP neted the
lsrge variation i perilensal
mesotheliome martairty u«:
crocidulite wockers, the lack of risk data
expressed e tarms of vait :‘lnun. u:d

wmisdiagaesis of peniones
mesothelions. Conseguenty, CILAP
sugrested that (ngters ether than fiber
type. such us lTher hmension. may de
unportant {fur induction of penitonesl,
mesothelioma. Fue pleeret
nesuthelivma, the differenees in
norts ity among coheras were uz [1]

84=047). Hammond ot

marked ss for peritonesl mesothelioma.
sccording to CHAP (Ex. $4=234, p. 120).
Summary of-Epidemiologic Daie: In
summary. iere 1s evidencs that all
commaercial asbastos fiber types. except
for anthophyilite. cause asbestons.
mesotheliorma. and luag cancer ia
Bumans. Anthophyllite has been shown
10 cavse lung cer car and asd but

mesothelioms rsk. partieyiyriy
penitanesi mesathelioma, uy fier 1vpe
18 Mmore CUNBISIENt thin foe lung cynces.,
Nonethaless. this evidence appears nat
to be conclusive because of faiiyre oy
mos! Invesiigslars 16 contrgl (ge
imporiant vimables when esmpsnng
different oczupationgl cohorts.
Mesathelisms nsk i3 sifecied by the
same variables thet detarming the
degree o( lung cancer risk. Purihermere.
mesothelioma has o longer lstency
penod than ssbestos.induced lung
cancer and rses expenentially with
increasing ime nince initisl sxposure,
such that length of abservstion is o
veriable that must be controiied for in
cress-cohort compartsons.

Chrysotle is 8 lung carcincgen for
humans. Even If chrysotile couid be
deflaitively shawn 10 induce fewer
mesotheliomas than the other farms of ©
asbestos. OSHA believes that
epidemiolegic studies indicate that
chrysotile poses s significant health risk
(8 humans by inducing lurg cancer and
ssbettosis.

OSHA has concluded that fider type
(s 8at an importsnt determinant of jung

as mesothehiomas have been reporied
among werkers exposed 19
sathophyllite. For lung cancer. OSHA
views the evdence for differenuals in
nsk By fiber type ss Inconclusive snd
Inconsistent. Some studies have found
that chrysotile workers have roughly the
samae or igher nsk of lung cancar
compared (g workers txposed to
smphibale fibers, whule other studies
have found that chrysoule workers had
samawhat lower relstive neks of lung
cancsr. As discussed by CHAP with
regard 0 their corpanasca of lung
cancer nak per unit of cumulstive
expasure, consistent patterns of higher
lung cancer nsh «.nong warkers axposed
ta crecidelite and amonte did not
emerge. With some excaptions.
comparisens of lung cancer risk amang
estsupationsl cahorts exposed to
diflerant ibe.s genarally heve fyiled to
control for the following vanabies: Fiber
concentrations. sge Jisthbution, snd
lengih of observation. These vunables
sre suflicienily important determineats
of ssbestes-inducsd lung cancar risk
such that QSHA believes these
particulet eross-cohort compansons
provided incoaciusive evidence
easncerrung dilfersaces in carcinogeonic
potency of the varous fibers. Other
important wariabics that may confound
crens-cohort comparisons sre [iber s
disinbutivng. hy pienic massures
{nstituied by the cumpsmas. and
IeIpITeI0r use. .
The gvudence for s dilfereatiul

i

martality arising {rom asbastos
expasure. Because lung cancer is the
major cause of axcase moriality smong
sabeston workers, OSHA does not deem
it apprepnate te permit higher levels of
sxpasurs {0 chrysotile thaa o ether
asbestcs fiber types on the basis of the
sibility that chrysotile may induce
ewer mesotheliomas than the
amphiboles (smosite. croaidelite).

3 Experimartal Deta. OSHA beliaves
that numerous studies of laberstory
arumals exposed 12 sabestes have found
that the dimensisas of libers rather than
types of fibers sre majur daterminants of
nsk {or lung disesse and cancer
(Hanngton. Ex, 84=111; Poit, Ex. $4=173:
Stenton. Ea. 84=83. 84=12% Wagner ¢t
ol Ex. 84198 Wright and Kusshner, Ex.
$4=110}. Aspect rsuos (Le. langth o
width ratios) of fibers have siso been
suggested es factors influencing
careinogenicity (Bertrand and Pezerat
Ex. 64=114}). Becsusae fiber size
distnibution sppears o allect diseuse-
frusing poteney. the source of the
ssbestes used for isboratory
expenments and the raethods used to
producs the ssbestos “clouds” should be
constdereyd when interprating the resulus
of laberutory expanmants.

Chryseule. amasite. and crocidolite
have all induced cancer in animels upun
sdministrauen by inhslution. iniccuon
and implantsiign (NJIOSIL Ex. 84=338.
NIOSH/OSI AL Ex. 3#4=320 Wagner et
sl Ex. 84~20%: Dgvis et ol Ex. $=120).
Davis et ul. luyad that UICC chrysotiie
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produced mare [iLrosis m rets via
whetstion than d1d UICC smomte.
Fattory sampics of chrysonle, howesver,

produced ¢ nimular dogres of filicosis vig ~

{nhaisnon compared 10 factory samples
of smosite.

Wagner st o). condgted mhalution
stugses of § LICC asbystos sumpies (2
chrysotile. 3 smphe Jin €/0 \Wistar
rata. and found simdsar degrees of
pulmonary fidrosis and lung tumor
inedeaces (or sl axposed groups (Fx.
84-08C). [The Union Intsrmatonale
Caaue Cancer (UICC) was the sowee
{or the asbestos fiber sumples veed 1n
the study.] Aningls sxpased to the 2
chrysotile samples retained much less
dust 1t their lungs st the end of the
expoture pemods thaa the 3 other
exposed groups. Concarning tus study,
the NIOSH/OSHA Asbestas Work
Group commentsd: “la terms of degre
of responsa reiatsd o the quentity of
dust deposiicd end retained in the lungs
of rats. chrysotils sppears to be much
mare {ibregensc snd carcinogenic thun
the smphibales™ (Ex. 84=320. p. 15}. Of
tnterest were (he mesothsliomas
occumng sfter only one dey of sxposure
to amosite and crocidolite.

{ntrapleurs! sdmnistration of varigus
forms of ssbestos produced the
{ollowing wncidence of messthel.omes:
coadolitey=41%. amositem3gt.
umhcph{um—ut. Canadias
chrysotile=30%. snd Rhodesian
chrysotile==10% (Wagner ot ol Ex. §4=
187} ln contrast. Stanion and Wrench
{Ex. $4=338} did net observe dilTerences
in mesothelioma incidence by fiber type
wth intrapleural impiantation.

CQhrysatile may sct as 8 ea-carcinogsn
{n addition 10 scting as & primary
carcincgen. Kung-Vosamas and
Vinkmann (Ex 84=143] observed &
strong interaction between chrysotle
- sdministered intratrachesily sad N-
nitosodiethylaming sdminustersd orally
with regard to producton of leng tumors
in hamsters. N-nitrosodisthylumine bas
been demonatrated te be carcinogenic to
many dillerent specias Dy many
dilferent routes of sdmimstrauen,

In 1977, Stanion, Layard. Tegeris.
Miller. May. and Kent published the
results of Leats of 17 fibrous glasses of
varying types and dimensions (Ex. b=
093). These fibrous glasess were
implanted ia the plewrse of lamale
Osberne-Mendel rats. and sarviving
ammals were saenficed alter 2 years.
Staiistical analyses indicatad that the
fibers lass thun or equui t9 1.8
micrometers (um) in diameter and
longer than 8 um produced the higivet
incrdence of pieurnl sarcomas. Fibers
loss than 8 um in length sppeandd to be
insctivaied by phagocytuss. ¢
(Phugucyiosis s the sngulfing ol Tarergn

" glass: mineral w

partcics by phagacytes. which sre ceils
that ysuaily digeat these particies i
ordyr ta protect the budy {rom thum.)
Stanton ot al stsied. “Since nenplusuc
response 1o ¢ vanety of types of duranie
fibems. particulatly esbestos fibers. was
similer, oyr expenments ranforce the
'des thu! the carcinagenicity of fibers
depends on dimension end durability
rsther thun physicochemicul properties
snd emphagize that ol respirable fibers
should be viewed with caution” (Ex, b=
o8 p. 471

QOSHA believes that Stanton at al’s
study has irportaat implications {oe the
question of fiber type d:{ferentials 12
nsk. The study suggests that any
e rved differences in nek by fiber
r s¢ may be due te dilferences i the
fiber s128 distribution withia the
workplaces being compared rather than
inherent chemical properties of the
perticular fibers. Stanton at al's study
suggests that fibrous matenals Desides
asbestos can produce s carcinogenie
response in both the pieura and
pentonsum. provided that these
natensis possess cercinogenic
dimens:ons. Among the {ibrous
materiais demonsirated by Stanton et al.
to produce malignant tumors followwng
implantation are: All forms of asbestos.
including amoaite. anthophyilite.
chnysoule. crocidelite. and tremelite:
borosiucate: glass: alurunum silicate
ool: siuminum oxide:
potassium ttanate: silicon carbide:
sodium aluminum carbonaste:
wollastonite: and sttapulgite. It should
be noted that Stanton et al.'s study did
not rule out carcinogeniaity of fibers
outside of the dimensions shown 10 be
carcinogenic.

Stan n at al. (1981) continyed their
lmplsntation expenments. grestly
expand:ng the number of durable
monerats. including ssbestos. tested via
implantation into the pleurae of female
Qsbomne-Mendel rats (Ex. 84=185).
Stanton ot al. sbserved that the most
earcinogenic fibers were thote 023 um
o less 1n diameter and greatar than g
um in length: however. high correlauoans
with caranogenicity were also observed
far fibars 1.9 um o¢ less in diameter and
loager than ¢ um.

Wrght and Kuschner (Ex. $4=210}
studied the praduction of fibeosis by
inauscheal injcction of asbestns [ibers
in guinca pigs They observed fibrosis
oaly {ros asbestos {ibers longer than 10
um. Cibhe and Hwang (Fix. 84128}
poted out that industriul processes
using ssbestos may reducs the
perceatcpe of shorter fibers in the air.

NIOStH (Pluteh. Geoth, Finacil. Stoll.
and Ulneh} conducted o study of the
chrenic effects of 1nhalation of shoet
‘usbestue [ibers. with shoet fiburs dulined

88 thuse less thaa § micrameters 'um) n
length (Fx. 84-220) Both ratg gnd !
mankeys were expased to & eansoule
s3bestos acrosol for 18 manths. Tha
WIVIVIng rats were observed for 8
months following the cessation of
exposure. Nerther pulmenary fibrosrg
nar tumors were inereased 1 the
exposed rats compared te the coatrol
rats. Monkeys are being mauntained for
an indefinite period following exposure
to detemaine the chrome ofTects of

3

The NIOSH [nvestigators encsuntervd
some dificulties in Uying to generute
shoet fibers. The bail milling method
was used to generate [ibers, resultang in
asbestos balls that could a0t mec: the
desired 31 aspect ratio. Soms problems
also occurred with regard to the
methods of counting ssbestos fibers and
determirung serodynamic dismeters (Ex
$4=230]. Consequently, QSHA considers
that Platek ot al's study provides
suggestuve but not canclusive evidence
that short asbestos Gbers do nat 1nduce
puimonary fibros:s ae tumors.

Some chemusts have pesited tha
asbestos fiders have bochemicaily
active sites on thair surfaces that can be
modified 10 81 te reduce the hazardous
potential of 3sdestas fibers (Ex. $4=1333).
The electneal charye of chemicul groups
on the surface of asbestne fibers has
been Bypothesized to influancs toxicity
of fibers. For example. oae chezucsl
process remevaes the magnesium
bydroxide groups an the surface of
chrysoule and repisces them with
silanol groups. producing & form of
and known as sl d asbestas.
{n vitro tests (tests conducted on ceils in
test-tube simulations of Lving systems)
have been conducted for normal
ssbestos fibers and chemically-reated
asbestos fibers. Decressed toricity 1n
chemically treated asdestos fibers
compared 1o normal ssbestos {ihers has
been reporied (Ex. M=333). OSHA
cansiders that the hypothesis thet
biochemically active sites en the surfsce
of asbestos fiLers determine the degree
of carcinagenicity of the fiders 15 not
well supporuad ot thig time. This 1

JDecause many in vivo studies. especially
those condueted by Stanton et al. have
found that fiber dimensions tather than
chemical properties eppeatred to be the
primary determnant of fiber
carcaasgenicaty. Stanton et al. found tha:
s vanety of non-asbestes fiders courd
induee cancer. (f they were milkd 1o
specilic dimensioas. The in vitrs studics
of chemically treated asbestos are not
a8 doterminsuve of heslth ngh 3s the 1o
vivo studies of iber dimension 3nd
hence do net refute tha findings of
Stunton et al. und other investigaturs
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concerniag the overnding importyncg of
[iber dimansian. Therelore. OSHLA will
cantinue 10 dude: cheancallveaepsiad
ashestos ionger then § sucrometers with
8 3.1 ar grestre sspect tatid in the scope
of the asbestas standgrd. on the busis
that chemically-treaid asbestus pores &
heuith nisk simular to Pat of uatrested
asdestas. .

In summary. OSUA regards
expenmental studies of srumuis o
suggesting that &il asbestos fider types
possess sUmtiar curmnogenic potengy.
Animasl studies siso sugrest that fibur
dimensions rether tan chemical
properties or fiber type may be the
strongest determinant of
carcinogsncity. in OSI{A's vigw.
Extrapolation of the resuits of
expenimental siudies ;1 arumuls (o the
human experience mecasuiintes an
ssaumption that the fiber dimensions
used for expenmental studics resemble
fiber d:mensians & warkpluces. This
S3UMPLion might not be valid 1a all
\astgnces.

4. Other Faciore. The vanous types of
03bestos fibers may differ in the
percentage of fibers available for
wnhelation and the leagth af time that
dust clouds remain sirherme (Rowe. Ex.
$#4-088). Croc:dolite might gtay sirbeme
for a longer period of uma and have s

-grester number of respirable fibers

compared 0 emosite. which in (urm may
exceed anthophyilile in regard (0 these
two charscteristics [Muir, Ex. $4=330).
The preparation method loe chrysotile
will detarmune (hese twe charactensires

. {or e laboratory sample vl chm sotiie o

{oe & particular workplace with
chrysatile expesuce (Rowe. Ex. $4=088).
Because ihicker fibers might drop 10 the
nd fasier snd croadaine 1
generily finer than the other fibers,
erocidolile wse sught lrad to Justier
wark envuonmenis snd hency ¢ greater
health risk. aven if erneidolite 13 nat
more dargerous en & liberdur-fiber
basis (Muir, Fa. adadfd). Linwever. mast
reaprrabic fibvers. which are the fibees
likely ta cuuse disrase. will tead to
remain aizboene for lung penads of time.
Another pumt tu cunwdee is whether,
for diffarent filase 1y ey, the Pt
between fibees vimbie undet 3
microscope s ainfise
submicruscupu filwes varws. This
would conluund cuarpineuss hetween
cohorts appurentiy esmewal (0 the sume
levels of dsfTerrwnt vischale filners uailce
the lightl suchaope. of wnaleewd Silnerg not
oounted by the prewwt uptuul
scrascpy mwttnal e o kazard to
heulth (Mute, 'y nd 2%l
OSHA lurliesrs that thie bee hlwts gpe
founy e sl unilong sond that
|“b.rqurm Mt ae i iy (8% romes
tend to eeab hibers ajurt snd teshue

thetr diumeter. Based un expenmentyl
findings imphicating long thin fibers a6
buing (he must wersinogunic {ibers. theae
tubseyuent processes may Rave ¢
§rCelur cursinOganit huierd compyrnd
to the 1mitial mining and melhing
operdtions {Nicholison. 1981, Ex 8a071).

OSHA examined the question of
difTerentials 1n curcinugenic fax among
manufuctunng processes winch fgil
under OSIL\'s junsdiction, As is the
cuse for studies of fiber type. eoss.
eohort compansons of processes should
conurol for the lollowing venabies: fiber
concentrstions. durstion of follow-up,
durstion of exposure, and ege
distmbution. To account (or the varialle
of fiber concentration. OSHA compared
the potancy facters foc lung cancer (KJ
of different manuisctunng siudies
because potency factors are based on
risk per unl dose. As discussed in
Section V. Quanuwauve Risk dialysis.
the potency factors for lung cancer were
not consistently higher for any
particulsr menufactunng process.
Because poteacy factors fer
mesotheliomas (K] cauld be csicuisted
for anly 4 studies. OSHA eauld not
compars Ky's fov difTerent
manufecturing processes ln summary.
there does not appesr to be 8 consistent

attarn of differential lung cancsr nsk
gy menulsctuning process. Therefore.
OSHA deems it appropnate ta coatinue
10 apply s single PEL to ¢l segments of
ndustey cavared by the Agency.

Relatvaly thick respiradle fibers tend
to lodge in the lung wiule thinner fibers
can tzavel to the penphery of the lung,
and peneirste end then lodge in the
pleurs. Thase fine {ibers lodged in the
pleurs might Le the inducers of
mesotheiic ne {Nicholson. 1981, Ex. 84=
€71}, Bignan et el. (Ex 84=103) studied
the lungs and pleurse of shipyard
workers. <. found larger fibers.
especially amptubdles. i the lungs. In
the pieurss. fins and smail fiders,
usuelly chrysotile. were found.

In summary, OSHA recognizes Jiat
the fiber types may difTer wath regard 10
Ihase tendencies to break inte fine [ibers.
Crocidolite appears 1o divide mie finer
fibers more readily than other asbestos
fiber 1y pes. which may render it more
hasirdovs. Menulectunng processes
could increase the earcinagericity of
aslestos by generating [ibers that are
thinner in duumetet telalive (0 mining
and milling processat. While these
fuciors aze ntervsting and contnbute 10
the formution of hypothceaes reganding
the muchanisims of ssbestas
carcnogenusis, OSILA Lelieves that
these fuctors do not provide 8 deflitative
anvwet 1y the guestion of passibie
diflerentiale in rigk by hier type. OSHA
vua s the data from eprdeminiogic and

£284%4

expenment.ad studies, whieh have
uliserved €\Cots Cuncer nax (ram
expusure 10 4il esbesiug fiuer 1y . &9
&cmg the moll{im‘?ommx wun rhgard 1o
¢ questhion of diffqrent |
by fiber rypes. wal beslth nak
3. Tremolue and Anthophyiiite, Seme
but not all commereisi 14le depasits
CONtEIR srpaniae sthestes and fibro
smphibale asbestng. neluding o
chrysatile. tremolite. and anthanhvilice
{Dement end Zumwuide. Ex 84-039).
Kleinfeid et al (1987, Ex t4=183) s1udind
the propertionste mortailly of 220 Lle
miners and gullers in New York State
whao bad bean exposed 10 asbestos
contined in tale. All men were
employed during 1840 and had 183 or
more years of exposure during 1640
1968. Of #1 deaths un the study euhort 10
(13%] were from respiratary sysiem
cancer and 28 {31%] were from
pReumocaniosis or complicausns of
pneumocontosis. Kleinfeld et ol
caleulated that oaly 2.8 (3.24) desths
from respirstory system cancer would
have been expected resulting ina -
greeter han 3-lold nsk of respuatory
eancer. A follow-up study by Klaunfeid
ot al. (1974, Ex. 84=141) inciyded 280
warkers exposed !9 ashestos ia taie, Of
the 108 deaths observed. 13 (12%) were
{rem respirstory cancar compared to ¢
(3-7%] expected. The high proportion of
desths from prsumoconions may have
reduced the number of deaths from lung
cancer.

Kiviluota et sl {Ex. $4=181) and
Numinen et al (Ex. $4=181) cbserved
pnsumocanion:s and axcass lung cancer
mortality amoag Finrush worker
exposcd to talcs containing hibrous
snthophyilite snd fibrous Lemolite. No
deaths from mesotheliams were
reported by these investigsters.

Yazicioglu. lleayto. Baler. Sayh. and
Yorulmaz (Fx. M4=211) reporied ¢ high
prevalance of plewral caledication and
thickening and & high moctsisty rate
fre »: mesotheliome ameng residents of
Carmik. & town in Turkey it which there
are many deposiis of asdest:form
minersls which are used as constriction
materials. The coastrycuon nateriais

Jave been shuwn to contain fibrous
tremolite. snugonte. lizardite. chlante.
and tsla Yeziciogle et sl 4is0 repored
an excess of lung cuacar in thus
populstion.

Brawn. Dement, end Waganer of
NIOS!! (Ex. 84-025) conducted 8
hisiancal prospective study of tale
suners and nullers of one compuny in
New Yark St.te reported by the
cnmpuny to be mining fxles aot
cntaining aybestos minuruis. NIOSIH
{Dument und Zumwaide). howeree, had
mporied asbesios exsusure 1 the tule

DUP 0907190

DU 028291



[HELTE M5 §-hed

1118

Cederal Remister / Vol 48, Na. 333 / Frdav. Navember 4 1983 / Ruies .ad Resulinions

rune snd muil. NIOSH conducted aa
mdusinal hygiene survey of the study
tale mune sad 8 saighuonng tulc mine
knows ta centain asbestos fibers. Silicy
exposures were foung (8 be very low,
well below NIOSIH's rqgommended PEL
fue silica. Raden daug

measurements made by ie Mine
Eaforcement Sulsty Adminisustion
[MESA) shawed oaiy nil te trece levels.
Dement snd Zummwaide found that
exposure charscianstics between the
study qune and seignbonng mine were
substantally suniier:

“Ia facy the sirberme dust samples frem the
mune ond auil srudied by NIOSH and
saruned by the campany te be stbesiee
free wers found to snntan o
proporties of positively 1dentified
ssbesti{orm emphideies kraely dwe to o
higher remalite content All sther fibee
charactensucs. such (3] median length,
diametgr, a1pect 1aLe. 504 Jroperuen less
han § i lengu were net statistically
wilerent ot the 45 iavei” (Ex. 34=181. p. 181,

The NIOSH atudy cohect (Brown st
al} constated of sll white males
employed sametime dunng 1947-1850.
Vits] status of the 396 cohent members
was determined os of june 3. 1978,
Campansion wes made ie age. calendar
period. snd cause-specific mortality
rates of US. white males. Signficant
increases in lung cancer morulity (9
obsarved deaths versus 33 expected)
and sen-malignant respirstery disssse
martality (8 ed versus 29
expecisd) ware obstrved. One death
frem mesothelioms ocourred. Since the
individual who died from mesothelioma
had previously worked in the
construction indusuy. his death ceuld
ot be definitely sscrbed to his
exposure to tremolite or anthophylite.
Of the 10 individusis who died rom
respirstory system cancer. 3 had
sseviously worked {oc ether New York

(ate tale companies.

NIOSH investgators also addressed
the patential confounding effects of
cita-vite smoking In their opinion. &
cohort ¢f hesvy smakers wauld have no
mere than & (9% increase in lung cancer
nisk i relation to oil US. white males.
Because they ebscrved & grester
increase in lung cancgr risk. atmest 8 3
fold risk they jdged that cigarette
smoking was wniikaly 18 aceount far the
observed excere l::, cancer risk emang
these ialc miners nillers exposed te
asbestes. The aress-sectisnsl morbidity

R peevalence of sragking. 8
valcnce sumiler 0 that of US. males.
rewn. Dement. end Wagoner stated
that “exposures 10 asbestiforrs tremolite
and anthophyllite stand sut as the prime
suspected ctrolope factors™ assotiat
with e abscrved excass rishs of lung

cancer gnd resmrrutory disease. They
cnngluded that "exposurve (o tulex from
the Uous emeyr mining aree are
associated with an increased risk of
bronehogenic cancer and non.mulignant
diseuses of the respiratory system” (Fx.
b=181). .

As meesured By opticsi Ticroscany.
sverage air concantrations of fibers
sreuter then § um in length ranged from
17 f/ce to 8.8 {/ce ae an $-hour ume-
weighied sverage for ¢ dilTerent job
titles 1n the mine. [n the m:ll. sverage air
canceatrauons for such fibers ranged
{rom 1.5 {/c2 t0 8.6 [/ce as an & how
tme-waighled sverage for 18 di{ferent
fob titles. (Ex. M4=181, pp. 7-10L

In sdd.tica to the excass morality
froms lung cancer and nen-malignant
respirsiory discase observed by
Kisinfald st al. and Brewn gt ai..
asmerous studies of tale minare and
sulers exposed (o asbestas contauned In
tales bave established thut these
warkers have o kigh prevalence of
pleurs! thickeaing. plaursi calgification.
decrements in puimonary fuacdon. and
fibrosing lung disease (Dreessen. 1333
Dreessen and Dalls Valle. 1938; Siegel at
ala 142 7~ - ¢ and Durkan. 1888;
Messite ot ol 1958 Klsinfaid et al. 1963,
1964, 1964. 1964, 1983, 1908, 1973;
Meurman st al. 3187¢: Kiviluote et ol
1984: Ahimen et al. 1072 Porro ot ol
1942 Ex. 34=141). Many of these studies
were conducted in the same geographic
ares 8s the studias by Brown et al and
Kleinfeld ot ol.

A cross-sectional morbidity study of
the same company whoss mortality
uﬁon’cm was studied by Brown aad
coliesgues was performed by N1IOSH
investigators (Camble. Fellner. and
DeMeo. Ex. 4= .}. As discussed
shove. NIQSH considered that this
campany’'s work{orce was expased to
asbestos contained within tale. NIOSH
ebserved markers 67 asbestos expesure
in the lungs of thase workers in sddition

__to respiretery

syraptems and
function decraments. Of 154 maie ainers
snd millers. 121 participsted in the
survey. Respiratory questionnaires.
chest X-rays, «nd spirometric tesung
were sdministered (0 perticipating
workers. Comparison of respuretory
morbidily was made te 9347 ceal miners,
1087 potash runers. chrysotle ssbestos
workers and synthetic wool textile
workers. OSHA considers thet oae of
the major srrengths of Camble st al's
ess-sections| morbidity study was the
choice of camperison populations.
Becsuse aiar e’ and potash miners
are likely 10 be similar in many fon.
occupsationsl factoes that may alfect
respiratory mordidity, the likelihood of
ebserved dilTerences in respirutory
merbidity being due to specifie

.

worl place crposures of the tuic warien
ruther than other mek fietars for wing
discine is goatly increqsed.
Comperisons with the goal and putasch
munces were sizatified by sge. hewgnt.
amoking s(atus. and duration eof ‘
employment in mining. .
Compared o coal mincrs and potash
miners. ae tale workers with o
previous oceupationul esposure within

. other teic mines and mulls hod

statistically significant inereases in
pleurs] thickening and ¢ higher
tm-uloaee of pleurs! calaficauon.
Vhen all talc workers ware combined
wthout regard to previous eccupstional
c:pelu: ‘?\1 1sie. increused prevalences
of cough. phlegm production. dyspnes.
pkunf thickeniag. plsural mayr.fmm
ead irregular cpecities ca the X-ruys
were observed in talc workers
camparsd 1o sae or both zuaing control

goups.

In addition. talc workers had
significantly decreased pulmonary
functioa (FEVY sad FVC). Decreased
lung function was sssociated with
{ncressed cumulative exposures and

. lengths of exposure.

Tale warkers had s simuiar pravaience
of respirstory symptoms when
compared 1o chrysetile asbestos
waorkars and s much higher prevaience
of symptoms whea compared to
1ynthatic wool textile workers. in
canaest pleural thickening was four
limes as common ia talc workers
compared to the chryaotile workers.
Smoking was not faund 1o be sssociated
with the observed radiographic changes
in talc workers.

Regarding theiz studies of merbidaty
end mortaiity of workers exposed to e
containing ssbestos, NIOSH conciuded:

*A therough review of the evailadie
literature demonsuated that Sadings of the
’ dies Sre (11 aQe t with theee
of other studies of secupalienal greups
CXPesed |8 (he IAME OF UMUAL JUNETSIS 8T
ninersl miztures. Thas s sspeciaily true foe
eccupational exposures te anthashytlite
ssheties. These findiags meke tt unpersuve
hat werkers frem the mine snd miil studied
harein, be reunnety ehoarved uning medical
wryailisnce entens established 1n the OKHA
and MSHA sshesiue stasdurd. Furthermare,
all provisens of these standards shouid be
{ollswed durng the preducuun and
aubstquent use of iaese Wlcs” (Ex 84=181.p.
.

Stille snd Tebershaw (Ex. 04=19G] of
Tabershew Occupational Medicine
Asseciates studied sll male workers
employed someume dunng 1948-1477 8t
the tule mune and mill studied By
NIOSIL A toeal of 708 men were e¢hgible
foe the study. and vita! status as of
Decamber 12 18978 wes ascertained for
€72 of the men. Of the 708 men. $3
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workers were excluded becuuse of lyek
of \n{armurian an specific vanabies.
lesving o cunon of 838 for anaiysis.
Comparisen was made tu age. c3lendar
penod. and cause-specific mortality
rates of L.G. white males. .
Foe the overail cohery excesses in
mortality that were nettatishizally
significant were sbservad for lyng
cancar and noa-malignant r<spirstory
disesse. Stille and Tabershaw judged
that the soa-significant excess of lung
cancer was "consistent with § gmoking
e{Tect” rather than an ¢fTect from
?’cdaw exposure (Ex. =106 .

! .

$tille and Tabershaw aise separstely
anelyzed the morslity of the tale
woekers with 8 history of any werk
expencnce before employment ot the
study ming and suil. This prier work
sxpenence included sl Lm'im fobs.
not anly jobs at other ale mines snd
mills. For this subcohort of 540 white
meies. mortglity from the {ollowing
causes of desth was significantly
clevatad: all cancers (SMR = 182), liver
cancer (SMR « 1013}, respuratary systam
esncer (SMR @ 228). lymphopeietic
cancer (SMR = 374}, and nan-malignant
respustory disesses (SMRw 307). Stillg
and Tabershaw stated: “Since the
cancers and lung diseases typically bave
long latencies. tha mmhiliz.m'm that
expesures prioe 19 werk at the TMX
study mine and mll were respensible
for at lenst some of these disenses” (Ex.
84-198. p. €42).

When the mortality of the subcohoet
with R0 work experi peioe (@
employment st the study mine and mil)
was anstyzed. ne causes of death wers
is excass, In fact. the SMR for sil causes
wae significantly decressed [SMR =50).
As would be expecind. this cohort waa

raily  ager than the cohort which

ad previous work sapenence. Stills
and Tabershaw charsctenzed these
findings ss lallaws: (1) "Warkars wilh
‘esciusive’ T™MX [siudy mine and mill}
employment seem to be st ne
considersbie nsk of having lung cancer
deveios™ snd (2] “exposures 8t TMX
saem 10 be noncaranogenic” (Ex. M=
196, 9. 403).

Brown, u-ums.‘,nd Dement of
NIOSH commented ¢n Stills snd
Tabershaw's study (Ex. 84-218. 5. 178
Ex. 84=231}, lisung seversi probiems ia
tha analyus by Stille sad Tubershaw
that coeld account for the dilferent
coociusions of the twe sets of
investigators. First, $tille and
Tabershaw {uiled te anslyse mortality
by length of fellewup latancy intervail
Brown et sl theught such an analysis
was particylarly imporant given that
recanily hired worhers were allowed 10
entes the cohort 48 ldte s one yesr

before the study cut-ofl data foe vitul
statug detgrauntalion.

Second. Brown 1 8l commented thuit
Sulle and Tabershaw's division of the
study group into subcohoms with end
withaut wark experience pnot 1o ther
employment ot the srudy fearlity
resulled nt “selechion Digsss :nherent in
the definstion of the subeshorts™ (Fx. 84
218 p. 179). The selection bisses which
landed ! lessen the statistical powsr of
the subcohom without previogs work
axpenenca inciuded the short length of
followup. shart durstions of expasure,
and smal! size of the subcohort Srotvn
ot sl slated: “Any morality anaiysis
based on such s small cohort with
generuly short latency is not likely to be
vc% informstive” (Ex S4=218 p. 178).

ird. Brown ¢t ol enticized Stlle
snd Tabershaw's anaiyses concerning
the duration of employment of the lung
cancer cases. These enalyses examined
the ohsarved lung sancer deaths without
calculating the expected aumber of
deaths for each latancy catagory and
duration of emplayment at:gofy. i
sddition. Brown #t oi. painted oat that
Sulle and Tebershaw's conciusions had
9ot sdequately scknowledged that many
cmdr facility workers had beea
ampleyed by neigh.doring uls
campanies with exposures sunilas te
those of the study facility.

Beows ot ol concluded thet Stille and
Tabershaw's report did not adequately
eddress e question of increasad lung
cancer risk from werking at the study
{acslity. ln additien to the poiny

‘disecssed sheve. NIOSH alse

commaented that desth certificates
sheuld have been ceded sceording to
the rules of the ICDA in effect ot the
time of death and then converied to0
either the 7th ar 8th renision of the ICDA
for ansiysis. rath: 'han coding the
deaths directly ta the 8th revision.
NIOSH sieo hed qustions concarning
the 53 workers eininated from the
cohort and how workers lost te follows
p were trasted in the analysis.
Tabershaw and Thompson responded
19 the NIOSH entique with the following
commants (Ex. $4=218). First. they cited
mineral saeatisig and laboretones who
disagreed wits NIOSI!'s mathod of
identifying ssbestos in silicale minersl
mixturss and whe did not find
ugnificant ssbestes cancentrations in
the tale processed st the mine and mull,
Socond. they stated that talc ore at the
study facality wes not simdar to that of
other taic mines of upstate New York.
Third. Tabershsw end Thoampson
reiterslad that many of the lung cancer
dasths oceurred 1n short-tarm workery
employed ot less than one yess. In theis
opiniun, this lessened the Likelihood of
\he lung cancers daing attnbutabie (o

sccupational #xdature 1t the siudy
plan). Tabershaw and Thomasen siso
panted oul that only ome 13.c muler
deveioped lung cancer. despite the
histonicaily higher exposures of tale
aullers. It conclusian. Tebersnaw end s
Thompson stated that applreation of the
asbestas standard (0 the Vandertilt
werk{otcs was unwarranted baged ou
Surrent evidencs.

OSHA calculated & statistical pewer
of 20% to detect ¢ $O% increass in nsk of
luag cancer in Stille sad Tabershaw'y
subcohort of workers mth 80 previeus
werk expenence. (See Ex. 84338 {or o
description of haw OSI{A caiculated
statistical power.) OSHA considers thet
this very low statistical poiver supperts
NIOSI{'s eriucism of the sensitivity of
Stille and Tabershaw's study dusiqn
The statisticsl power weuld have been
eves Jower if it had been calculated {or
the group of workers with st lesst 2
years of lstency.

As discussed earfier. crass-cohert
compenson mey be problemauc if the
age distributions, durstions of exposure.
and langths of follow-up differ amosg
the cohorts being compared. OSHA
believes that Uus eppears te be the case
with TOMA's companson of the
subcshorts with and without previous
werk experiencs.

Sevarel points are notable with regard
te the question of the shert-term
warkers whe developed lung cancet.
First, short dusanons ef exposurs may
result {a high cumulative doses
depending upen the intensity of the
exposure. Second. the phenomencn of
short-term asbastos exposure and
subsequant diseass sas been observed
{n other epidemiolegic siudies. Third. of
the majonty of person-years-af-nsk -~
were cantnbuted by short-term workers.
the. finding most of e lung cancer
deaths among these workers would aot
be unveual. Alsc. Tabershaw and
Thompson did aot dissuss the expecied
numbar of lung cancer degths when they
mennoned the single lung cancer death
among the siudy facihity talc miliers.

In 1843, Consulitants in Fpidemiclogy
end Occupatianal Heahih (CEOH!)
prepared anather snalys:s of the
montality of Stulle and Tabershaw’s
study cohort (Ex. $4-257). NIOSH
reviewed CEQH's snalyns and stated:

“Although the findings of these
analyses appear 1o support ther
|CEQI{'s| hvpothess that the talc is
aen-carcinogenie. the resulting

statistical anaiysas are based on
assumplians. smiail numbers. sad shot
latency. Therelare. the CEO!
conclusions are based on analyses that
are inherently deficient i beng alle 10
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detect & rue nsk 18 80 exposed
popuiation” (Ex. 84374 p. 3}

Smuth, Hubert Souvcl. and Marquet
{Ex. $4=194} ttudied health effects of tale

contain:ng ssbesies a jydorstory
sanumais. Smunh of al adunisiered
intrapieursl injections ¢ ¢ different

wemelihic substances ullo humsters.
including (ireus temalitic ik from
New York state. wemolile prepared from
wrermohitic wlc soe of the fuality studied
by NIOSH. e molile prepared from
western US Gemolitic talc ore. and
assbestiform Temolite. Peniods of
observation ranged [reru 330 days lo $00
days sitef injecuon. Tumoss sad pleursl
fbrosis were oLserved oniy in erimais
mjected with asbest.form tremolite sad
tremelite prepared from westers US.
tremolitic talc ore. Smith ¢t ol fouad
thsi the sacples of asbestifoem
temolite had greater proporuons of long
thin Gbers than the sampie of Gemolite
from the facility studied by NIOSH. |

The sampie of (idrous wremalitic tale
from New York state slso sortuned
fong thir fibess and Smith st el
suggested that tse aegative results froem
this parncalar sample were dus ta its
much lower Semaolite content relative to
the carc:notenic samples. Snich et sl
suggested that the sampis of Temolite
from the lecrlity studied by NIOSH nay
have failed 1o inducs tumors becawse of
the shorter length of its fibers. despite
{ts Righ Temolite cantent. Commenting
oa theie resuits and on the fact that the
carcinogenic samples coataired
material other than remelice. Smuth ot
al. stated:

= ¢ ¢ wycannet ke ture 5t thew
activity 8 due waally. 0T svez 1 pant te
trerrglite * * * conmderelion Bust be gnen
ast merely to the amcun: of memaling. but
olse t9 cther [actors. such as Uhe Berpholotie
g:ncm-.ma «f e muneral’ (Ex. Se=184.

)

OSHA consider that interpratation of
Smith et 0l.'s findings is limited by the
small aumber of ammalis studied. short
survival imes. and short penods of
chservation.

In summary. OSHA coneludes that
NIQSH studies have shewn that
exposute (0 8sdestys whes it i3 preseat
in talc sppears to have resulted in
excess mortalily frem lung caccer and
aon-wmalignard respiratecy disease sad
excees risk of ticheaing sad
lung functien OSliA is
cognisant of the (aes that tale muning
sad milling in the sUsence of aslestos
axpastse n resull in preumoconionis
Fumbarmore. NIOSIT's fiadings 08
morteiity are connisteat with theva of
Kleinfuld st al. Kivileats ot ul
Numminen ¢t ol aed Yaxmufc stal.
PIOSH s mocbndity finhings are

contwtent with thase ol numerovs olher
sudies. OSI{A believes thut (he
*pcdemiologic study of the Lilc company
eenducted by Sulle and Taberrhuw of
Tabersnaw Ccoupalional Medicine
Associaies has senous limatations such
that it does aot refute the Ryputhes:s
that talc contyining ssbestos poses 8
lung cancer hazard 19 evposed worxers.
Smith qt gL's expenmental study
observed positive findings of
tumongenicity (or ssbesuiorm wle and
noa-positir « findings for the tale from
the {scility studied by NIOSH. however.
CSHA thinks that limitations of Squth ot
al.’s study readaee its (indings
tncancdusn ¢ for tale (rom the facdity
siudisd by NIOSIL laeay event the .
pesitive buman findings outwegh the
aon-pesitive snimai tindiags. Talcs
centaining asvvs'0s misersis. therefore,
sppear 10 pose & significant heaith rish
te axg.osed worksrs and tals werkers

e possd W eabestos sheuld recmve the
protection alfurded by the asbesios
standard OSHA notes that the Lroader
issue a3 1o which mineral fibers arw to
Se iaciuded in the definition of ssbesios
wll be part of the rulemaking for the
permansat sard2rd. Thus ETS action
does not change the definition of
ashes:os es found ia 1910.1008.

& Summnary. The evidencs presently
belore the Ageney ndicates thatall
ssbaatos fiber types. except fee
anthephyllite. cause lung caacer,
mesothelioma. and usbestons.
Anhophy'lite causes luag cancer und
asbestosis. Mesathelioma has oot dem
b 4 in anthephviite workers. .

‘o lung cancer. OSHA notes that
incorsistent and inconciusive findings
wath regard 10 difTerential risk by {iber
type heve been abserved by dlferent  *
trreatgatosn. Sume studies bave
observed W same o0 Righet iung cancat
nsk 1n chrysott's wetkers compated 10
workers expased 10 amphiels fibers:
othe? studies abserve lower nui of lung
cancer in chrysotie werhers. For
exsmpie. high respurstory eaneer nisk
was ehsernt d by Dement and colleagues
ameng chrvsatile tecule workers. As
cdiscusand Ly CHAPN, conaustent patterns
of highet lung cuncer rak by hler type

did net emarge. Wik seme exceplions.

wtvestigators generully failed 10 eonrol
foe varisbies ailvcnung lung cancee nak
when companag the morulity of
different eccupauanal cohons. Ameng
the tmportant deternuinants of lung
cancer niah, which waere net consisiently
csntruiied for, are fiber cuntentzation,
lungth of suserveticn. and age
distnbution. )
OSi LA views evideace for dilforential

mesotheliomy neh by [ber type 3
sugnesiive yot agt cunclusive.

, Octupationsi cahens exposed to

crocidoiite and 8 Mosite appear 1o Auve
hud & hrghtr DTGPOrLUA o] deaths from
tesothelioma. particulinty peritoneal
megotheiioms, compsred (0
occupehenai cohorts exposed 1o
chrysotile. Nonetheless. QSHA & unyfie
to characiense tas evidunce as .
conciusive becIuse most LnvestigJtors
‘atled W conwroi for Lber concgn-runon.
length of observation. sad age
distribution when making croes-cohort
comparisons of mortality [rom
Mesothshiomas. Controlling for lengra of
observeten is particulstly umpaortsat
because mesothclioma ssuully hes 5
latency penod of 30 years or more and
the risk rises sxponentially with
(nereasiag ume since injual exposurs.

Lung cuncar is the major cause of
isbestos-induced eccupationsi
Borwlity. Mesotheliome and aebestosic
slso are significant esuses of excess
noctaiity emong asbestos workers.
OSIA has conciuded that there 15 &
grave mak for lung cancer and sslestosis
smong workers exposed (o all ssbestos
fiber types and that workers nesd 1o be
pre‘eciud {rom these risks by Wis ETS.
which sets the lowest PE, that 18
feanible at this ume. As & practical
regulatory endpeint. thesefore. it is
lncassequeatial weether the
masothelioma risk is goeater [oc certain
Bber types than for ether types.

Experimental studies of animals have
found that chrysotfe is as least as
potent § earginogen as other ssbestes
fider typee. One study found that
chrysotile was mere carcinegenic than
sther ssbestos fibers when edmunistered
by inhglation. Many experirgen:tal
studics Lave reparted that fider
dunension s & very important
desrminant -7 ~azcinogemeity
laboratory an.mals. I'ibers lenger than ¢
mictometers (um} and wrth diameters of
1.3 em or lesa have been implicated as
the most carcinogenic fibers. A vaniety
of different natursl and .Fm‘“‘
subs:ances haviag fibers longer than &
wm with widtbs of 1.5 um or less have
induced cancers vig implintstion
lsbetstery srumals. suggesting that the
chemcsal properties of aaoestus (such a3
fiber type) and ran-asbestos lbers may
nat affect carcincgenicity Sut that Niber
dimensions oy determune
carsinogcnaicity. Thus. 1a OSHA'S view.
saimal stydies do net suportihe
hypethesie that there are diffarences in
carcinogenic potoncy among the verious
fibwr types.

Fiber types may differ with regard to
the fincness of fibers used in ndustrial
procasses. Finer fibers myy be maee
garcniogenic. uccording 1o «nimal
studics. and croc:dolite uppears to e
divided more reudily into fine fibers
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then other asdestos fiber types. Aisa,
manulsciunng processes myy bereak
Fibers epart to generate {iders thinnar in
dismeter han those {ound ia the muung
and miiling pracesses.

NIOSH scentists (B own. Dement,
snd Wagoner) observid excessive
mortality from lung cancer 2ad none
mslignant respiratory disease among
workers 11 0ne plant exposed to tale
eantainiag tadestas. A mordidity survey
of the same plant found increased nek of
pleurs! Buckening and lung function
decrements. NIOSIH{ conciuded that
increased nsh of lung cancer aad none
malignent respiratery diseese was
apparent {n workers exposed (o tale
containing asbes:os. Keinfeld and
colleagues also observed excess lung
carncer and respiratery disease morality
emong workers exposed (o tale
containing asbestos. and numarows
merbidity surveys have documented
reap:ratory disease excasaes amang walc
suners snd mullers exposed te asbestos.
Sulle ead Tabershaw conducted @ study
which they interpreted s coaradicting
NIOSH's findings tagarding excassive
mortality among talc workers exposed
to asbestos. Slle and Tabershaw's
study had sericus methodologic
limitations such that NIOSI{'s
eonclusions sull appear to be valid
While not all taic products esatain
ssbestos. OSHA finds that when
ssbestos misersis are contzined ia lale
preducts, there appears 1o be 8 beaith

" tisk te exposed workers.

Precticsl administrative
sonsiderations alse ave pertinent to the
questien of making reqguiatary
distinctians dy fiber type. Several types
of asLestes may be present in the same
workpirce, 88 '~ *he case {or insulstien.
ereating considerable messursment
duliculties. Determuining ssbestos type(s)
withitt each warnplace sught complicate
compliance end exposure monitering.
Hewever. OSHA 15 ewate that the
United Kingdam has been able to
evercome such complicstions.

la sumary. OSHA cuneludes that en
the basis of the emdemieiope snd
experimental studies revigwed sbove. it
{s not spproprate at e time te make
distinzuons bry fibér type fer regulatery
purposes. Aczordiagly, quantitatve
angiyses of nsh should base estnates
of gxcess risk oo aslentos fibern as a
wiote rathee thaa on separste fiber
types. Previsgas of OSIA'e standard foe
sthastos. ariuding the peraussible
exposurc limit. shuuld slso be he same
for all cummetically esed sabestes fibar

types.
F. Conclunians

AsLosiue Duses 8 grave dangier o the -

Realth of expuwed warkers. having

caused gxceseamorality end disubility
in eprdemic proportions aMONg tome
gruues of exposed warhers. Asbestos
Sauses non-malignant respiratory ,
disesse. which can result in compiets
disability and desih. Asbestos aiso
causes ralignant mesotheliama. which

is uaually rapidly [atal. and lung cancer.

which 15 usually fetsl. The ca

relanonship botween esbesios exposute

and disesse has been sstablished by
nuititude of spidemiologic studies
eanducted throughout the worid,
including the Unuted $:ates. Uaitad
Kingdom. Canads. Australis. Italy. snd

Finland. Furthermore. asbestos h3s been

shown te csuse excese disease ia nany
difTerent occupational environrments,
starung with sua.ag and milling of
asbesias and contn te csuse
disease in various menlactunag
procesaes such 80 asbestos textile
producien and asbestos cament
produciion. Asbestos slso has been
showan o be exiremisly hazardous when
used as & product by insulation wotkers

~and shipbuilding workers. Numaross

scientdic orgenizations aad ageacies
have reviewed the healtk dats for
asbessos and have conciuded that
asbestos eXPOSUIN c3uses lung cancer
messthelioma. and asbestnsis.

To determine the potentizi of 3
Matardous agent ta cause disease at low
exposures. OSHA Sas exanmined the
resuits of studias of weckers receiving
low exposures. whate such studies are
avausbie end have sufficient sensitivity
to detect excess nak of disease. OSHA
has aiso attempied to predict risk at low
expesures (rom risk obsarved st high
sxposures by using dose-exrapolation
modais (see section V). Both of these
methods of svaluating risk at law
exposurss sre vahid.

Studies are not sveiiabie of workers
expossd solely 19 asbestos levels ol 21/
e which have sufliciant cohert sise and
long ensugh lollew-up periods to permit
ebsarvation of meresses in cancer snd
lung diseass moreality. Studics are
svaiadie - workers with low
cumuistive exgorares 10 asbestes.
however. Workers expesed 50 yeurs to
the OSHA FEL of 2 f/cc would have s

cumuistive exposure of 100 [/ce-yeare,

Hence. studies of worhers with
cumulative exposures ciase 1e or Lelow

100 f/cc-years pravide some avidence of

risk frora warkuag lifetime exposures te
OSHA's PEL Studies finding adverse

Yulaon,ary efTects or excetsive mortality

rom lung diseesa from expasure cioss
te of beluiv 100 {/ce-yeurs were

. condueted oy Berry et ¢l McDonald ot

al. Demunt ot al. Barry end Newlouse,
and Finkslstein, Dement ¢t al.
Finkelsicin end blenderson snd

Enteriine olse observed eacess Mmortulity

fram lung cancer amang warkery
recaiving relalively low cumylatine
exposures. Weill et al. and MceDonsid et
ol. did net adserve nerensed lung
cancer moridiity among workers
tecarving relatively low cumytauve
exposures. Despite some inconsisiencics
in findings regarding risk from iow
curaulative expesures. OSHA cons.dery
that the nany weil-conducted studies
which obeerved substanually increased
risk of machidity and mortality ameng
worikar tecsiviog low cumuliative
exposurds ers evridence of eignificant
hazard at exposures allowed by the
evisting PEL Section V. Quantiative
Xtk Anelysis. will discuss predicred
risk {rom exposure 10 OSHA s PEL.

A aumber of iavestigators have
sugaested that diferent fiber types of
asbestos have differences 1 their ability
1o induce mesothelioms. Specifically.
crocidsiite has been Aypothesized 10 be
the most hazardous type of esbestos
because of suggestive svideacs that
(ndicates that the mesothelioma risk
a3y be higher lor arocidolits exposure
than for sther ashestes types. All
commercially vsed Giber types have
induced lung cancer. mesothelioma. snd
asbestosis in exposed workers. except
{or anthophyilits, which has induced
lung cencer aad esbestonis. OSHA
regards svidence for differcasiais by
fiber type in lung cancer risk sad
ssbestoels risk as being inconclusive
and inconsisient. However. evidsnce {or
fiber ype dilferentials in risk with
regard (v inductien of masothelioms.
panicularly pentoneal mesothelioma.
sypears te be mace connstent based on
epidemiologic studies of occupatiznal
cahoets exposad to different fher types.
Because variables that afTect the
seasitivity of studies for detection of
nieh of mesothelioms have not been
contreiied {or by mest investgators
companng different occupenonal
coheris. OSHA views the evadencs (or
fiber type dilferentinls (a mesothelioma
risk a8 incetciusive. Ameng the
vanables that influence the eppesrance
of masethelioma sre length of
ebasrvetion. durstion of exposure. fiber
concentrstien. and sge distnbution.

1t is possible that mesothelioms risk
may be bigher {ram exposure 2 liner
fibars. and thet operations using
crecidolite may tend te break fibers
apert 10 maks theh more earincgente.
Siudies i laberstory emimais have not
cunsistzndy ebsarved dilferenual nsx
by (ibet type with regsrd to wnduction of
puimonary fibrosis snd cancers: in fact,
some studies in animals have found
chrysotie lo be the most caraincgente
smang the vanoss ssbestos [ibers

tested
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tung cancer '8 the maar cause of
athestrsarnsucioted ocrupatian, il
mortality The very high nsk of lung
cancget (rom exposure (e 2l Jsbestas
fider types supports chgouing the same
PFL for sl Aber types.

Several epilemiologie studies.
refuding ene performed by NIOSIL
have found thet workers exgoscil 19 tale
cantaiuag aabestos have excess
mortulity bom lung cancer and nun-
maligand respirstary disease. Masy
other studies have observed excess
morbiddy froa: respiratery discasa
chest X-ray abnormaiitics end lung
function decrements smong such
workers. One aon-positive study
canduciad by Sulle end Tubesshaw of
tale workers huy methodelogic
Umitauons such that it does not refute
studies fiading excess mortality smong

‘workers exposed (o Wle conlaimng
asbeston

A nuzber of studies n laberatoey
smumals have imphiested long thin
asbestos fibers in the stiology of cancer
snd lung fibrosis. Stanton ot al. found
that fibers grestar than ¢ um in length
end 1.5 u® or less in diameter were whe
most! carcinogenic however. QSHA
believes that Stanton et el.'s studies do
not sxclude (e possibility of
carcinopenicity of fibery shorter o
thuker than these dimensioss.

At leest 12 studies have observed
sxcass nantslity {rom gestroiatestinul
cancer (stomach. esop=agus. colon and
rectum) acong asbestos expascd
warkers. 7 of which found statistically
significant excesscs. Qihier cancer sites
bave ol3o becn observed to be increased
by dilfereat invr - igators. OSHA
believes that the pesitive humsn studies
finding gasiruintestitel cancer excesses
outwaeign the non-positive 3nd equivocal
arumal studies of ingested ssbestas. as
wall 88 the noa-posiuve human studies.
Therefore. OSHA concludes that excess
monality from gaswontestinal cuncer
shou:id Le inciuded in quaatitative nsk
unulyses for asbeston.

Clearetie smoke and asbestos have s
mwtuplicative {syndrgistic) effect with
tegard to preduction of lung cancer.
Asbestosis alse might be increased in
cigurete smoking asbestos worhars
reistive @ non-emehing ashesios
workers OSHA is aat aware of any
ovidanes for an eilect of cigarrite
unnking ea inducton of mesathelinmus
or gasicointentinel malignuncics smoag
asheeing wechern. ) lammond et al.
found that beth amolang and non-
smuking aslieatas inntlation warlees
Al relative nsks for lung ennder of
alnmt 8, ¢

V. Quanatatis e Risk Analyws

A lntmduciun

As maplained 3bove. OSHA'
determination that currently exnesed
waorkers face a grave ne of ushetos-

related discase 1o prmaniy hascd on the

resultg of quantitanive rish asscssment
performed by the Agency. The procsss
of ssseaning the nisk {rum ssbestos
expogure inciudes several steps. OSHA
has entically evalueted the saeanfic
evidence concerning the hualth nsk [rum

- asbesios exposure. OSIL\. as weil s

other scienufic groups. believes that
asbesics cxposure causes lung disease.
resprutory cancer. mesourehioma. and
gasiroiniesunal cancar. OSHA has also
examingd (and dissussed ia the sacuon
entitled Epidemiologic Evidance on Risk
[rem Exposures &t it the PEL
Section [V B.] evidence that indicates
that excess disease risk has been
observed ot CuwBLisUVE EAPOSUres &8¢ o
belaw those persuited by the exisung
OSKHA &hour permisnible expesure
limit In addition. QSi[A hao made rsk
estimates of excess mortality {rem lung
cancer. mesothelioms. gastroiniestingl
cancer and incadence of asbestosis using
mathemstical modals that desenbe the
data obsarved in epridemiologic studics

* conducted in various ndusmal

- pepulations.

In many cases the elevated risks seen
in worker populations reflect past
exposures thet were higher than those
permiticd today. OSHA's quantitative
nsk asscssment entauls using the
directly observed risks from these past
exposures to estimate risk at lower
exposure levels. OSHA bellevas this is o
sciennlically o -propnate snd vaiid
procedure. In some instaness. OSHA
esumated risks vsing studics which
sctuaily olse. e nsks at o below
cumulative exposures permitied by the
currant standard. The range of sivdies
covers many diffarent work situations
snd exposure levais upun which to base
the extrapelut.ons. Whoee possibie.
OSHA hus quuntified the runges of
untarianties in the estimates. These
nutiencal cstimates. 83 well as those
rishs observed at low gxpaosures. ware
evalusted ta deternune the sigrificance

- of the rish and to determine whether the
standucd will leud to a substunual
reduction n nsk.

The ssutions below pravide 8 brief
svaopus of OSHA'S quuatitauve nsk
catimuiles denved from mathematicul
maddels. A mure detailed deseripton of
OSHA'S calculations [oc ashesto.
reluted Laneers s 1 the pulie dorkat

+ ang s svailabie upon rquest (Fx. M
my

.

-

8 Oovs.Neepunse Mode! ryr Lune
Cuncer

Dose-response information for fung
Cancer based on the epruemioion el
studies ndicaies that the sk of
a<besies-induced lung cancer ineresscs
lineurly with duse. Therefare. OSIIA
believes it 18 appraprate te use ¢
muthematical mode! whieh sssumes that
the excass risk i linearly propornonas!
10 dese to esumate the excrss mortalily
which (s sssocisted wrth asbestos
axposure. This excess risk s expressed
81 the number of additions! lung cancer
deaths per 1000 workers exposed for o
specific ume period. Excess nsk equais
the cumulative dose muitipiied by a
potency coefficient [slupe of the dose-
response curve) estimated from the
studies. (Note: Total dose. siso referred
to as cumulative exposure or cumuistive

dose. is a8 measure of the smount of
asbeetos inhaled: it Is the produc! of the
durstion of exposure {in vesars} and the
intensity of exposurs (which 13
workplece sir concentration 1a mppcf or
fibers/ce). Under thig definition of
eXpasure. & person axpased 10 sirbormne
asbestos st 2 fibees/ce for 20 years 140
fibers/cc-years) has the same total doss
88 8 person who (s expased (0 asdestos
at 4 fibers/ce for 10 yrars (40 fibers/sc:
yearsil.

Evidence of the linear dose-response
relationshup for lung cancer is found &
seversl wel ed epidemiolope
studies that exasmined luag csacer
mortality (8 relstion to the cumulative
asbestos exposure 1a the workplace (for
exsmple. Henderson and Eaterhre. 1970,
Ex. 84=48: Liddeli et al. 1977, Ea $4=33:
and Dement et al. 1982, Ex. 84-32). 1n
the three studies cited sbove. workpiace
ssbesios aIr cancenirstians were
avaiiabic from messurements made
the worksite studied. Although the
studies diffar 1n the magmitude of the
rsk found (discusied later in e
section). all three demonstrate s Linear
relstionshep over the eatwrs range of
observauon.

Other scientists and sasnufic grouns
who have atiempied 10 ssumate nsk
fram asbestos exposure have uied the
lingusr medel for lung cancer (Crymp. Ex.
83=22 Bntish Advisory Commuttee on
Asbastos. Ex. 84210, Acheson snd
Cardnagr. Bx. 84243, Selhofl Ex. 82-2,
EPA. Ex. 54=180, CHAP. Ex. 84-2581. The
modc! is grneraily sccepted ang OSHIA
belicves use of the linear mudei for
predicting lung cancer due to nsbesios
exposure is reasonuble and weil-

suppanted.

Retutive risk is defined as the mto of
the martality rate of cxposed prrsuny to
the mortnlity rste of squivalent non-
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exposed persons. Relative nsk 1s
{requently spproxumaixd by the
stancaedized mortaliy rgue (SMR),
which i3 the cbserved number of dasths

in the exposed popuia@pn divnded by
the number of deatds Pat wouid de
1
Taag 18,

txpecied in the axzosed population. The
number of expected deaths is usuuily
derived {rom the specilic age. scx. and
calendar year mortality rates a the
companson population.

Rooap 1ok s tra 0 (i)

(lL/lc)ol U LACR TORY: (tq. 2)

Based upon the cansiderations luted
sbove and on (he data. the relgtine msa
mode! used by OSHA 1 psacening the
nik of deveioping lung eancer from
43bestos exposure 1 deserived by thg
foliowing equatien:

where 'L s the lung cancer mortalily resulting (roa the npestos

epoture, 't 11 the eapectes mortaiity 18 Cthe asence of exgosure,

f 15 tA¢ intansity ef ezpoture 1n (10€rs/5C, @ 15 TAe durdtlion of

. eapeture in yeers, t

it the lime

from tna ontet of NE esdettos

sapesure 1A years (Btaut 10 years %6 sliew fer 4 mntae atent

oarioe) ane ‘L 18 the preportionsiity constant tnat 13 & neasure

of the carcinagenic potdncy of the 430€3%as 2npeture (tleoe of tre

0038-PLLPQRIE Curve ).
of taig aoael, see £x. $4-)92).

oach fivaeyotr 048 ‘atervail;

(Fer 1 scee cetilleg rationaie for the cholce
Tats cafculatron was mfor_ln for

the overail lung cancer rish 19 tAen

Ccomputeg 45 AR tus of AR PISES IR QICA of Ine five-yedr intarvais

tren 4ge 2% to 3¢ 70.

The concapt of direct propertianality
of tbe nsa of tuns cancer 1o the dose can
be demonstreted wath & simple example.
Using Eaustion 2 if dees @ mcreased by
o facior of three. such 43 ncreasing the
duration of exposurs from twe yesrs
six years. the sxcess reiatve nak (R
Ri)= 1] nsk increases by & (3ctar of
thrve. Also. reducing dose by reducing
air concentrations, such as from ¢ fiber/
cc te 1 fiber/ce. raduces the gxcesn
relatsve nsk by o lectae of four. {1
should be nuted that the esumates of
risk given in Tebles 10 8nd 11 are
est:mates of encass rish, net sxcess
relotve risk. Therefory. ditect
onality of dose and nak as
described shuve Moy not be shaerved.
Furthar sxplanstien i pven i Secuion
E]

C Donc-Response Makd foe -
Mesothelioma

OSHHA brfiercs thut the nsk of

mesotheliuua is best rstimuiqd By an

absolute risk model Absolute risk is
calculated as (oo .erved desths/pertone
years ot risk). Uce of SMR's oe relative
nsk is not approoriate {or mesothelioms
because the expacted number of deaths
in & cohert would be close to sero due to
the rarity of the diseass. {a sddition 10
wsing alsolute risk rather than relative
risk. this medet is different from that
used for lung cancer becsuse both
durstion of ume since initial exposure
snd duration of expesure are
determinative risk. The magnitade of the
risk increases lineatly with intensity of
exposure, whareas the nsk incresses
expouentislly with duestion of exposure
and time {rom anset of exposure.

“The rationale {or such & madel fee
describing mesothelioma risk bas been
discussed by severul suthors (Amutage
and Dull1989. Ex. 8423 Pike 1960, Fx.
$4=388}. Such 8 modai was wulized by
Newhouoer und Derry (1976 Ex. $4=342)
in predicting mesothclioma mactelity

among & cohert of {actery workers in
Lngland. Limited data e sl30 avaiisble
from three studies on the dose-response
relstionship for mesotheiioms (Seidman
ot gl 1970, Ex. 34=47: Hobbs. o1 8l 1930
Ex 132 114 jones ¢t ai. 1980, Ex $4=
138).

The data indicate that mertalily from
mesothelioma baging to Licresse anly
sfter 8 mummum of 128 years loliowing
the initia] exposure and bagins 1o
decranse sfter 43 yeans {rom onsct of
axposure {Sclikoll ot al. 1970, Ex. $4-%0
sad Nicholson et al. 1983, Ex. §4-281).
The mortality from mesathelioma can bt
deacnbed by the foliowing equstions
(Zquations 3). ’
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where U, i$ the agetqltty fros emsetaelioms, {5 the intangity

of erpeture 10 713er1/CC, € 15 NG Quratien of ecgoturt ia pesrs, U

. 1g tyae  aftar  fairgt

tapeture

th reers, e Ky 1% the

preportiongiity Constint that 1t ¢ Seassre of Lhe emsuihglions

CArcinagensc potancy (1lepe of & wase-respente curve) (s, 844392,

D. OSHA's Quentitative Risk
Axsessment

OSHA's critical avaluation of sll
relevent gnimal and epidemiclepreal
studies resuited in selection of eleven
epidemiological studies for caleulstion
o the K, for lung cancer {Selikoll o al.
1978, Ex. 04=0C Seidman et al. 197 Ex.
84-87. Henderson and Enterline, 1979.
Ex, 84=48 Waill ot al. 1870, Ex. 84-200
Finkelstein. 1983, Ex. 34-240: Pete. 1960
Ex. $4-108: Dement ot sl 1082 Ex. 3=
38: Berry and Newhouse. 1983, Ex. 84=21:
Liddel et al. 1977, Ex. 84-45: Nicholson
ot ol 19790, Ex 84=72 2ad Rubino ot sl
1978, Ex. 34-48) end four for Ky for
mesothalioma (Sehhoff ot ol 1978, Ex.
84-00: Seidman ¢ al. 1978 Bx. 84=37;
Finkelsigin ot ai. 1963, Ex. §4=3¢G: and
Pato. 1980, Ex. 34=149). {n general.
studies of human coherts in the
workplace should provide s better Lasis
for quanutauve rnisk populations at sk
1ad the popuiations {ram wiich the nisk
estimates are demved. In determining
the petency coeificients K, and K
Equations 1 end 3 were used io dellne
the dose-response relationship so that
cancer mortality was estimated for
vanous sxposure levels end axposure
durations. A number of weil.conducted
sand high quaiity eprdesuslogic studus
were svailable that eoatsineduufTicient
information on which 10 base ¢
Quantitative risk sssessment. Some of
thess studies did aet contaia expesure
dats. but could be seu with
expasure information sther seurees
n erdet @ ebtain en estimate of X snd

Ke

OSH1A cheee not 1o use animal studies
1o predict quantitative cstimates of rish
from ashestos enposure due (o the many
igh quality human studies that exist
that wore conducted in actual ¢
worhpiuce situations. Ruther OSIIA hus

suppleraented the hbuman data with
results from animal studies in the
eveivation of the heelth information and
in the determination of the significance
of risk becsuse OSHA belleves tha! the
smimal studies provide valuable
qualitanve information oa ssbestos-
related disease. [t is not clearin all
instances whether laboratery animsls
have bean exposed te fiber size
distnbutions similar te those found in
werkplaces. In additon. asbestos
sppesss (o multiply the underlyng lung
eaacer risk of smoking end nonsmoking
workers: aboratery animals generally
de not have sny underiying nsk foe
developing lung cancar. However, the
spimal studies do show that sl
cammercisl ssbastes types can csuse
cancer and puimonary fibrosts. Animal
studies als0 indicste that ionger. thinner
fibers .. y Bave grester carcinogenic
peiency than skort coarss fibers.

The range of estimates of nak from the

- sleven epidemialogle studies is rather

large. The dilfersaces in resuits among
the studies can de expiained in scversi

ways. There appears to be actual
* “diffarences 1a nak depending upon the

neture of the asbestos expesure. One
polential explanation is that workplaces
differ wrth regerd to fiber si20
distnbutions {longer finer fibers appear
te have greqter carcinagenit patential
than the coarse fibersk The alsarved K
values for siudies of mining and milling
operations, where airbarne fibers sre
relstively coarse. are lawer than the Ky
values found in studies of texiile
sptrutions where fibars are fine.
Dilferences msy sisa e expiained Ly
the rgnations 1 study design snd ether
{actors influencing the sty 1o Jutect
excess naks. One of thase 13 the iimited
know ludge of puat fiber vxpnsures of
those populations whose mactuicty was

3

later evalusted. Pror to 1970, fow
neasyrements wers made m [sciiiliey
wsing asbestos fibers. Furthar, thoge
meysuraments that were dene usuaily
quanisfied all dust present in the
workpince eir and def jus( fibery. ¢
Current techmques, which invelve use of
membrana filters and phuse contrust
microscepy for the esunting of fibers
longer thas five micrometem have been
utilized in Great Britain and the United
States only since 1994 (Ayer ¢t 2!, 1568,
Ex. 84~253:) and have been standardized
ia the United States only since 1972
{Leidel 1979, Ex. $4~42) and gven later
in Grest Britein. {n any case. sampling
has occwred only for few worksites and
then saly eccasionally. OSHA has
evaluated these dilTerences snd ave
dealt with their implications on & sudy
by study basis. ae explained in the
quentitayve risk assessment (Ex. b=
352). OSHA netes thet. despite these
apparent limiutions. taken as ¢ whole,
the asbestos studies contain data of
unusually high quality which hes -
emabled OSHA te make the nsi
sstunates with & high degree of
confidencs.

In addition. variability in woek
activities and in sampling circumstances
add consideryble unceruunty (o
nowledge of dose.

Some of the spidemiologic studies.
including those by Dement ¢t sl. (Ex. 84~
338}, McDonald ot ol (Ex. §4-48}. and
Hendarson and Enteriing (Ex. 84=48).
have measured sir concentrations at the
sxposure sits and used job historics of
the study populstion o estimate
expesure. In these cases ths daose
respanse curve was calculsted by
astimaling 1018l asbestos exposure (in
nppel-yesrs or in fiber/ceryears)
sccording te the time thet an individual
spant 81 & job wiih s measured exposure
value. A conversion {acter for
converung {rom mppes to {/ec was
empioyed oa & study by study basis
d ding vpon e dets available.
o'&'.: epidernielegical studies, {or
exampie these by Seithoff ot ai. (Ex. 4=
00). and Seidman ot ai. (Ex. 8487, had
neither job ustones nor duect industinal
Dygiene measurements for the studied
wotker populatisn. For thase studies.
expocure estimaies were denved from
industrial hygiene surveys of sumilar
wotk sperstions and pr for
whieh indusinat hyglens data were
available. The study by Sndman et al.
hawever. contained ’eod information
regerding durution of exposure {(which
can elian be examined 88 8 surrugate for
dese in establishing the shape of the
expoture-respoase relationshpl.

Abgiscusped in Sectian iV, OSHA hes
cunciuded 1hal workyrs vxposcd 1o
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(1} g}g_s are iikely 10 D 8t sn increased
J ‘“ﬁm_\gzmd unc_g_g."rﬁ‘;T
o0 excess of Gl ancer has net hu:‘
cBierved connstendy in every study of
a8Destos workers, sad while the retio of
LeTuointesunal eanede 16 GA] cancer
vanes considerybly (pm gtydy to study,
tbere appears (o be ayllicient eidince
Ls roughly estimatg the excesy
gisTuintestinal cancer nsk In ssbestos-
7 JUTAUSHS. [0 general. ha Atk
P.-:m.b.mbout §10 0% T Ba'axcesy
cancer oisk. (A detaiie tabie of the
ik bem cnmimnuu_l cancat,
T A I studies S given in Ex. bde
332 l2 ea sttempt to quannly the nsk of
gastrointestinal cancer. OSHA considers
thet & simple risk niodal in which the
fung cancer excess s multiplied by 0.1
(10%] is sppropnate for estimating the
risk frem gastrointosiing! cancer. The
estimates of risk [rom gastreintestingl
cancer are ¢ls0 given 1 Tables 10 and

1.
Cancars ot sites other than the luag.
mesothalium. and gesvaintesunal tact

Bave been shown (e be elevated insome

]ub«m :m&m p.hw 5 h‘d:d‘xu
arynges ney. sl 8

buccsl canty cancer. Te SSHA. it
appears st the excass nak [or “other
cancar” is about the same as for
gastrouatestical cancers. OSHA
recogzes nuany wnceriainties in
quaatfying this risk, is view of the
{nesssistencins in findings samen
differeat epideminioge studies. (guu
studies havs [cund excess risk from
othar cancars. while other studies have
not) The siles showing excess risk have
ales varied ameng studies. Therefore.
OSMA has not made numencal
sstimates of risks {or thess other causes
at this time. The dats indicating
gestroiniestinal cancer excesses are
strenger and mese consistent than the
43l suggesting excess ot these sther
cascar sites. OSHA does not {eel
compeiled to quanuly thug rigk at tus
time. The high quality sad weil.
supparted ssumsics of exeass risk of
morislity frer lung cancer,
mesothelioms and usheriosis alese
previde sullicient buses upon which te
fustly this sctiwm.

£ Estimotes of Catee Movglity

A best estimate of K, wag calenlated
for each of the cleven epidemiciogic
studies ond 88 retimate of Ky was
calculsted from fuur of these swdivs
(see Tuble §) (K 842031, Fer each
study. the bret entusate fue K, end Ky is
(ndicniwd alengt with s range of
uncertaitty, The reours loted sre thuse
are the reault of estunutes of repasure
yncertuinties (usuaile 8 fuctve of 33
methminknin wl s ttauities thal led @
sliermate evaluations ul sk ue v ponure

e in some caser. statistcal srithmetic and grometn

uncertainties 8380c8ted with small ratios are 1 x 10“?1\“.‘1:?;: :{a‘:“.
fumbers. Deisiied derivation of each sppropnate chaice as the dest esumate
range of unceriainty 18 discussed i Ex,  of K, /K, Using this estimata of the ratie

L N . Ko/K, snd the preferred estimate of K,
_The distinet aaturw of mining-milling  (0.01), the preferred esumste of Ky
data (snd hanca. the esumates of K, would be 1x10™ (K @i x 10~

{rom these data) have been considered X1%10°% A range of IX10 0 I X 10"

sartier. Theare 11 some evidence thet {or Ky weuld appropristely represent

riks (a the ssbestos mining-ailling D041 exposure situations.

operatians sre lower than othee Thers is 00 evidence i this anslysis

Industrisl sperstions dus to differences  that would suggest that o pecial lung

{n fiber s:ze. Thus (a determining the cancer petency is ascrbeble ta s

best sveruil value foe K, (rom the eleven  ¢pecific type of fiber. Some of the

studies, the dats wers exsmined doth highest and lewest values for K, are

with and without the K, csiculatad froms  obtained from pure chrysanle exposures
the studies of mining-miling processes.  (for exampie. K, calculated from data of
The runge of individual vaives for K,  Dement ot ol is 0042 ysing data from
covers two erders of magrutude. lrom Pete ot ol gives s K, of 0.007¢).
0.0008 te 0.088. The srithmetic mean of  Exposures involving & mixture of fbers.
the eleven values of K, {unit risk per Ly/ Inciuding amesite snd areadolite. aiso
cc) is 0.0201, and 0.067 whes the K's span o large renge of vaiues for K,.
from mining sad milling ere excisded. Wide differences eiso ocour1a the
The geometne mees of the data 6 0.007: results of separats epidemiclopent
whan the estimates ol K from mining. studies of similar werk conditians.
tulling operations asre excluded. the Some scientists have suggested that
ometnc mean sl the K('s 6 0.0113. The  jame sabestos procasses. such a8
' have s median of .0083 with the ssbestos textile sanufacturing. may
mining-millng processes and s median pose ¢ greater hezard than other
of 0.0138 when e mining-milling processes. For exampls. mmung tad
processes ere exciudad. * milling sppesrs te pese a lesser
Considenng the industrial precesses carcisogenic hasard than nasulacturing
oler thea mialng and milling, OSHA rcun.OSHAm;md the potency
belisves QL1 ta be & reassnsdle cters for lung cancar (X ameng
estimsts of K. it is the geomatric mesn different epidemiology studies of
sad mnedisa of the K's derived from nanufscturing pracesses becsuse the -
studies of ashestos manufacturing and potency factors are based o8 nsk per
{nsulation application procasses. The uait dose. No consistent pattern of
ge xnetnc mean has the advantage of dilferential lung cancer nsk (i.e. higher
munimni the influence of outlying K.'s) by process emerged. One study of
values and a K, of 001 (s eppreximately  asbestcs textile warkers found s very
within oae order of magritude of all the  high risk while another found ¢ much
estimates of K. [n tum. the X, o{ 0.0 is  lowur risk. and the same was true [or
& best es . nate which containg the two studies of ashaatos produstion
sppropnate recogrution of studies with workers snd Lie twe studies of ssbestos
Migher and jowar values of K, It shauld  cement workers. Therslore. the choiee of
be aetes nawavag that the uncertainties & midpoint wait risk for el industtral
areund this estimate of K are such that.  precesses (K a0.01] s ¢ ressonsble snd
48 sppropnate sstimate of K, could lie fustified chaice.
between 0.003 and 0.03. The best esimates of K, and Ky were
Tha castumates of Ky given in sabis 18,  .ilized to estimate the mortshty {rom
are derrved fram studies with foue of the  expesures 10 varnag concanuations of
five highest X, values. That is. thare ie ssbestos {a2 dilferent ime penods
seme biss m examuung the values of Ky  beginnung at difTerent ages. The
indapandent of the K, in the same ~ calculsuons are age. intensity end
studies decause it s likely that these Ky, durstion specific. Tables 10 and 11 show
would tend 1o be slightly higher than the excess asbestonreisted mortahity
thoss denved frem sther studics. dus te reics (rom lung cancer. masethelioma.
e demensirated high power of there and gastrointestinel cancer
studies to detect nsk. The arithmatie {gastremtestinal cancer excess is
mean of the K5 is 408 X 10°°. and the sssumed te be 10 percent of the lung
geometric menn of the K's (8 291 X10°%.  cancer excess). [n thete caiculanons.
To account for some of this Dias when  Equstion 1 end Equation 3 were yscd
estimanag Ke. it (s uselul to exsming the  wik vulues ¢f X, equal 10 0.0 and Ko
tatie of Ky (0 K, For the four studies for  equul te 1x10=1 and the 1977 US. male
which Ky was caleulatad, the range of backgreund lung cuncer mortalhity raies
the rution of Ky 10 K, is oaly twe-{old Because of age-specific increases i lung
‘{lrum QIS x 107 19 1.79% 10°%). Bath the  cancac rutes i slder men smce 1977,
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estimates Lused on mote recent
buckground rutes would de higher.
Culculations were done for uch S-year
€3¢ interval. snd then summed to pive 8
totsl lifetune nsk. The Caiqulstions
performed to pve the resulls i Tablcs
10 and 11 assumed that the relative nsk
inereused following ton yeurs after snset
of axposure and continued 1o nise until
18 years aftar orssation of sxpasure.
after which {{ remained constant.

Table 10 gives sstimatas of nsk for
one yeur of expoture 10 asbastos ot
various conceatzations for workery
beginnng exposure at sge0 20. 0. 40. 30
and 60. 1t sheuid be noted that
empioyees sxpascd at earlier ages show
hugher nsk of sil cancers due to the long
period of time during which it will be
possible {or disense io develop. One
vesr of expesure 10 asbestas st 2 f/ee
starung ot age 30 may resuit in ¢ total .
excess cancer sk of 343 per 100.000
woelers. .

Tuble 11 gives the predicted excass
lifetime risk of cancer {or expasures of
one year. 10 years. and 48 years
© assuming first exposure ot age 28.

Several comments should be made
regarding the results in Tables 10 and ~

-11. Though excess relstive nsh is lincar -

in doss. the excess moniality rates given
in Tablea 10 end 11 are net strictly
linesr in dose. Therelore. {oe exsmple.
the risk at 2 {/cc is 00t exacily 4 umes

_the 20-year exposure group. The

the rish g1 0.3 {/ce theugh there s 8
clote spprovmution. { should also be
noted that the naka for longer penods of
tLposures do not appcsrto be s
sirmight-lorward muitiphcation of the
nsks of shorter dursuen. in the longer
XPOJUreS Colegorics. where exposure
will affect older workers. some
sdjusiments have been made for
competiing nsks which ere likely to
afTect the death rate from lung cancer. la
addition. whea looking st the total
cancer nsks. it must be remembered thet
these include the risk of mesot2elioms.
which 13 related e ime (a a8
exponenusi lashien
. As can be saes from Table 11, the
predicted tisk from mesothelioma is
approumstsly equel (0 the lung cancer
risk (of one year of exposure snd. abeut
one-half the ruk vaiue for lung cencer in
excass
risk of menothelioma after s ifetime
sxposure {43 years) to asbestos is
spproumately one-third the Lfstime
excess lung cancer fisk. Thase
predictions compoct with observations
{a saveral populistions. where martality
{rom mesatheliora is observed to
comprise ¢2pr .- ~viely §O percent of
the excess morality from lung cancer.
Using the tquations gives earlier, and
based on the caiculations 1a Table 11,
OSHA predicis a lifatime excess risk of
total cancer (or & Liietime exposure (48

- o —
- e

years) to 2 (/08 88 411 excass degths
per 100.000 warkers. or approximately
84 por 1.000. Reengrizng that ¢ 30 vear
exposurg 10 840€3108 May be gnether
appronmanion of 8Clual werkaer
expencace of interest, the models
predict an ¢1cass cancar martality of
4392 deaths per 100.000 warkers.

Reduction in the PEL frem § (/ec 10 08
(/ce reduces the risk from Lifetime
txposure {rem 64 per 1.000 1o 17 per
1.000. Similarly. for & 20 yeor exposure.
the risk is reduced frem ¢4 per 1.00Q t0
11 per £.000. represencung & 738
reduction in nsk.

The lletine risk from one year of
sxposure follows & nimilsr course. The

reducas frem 29% per 100.000 8 2 {/
oL 18 74 per 100000 8t 03
{/es. As disewssed abeve. this implies
that the Lifetime excass risk from & six-
menth exposure te ssbestos weuid be
appreximately 196 per 100.000 ot 2 f/se.
and 37 per 100.000 8t 0.8 {/ce.

Lasily. Table 11 contsins the risks foe
lavels higher than 2 {/ce. because OSHA
believes some industnsi eress (such as
construction) may be st thase higher
levels. This population of workers would

. consequently experience 8 murh greater

reduction im risk by exposures 10 0.3
{/on. oc lass. ;
miag SR €000
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: _— Tadle §
Estimates of the Slope Paraneters ror Lung
Cancer (K 4nd Mesotneliodd {Kyj, oy Process
Study " g Y tyz 168 K/ _{2168]
MANUF AL TURING i -

Asbestos Products

Hanserson & Entariine (1979)  0.0047 (0.0026 - 0.0066)

Asbestos Cement Products

weill ot a). (1979) 0.0033 (0.0016 = 0.0086)

Fieisten {1983)  0.067 (0,033 = 0.13) 12 (4=30)
Textile Products

Pets (1980) o 0.0076 (0.0009 - 0.023) 0.7 (0.3-2)
Dement et ai. (1%82) 042 (0.023 - 0.21)

Friction Products - ' -

sercy & Newhouse (1943) 0.0006 (O - 0.008)

Jasylation Products . -

Sefdazn et a). (1979) 0.068 (0.0049 - 0.14) 8.7 (3-11)
INSULATION APPLICATION

seltkoff at al. (197%) 0.020 (0.008 - 0.030) 1.8 (0.8 « 2.5)
MINING-MILLING ' )
Lidaell et al. (1977) 0.00065 (0.0%02 « 0.0011)

Nicholson et ab. {1979) 0.0023 (0.001 & 0.007;
Rubino et al. (1979) 0.0081 (0 - 0.009)

1 yalues in parenthases regresent the range of uncertiinty around
the estimates of K and Ky. These are computed on 4 study
by study basis ang calculations for each study are uuusug in
the test. ”

ie

1.7

g.92

0.“

.75
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Todie 10

Estimated asbestos re.ated cancer mortality from 4 one -
YRAr €XPOSLre tO varigus f.cer caoncentralions

Asdestos fiber

t
.

Cancer mortality /100,000 exposed

concentration mesotnge
(t;a1) Lung {ioma sastrointestinail  Total
Age st first exposure: 20
0.} 7.2 9.5 7 16.2
0.2 4.3 18,9 1.4 4.6
0.5 35.8 47.3 3.6 8.7
2.0 142,8 185.7 4.3 345.8
Age at first exposure: 30
0.1 7.3 49 .7 12.9
0.2 4.5 9.8 1.4 5.7
0.5 36.3 4.4 3.6 6.3
2.0 4.9 97.4 4.5 256.6
. Age at first exposure: 40
9.1 7.1 2.1 ol .9
"0-2 “.‘ ‘03 ‘o‘ \908
0.8 35.3 6.7 3.5 49.5
2.0 * 140.9 4.6 4.1 197.6
Age at first exposure: S0
0.1 6.1 0.7 .6 7.4
0.2 12.2 1.9 1.2 14,9
0.5 30.4 3.7 43.0 37.0
2.8 et.? 4.7 2.2 14a.6
Age at first exposure : 60
0.1 4.0 0.2 N ) 4.6
0-2 ’ 'oo 003 Oa -~ ,l‘
Q.5 19.9 0.9 2.0 2.8
200 . - 19.. 30‘ &00 ’\.0

T cstinatad as 10X of lung cancer rys'k rather than calculated using

dose-response nformation. .

LIS L Y

[

«—

]
)
~<}
i
Y |

DUP 0907201

DU 628309,




Pederd: Mey v er / vOL 48 NG 215 / PHUGY. NUNUAIGT 3. (34

s M 2 e

Table |t

Estimated Asbestos Related Cancer Mortality oer 100,000

DX Numder Of Years £xucs#d and ticosure Levei !

.‘
Asbestos fiber Cancer mortality /100,000 exposed
concentration - mesothe-

(f/al) Lung l1oma Gastrointestinald  Total

| year exposure
0.1 7.2 6.9 0.7 14.8
0.2 4.4 13.8 l.4 29.6
0.5 36.1 u.6 3.6 74.3
2.4 144 138 4.4 2%6.4
4.0 288 ri4] 28.8 591.8
5.0 360 344 36.0 740.0
10.0 718 684 n.s 1470.5

20 yvesr ezposure
0.1 );,9 13 3.9 225.9
0.2 2’8 146 7.8 451.8
- 0.5 692 362 69.2 1123.2
2.0 r Ak 1408 an.g 4392.3
4.0 $218 2706 522.8 8511.8
. 5.0 6509 3w 650.9 10476.9
- 10.0 121717 6024 1217.7 13946.7

45 years exposure
0.} 23N 82 3. 336.1
0.2 460 164 43.0 €70.0
0.5 1143 407 11¢.3 1664.3
2.0 4416 1554 441.6 6411.8
4.0 844 2924 844.1 12209.1
5.0 10318 3847 103:.8 14896 .8
10.0 18518 6141 1851.5 26507.5

1 agsumes exposure degins at age 25. Risks are caiculated using U.S.
nale lung cancer Dackground rates for 1977,

2 gstimatad as 105 of lung cancer risk rather than calculated using
dosee-response inforsation.
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Deas g,

£ Quontifying the Excess Riak Frm
Asbesiosis

Maeny studics have found the

. monm3iignant lung discase. ashestanis

among ssuesias-expascd wurkars. (n
fact. enrly occupations hglih
standards govermng asbekon exposury
pnmaniy sought 1o reduct the ncidence
of ssbeslons. Asbestosia is 8 type of
uimonary {iLzons disgnased on the

sts of & history of exposurs (o
asbestos: 1t is charactenssd by
rudiologic changes 10 e lung.
brosthiesaness. rapaired lung function.
and other clinical fcatures of ilrosing
lung disease. Asbestons cun be
manifested in 8 range of degrees of
severity and can easult 1 disabulity and
death,

An esrly responsa by the lung te
sebestos sxposure 18 formation of
plaques. which sre opaque parches
visibie on chest X-rays. The prasence of
plaques might indicate increased risk of
luture developmant of asbestosis. but
this is Sot certmin. Although the dissase
significance of pleura! plaques 1s not
ciear. the prasance of the piaques is ot

normel.

* Barry et ol. (1978, Ex. 84+20] defines
“possidie esbestosis™ a3 @ lung -
condition based upon signs of sarly
sabestens. He classifies “possible
asbestosis” o8 the finding of besal reles
o¢ crapitations. radiclogical changes of
varying degree. & {alling gus transfer
{acior, and restrictive s tn lung
volume or ventilateey capacity. The
dafinition of asbestesis varies amang
differant investigators. Barry ci al.'s
definition of possible ssbestosis. for
example, is not-suificient for the vicum
to qualily for British Disublament
Benefit.

Asbestosis can progress (0 & disabling
condition where sctive work is no
longer potsivie. Although no sngle
defimtion of disability exists. vanous
governments have sdopted defintions
of asbestes disabilily te sdmnister their
worhet's campensation laws. Finkelsten
explaing the system used by the Onturio
Workman's Compeasution Sourd:

Warkers submitting claimg o tw
Camensation Beard are examined by the
Advisery Commties, .sa_nm

nether or aot 8 Disnlnley § he
wented. There are a0 st etene fur the
swurdung of 8 Dusgbibste Pemosn for

of pulmnnzsy fibenss amd olmornnil
puimunary functien senuite (Fx. Slald. p. '«‘I

AsUesigais has been haown in
progruss or warsen efter cesaation of
exposure. prubably due to irres sesibile
injury sad/ue the retenfion of yshestae
filvers 1n the lung. In sdditon ta lung
lungtion impuirment, ssbasiosie
eontnbutes ta increased asbestas-
reisted mortyity. ingreased resistance
crenied by the lung 2ustruction can lead
(0 heart {gilure.

Because of the many possidle
deflinitions of asbestosis givan by
diferent groups. the quantificutivn of &
single nizk sssaciated wath asbestosis 18
diflicult. {t 13 clear that matensl
impairment from asbestosis occurs prier
ts the onset of its disabling stuge.
Quantitauve studies exist. pnmarnty for
the disabling forms of the disease:
specifically, twe separste studies
provide information to develop s dose
response relationship between asbestos
exposure snd incidence of asbestosis
(Ex. $4=20 snd bimdd).

Two definitions will be helpful in
intarpreung the dsta concerning
ssbestosis. /ncidence is the rate at
which sew cases of asbe- .osis develop
in & given peried of lime. It (3 8 direct
measure of the risk of developing the
disesse. On the othet hand. prevalence
messures the number of cases slive ins
papulation at s givan periad of ume.
Numaericaliy. (t equals the sum of sl the
inadencs cases 0t the past minus all the
deaths that hava ocourred in people whe
had daveioped the disease. Prevalence
can be refleciive of existing nsk foe
ssbestovis 0 8 popuistion: prevajence
however. can be Nigh for ether ressons.
such as increased survivel. Moteover.
incidence esiabilshes s ume ssquencs
whereas prevalence looks at botd csuse
and effect nimuitanrousiy. The bes:
esumates of risk of asbestos:s have

——

been culenlatcd from incidenes daty of
1wo siudivse. Betry and Lewrasonn (Fx.
M=23d) and Finkelsien (Fx Simdd).
OS11A has 430 examined prevaience
r3tes (0 SUPPOrt 8 Quantitaing
suscesment of Nsk fur asbestos. und
these dat3 wiil be discussed first,

Serry et sl {31870, Ex, 84=20) studivd o°
group of 379 men whe worked st an
11bestos toxtile lactory for at least 10
years. Dust measusements were
svailsble and ware carrelated to euch
job parformed {or each year under
study. Health sflects were correisted 1o
cumuistive exposurs. Table 12 shows
the obsem od pravalencs of crepitations.
“posnible asbestosis”. and cernfied
asbestes for dats from Berry e ol s
teken [rom the fitted curve in Figuse ¢ of
their papes. Possible asbestosis was

i the factory medicai officer
i he thaught that & nan was deveinping
signs o¢ symptoms of early asbestons:
8% of the men diugnosed with possible
asbasiosis received certification within
the 3.5 years following this disgrasis.
The resuits in Table 12 represent & group
of warkers employed sfter 1950. who
bad s relstively short durstion of follow.
up (maximum ntesval from fiest
exposure was 23 years). A higher
percentage of asbestosis would most
likely have beens abscrved if the foliow-
up period in the study hed been
exiandsd.

The cbservations of Berry ot al.
presented i Table 12 sre probably
underestimates of risk. First, the nsk
shown {n Table 12 does not give the
probability of dcvdogi:z diseace sftes
expasure has ended. but rsthar. reports
the disesse found st one pownit in ume.
Secand. the data includes some workyss
whe mey not have been foliowed long
enough [or ssbestasis 1o «ppeas.

P) YR

PREVALENGE OF CALPITATIONS, POSSIME ASBESTOS!S ANO CERTIFICD
ALBLSTOSLS FOR CUMGLATIVE CIPQSURES TC ASBLSTOS FROM
BEFRY ot al. (1979)

S

Cumviative espetuce - Giver/ec o sesrs

Peecent with
cangitisn Cresttationt
v n
$ (1}
10~ [ ]

L 100

T

farsiale Carttfred
Assestanis Aspestons
(1) ()]
“ . 100
tis 130
134 148
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These dula of Berry et ol dimunsirate
serersl funtures of ihe natyre of the
asvestosis nak. The data show 4
continuum of chineul reeponse yeor the
renge of doses: that i, these chinrcal
cbsarvations suppan the evistence of §
dasecesponse relgtionship Serond,
these obscﬁmen‘niu support the

1
.

enisicaes of 8 low, of pussibly an,
threshold fue ssbestusis, sinee thers 1y
ingrgased Mek 8t Curfulative exposyres
as low a3 37 fiber/ce ) curs.

Berry end Lowinsolin (1979, 2, $4e
234) have reported the nwdence of
asbegtonrs in this same sabestos wextile
faciory. These dsti are prosented in

Tadle 13

incraence of Possidle Asdestasis Dy

Cumiiative Cxposure
larry ang Lewinsona

Cvmulative Exposyre T {nc1gence

. first emgloysent
(fioer/cCoyaary ) bafore 1535)

0-4¢ .

$0-99 3

100149 2.6

1§50-199 3.9

200-249 N 6.2

300349 4.6

Finkelstein {1982 Ex Bt=t4) looked ot
the deveiopment of compenasabie
{errulied) asbestonis among 301 Workers
st sn asbestosccmant fuctory in
Ontario. A dose-rasponse reiationship

was develc sed using esumated
cumalative exposures based on plunt
dust messurements and using rsedical
information from the Ostario
Workmen's Compensaticn Bosrd. Tuble

TASBLE 14

Taltle 13 A Jose respense miatior<niy
1s appurent for the inerdence data gt o
{s 80( Quite 03 COnmistent (or ng
presaicnce duta.

after 1550
0.4
1
2

14 shows the incidence of carufied
asbestasis cases es ¢ function of
cumulstive exposure fram the
Finkelstein study.

INCIOENE OF CERTIFIED ASEESTUSIS AS A FUKCT{UN OF
CUMULATIVE EXPOSURE FLIKELSTEIN (1982)
Cusulative expasure $ Incicence
{ioer-years/cc
0=ig 0.5
5099 ¢ 3.4
100149 6.8
150199 7.9
200249 14.3
Finkelstein's (1962) sbsenutions may  ashesios.™ On the other hund,

ovesstate the ingndence of ssbestesis
because st sutopey. there was histalogic
tyrdence of nilicoss s well ss
ssbestaeis in manymen. Finkelsicin
siutcs that “we have. neverthriess.
chosen to cail theie discase ‘asbestosis’
a3 we beleve that is the pathalogic
process of most significance. Mon of the
purenchymal radiographic ubnormalities
were small irreguiar opacities and the
mortalily potivem amaag the men was
consstent with the toxie efteets of

[

- .

Finkelstcin's study miy hyve
understated asbestosis nsk by
examinag only certificd disebility from
wsbesiosis. which is sn advunced stuge
of salicstosis.

OSHA's ssisates of risk wers
donved {rom & simipie lineur regressivn
of the incidence an the sudpoints of the
cumulalive exposurc duis of Busry sad
Lawinsohn {Tuble 13) und Finkelatein
{Talle 14). A lincue relativasiup was
aagumid. al least 10 the pent eslimation

-

of 0.8 Lbere/ce for 45 years {57 22.5 Noer
yeurs/ce). This agsumpuon 13 consistent
with the fact that early stages of
diseases sre oLsarved at low exposuies.
A similar conclusion 13 drawain the
report of the Dritish Advisey Committa
on Asbestos (Ex. $4=218. voiume 2.2
381 “The present suthors come down :n
fuvor of u duse response re'shionehd
without 8 threshold fof cheysonie witme
the mnge expenenced in 1aducin’’

puP 0907204
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TARE 1§
ESTIMATES OF LIFETIME ASMESTOSIS [aCioEmES

Smm leved, . Y inscreence
1947/¢8 Sare tirst enpl H
! Flaelstasn  bafere (981 rrer 1630
0.4 (X1 Q.48 0.48
! B 2.4 ¢.8¢ 5.49
i 4,9 1.9 1.8
12,43 4,44 1.38
] .0 [N }) .93
. ﬂ... + 0.8 0.u20 0.018
0.37% B 1] S
The resuits of esch of the regression enviroament (o generate quanttative

analysas and predictions of incidence
for severs] dose cancenuatens are
given in Table 15 At thus ime OSHA
makes no sttempt (o extrapolate the
dats using this model below the 0.3
fiber/ce lavel of abeve 10 fiber/ce level
‘The estimates (rem the 3 cahorts differ .
By an spproxumate factor of 3. This may
be indicstive of some of the
methodaiogieal issues reised sarlisr. it s
possible that the estimatss made from
Bearry and Lawinschn's dats may be
underesimates. The maximum durstion
of {ollow-up 1 that study was 23 years.
with an aversge follow-up of 10 yesrs.
Obsarvations (~am Finkelstein's data
(his Table 1) demonsizate that only (1%
{23/58 casas) of total inadence wes
experienced ip te firat 26 years since
first axposure. That i3, 398 of e
asbesiosis incidence was not expressed
anul at least 25 yeaos {rom first
exposure. Thus. it is Ukely that the low
incidence retes in the Berry and :
Lawinscha siudy (and therefore, the low
estimate predicted by OSHA) are
reflective of the short follow-up peried
{or this group of wotk~rs.

OSHA beligves that the best
estimates of the incidence of ssbestosis
ere these derived from the Finkelstain
data. They indicate that smong workers
expoead for & lifetime expesure to 3 {/cc
of asbestos. approximately $% will
deveiop asbestons. Reducing this level
10 0.3 {/cc would reduce incidence te
1.24%. It shouid be noted that these risk
estimates reprasent incidencs of
dissbling esbestasw. Fisut signe of
adverse pulmonary effocts sre
o occur at lower icveds.

C. Other Questitative Risk Asscssments

Since 1979. several acientists and
scicntific comatitioes kave estimated
risk ssseciated with asbestes exposure.
(Exs. Séel. $inl §4=216. 84-254.) The
risk sssessments gTe In APprOXimate
agreement, They oil use epidemiclonical
studies conducted m the mpmca_al

.

o
B

estimates. Animai studies are used te
only supp2r and fustily methodalogicsl
procedizer Jnd assumptions
quaiitatively. For lung cancer. scientists
gen.¢-ally sccapt the linear model
re'sting inereased asbestos axposurs te
risk and generally eccept the lack of &
threshold. As stated by the British
Advisory Committee ea Asbestos: “For
luag canger. tha svailabie dats in men.
oll of which are derived {rom industry,
show an incresse ia risk with increasing
dose of dust. and we {ind no evidence
withia the range of dust levels studied
for a threshoid of doss below which
there is a8 evidence of risk” (Ex. $4=210
p. §5). In geasral. all the risk
assessruants use cumylative exposure 68
tbe massure of expesure for all cancer
risk estimates (curaulative exposure
squsling intensity timos durstion of
expasure).
Given the uncartaintiss inherent in
wastitative risk assessment, as well a8
¢ inevitable veriations in findings
smong the many epidemioiogic studies.
OSHA believes that the different
quantitetive s estimates sgree
relatively well. The variations that do
sxist can be axsviained by tha
assumptions made oe §y simple
methodologicsl differences. Some
vanstions may be due 1o differences in
the work enviroument usad i the
sssessments.
Fot example. Crump's vssessmant.
m testimony to the Ontarie Reyul
sioa on Asbestos 1n August
1981, containe quantitstive estimates of
nsk for several studies. including
smeking-specifie risk estimates. Crump
does not give 8 best estimate of rigk or
as overall risk esumate. His estimates of
risk are bassd upon an sssumption that
woeker exposure that would result from
o standard set at 8 2 fiber/ce limit fs
sctusily much lewer than 3 fihers/ce.
That is. his risk estimate ynder 8 2.0
fibers/ce standard assumes that average
wocker expasure would be only 1.0

LA

[0

——m——y

fibers/es (p. 49k | le reduces thus level
by & facior of two to scgoun! lor
differances Letween personal and st3ue
sampling (p. $0) Thus, Crump's
estimates {or o & [iber/cs standard will
be four Umes lower than those esumates ©
made by OSIIA lor sverage worier
exposures of 2 fibetr/ce. Such diflerences
In sssumptions should be kept in mind
whea comparing risk sssessments by
different suthors (Crump's estimate at 2
t/ec would be sampared 10 OSHA's
eatimate at 0.8 {/oc) OSHA heg
praseated the risk a0 if the working
population waers exposed 10 an average
concantration of £ 1. 0.5 end 0.5 ftbers/
cc reflecting OSHA's belie! that a
standard of 2 {/ec does not preciude
worker sxposure ot that level: in lact
Sxpasurss may even exceed & fTbery/ce
for shart periods and stll preduce an &
bour TWA below 3 {/ce. .
The repoct of the British Advisery
Committes ea Asbesios sontains one of
the Arst quantitative nek assessments
performad for sebastos. This was
apdated in 1043 by Acheson and
rdner (Ex. 84+243). Tha regort
describes nska for lung cancer,
Besathalioma. other asbestos related
cancers and asbes:osis and it contsins 8
ratber thorough description of the heslth
hasards associstad with asbestos
sxposure. The British repoet's risk
estimates for lung caneer do not differ in
s mafer way from OSHA's esumates.
For example. with regerd 10 exposure to
chrysotile. the Acheson and Cardner
update siates that “We concluded that
fer example. 42 excass mortality lrom
ssbesios-related disease of 2 percant
might be associated with any pont in 3
range of from § fiders/ml 10 0.4 fibers/mi
and that beanng in the mind the very
considerable uncertainties & figure
towards the lawer end of the array (0.4
{/ml) might reprasent an appropnate
compromise.” (Ex. 04243, p. 14). As 8
compansen from Tabie 11. OSHA'S bast
estimate of risk is that an exposuze to
08 fiders/cc (mi) would resullin 8 13
pareant increase in desths {ram lung
cancer {or 1143 excess desths per
100.000).

VI, Techaicsl sad Cossemmic Feasihility

Based on an evaluation of evidence
contained 1n the record, OSHA hinds
1hat the provisions required by the ETS
are technically and econemically
feasille. OS!IA has examined the
various iadustrice and work opersuong
impacted Ly the standacd und therr
abulity to eomply with the provisions of
the ETS. Decanse the ETS requires
prompt reduction of risk, OSIIA

(W]
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ssscased the industry’s shility to
implement the reyuired contruls
immedistely.

The ETS allows considernble
flexibility in schiging the PEL. As s
resuit three "‘ﬂ' are svsuable to
lawer the ssbestos fiber conceatrations
ta which wockers dre axpesed: (1)
Engineering controls such s sutomaic
bag opening devices. speculised
vecuumm eQuipmesnt and incressed
ventilation: (2] work practices. such as
wet Leatment of Lhe asbesics matanal
snd Increased claan-up of the work
place. and (3] use of spproved
tespirsiors. Dus 10 the emergeacy naiure
of this sction which requires inmediste
tesponss 10 reduce worker e3posure.
QSHA sssumes that respirstors will be
the inittal method used o comply with
the ETS. A fuil discyssion of the
tachnological and econemic fessibility
of the sitersative methods foe ssch
{ndustry and lor the various PELs uader
considerstion fer revising the permenent
standard will sccompany the pregoss!

- which will be published sepazately.

OSHQ believes thsi consistent with
the esumates of cusrrent supasure
engineering Sonwois ere
placs and work practices. in epersuan
which. if spp
ha«im& resuit (R concenTratons st
lasst 33 lew a3 03 {n many industrias
(Ex. 84282 Ex. $4=283; Ex. 849 ond Ex.

+* 34=293). For purposes of assassing the
tachnologicsl and sconomic feasibility.
however. OSHA ssasumed & worstease
scanarig i which cach industry segment
weuld have io implement 8 resparator
pregram in order te achieve immediaie
reduction (n werker exposurs levels
belew the estimated current

conscientiously. weuld -

eoncanifutions. Ferthermors, fue
purpcaes of warst-case uaulyus. OSIA
sasumed that none of these indusines
has any reapizator program evesp! for
the shpduliding snd comstrucnion
segments. OSi LA makes this sssumption
because OSHA gstimates that most
workers in indusiries other thaa
shipbuilding snd construeson are
expoved 19 eight-hour time-warghted
sverages less than 3 {/cc. and the OSHA
standurd issued \n 1972 only requires s
respirgtor program when eaginesrning
controls end werk practices canaet
brng exposures 10 2 {/cc. To the extest
that some firms do bave an existing |
respirator program, the costs are
svermstimated.

A Technical Feeedillty

The foilawing table presents the
sssumptions Mmade regerding the
respirator program elements required by
each industry te ebtain o PEL of 0.5 {/ce,
The types of respiraters necded foe each
industry secior were determined us
the respiretor selection Wble in the
with relerence to the estimated current
exposure conditions. OSHA assurned
that the icas: costly approved respizatoe
weuld be selected. For example. whare
induatrias have exposures less tan tan
tmes tb:‘Pﬂ. OSHA la:‘:z’&c:d hat
disposable respirstens w :
purchased. becsuse of their lower short.
term costs, \When exposurss excteded
ten tmas the PEL. OSHA sssumed that
sema plants would either usa sir line
respurators. or full facepisce respirsters,
depending upon the operstion. To the
extent that firms cheose & Aigher-ssst
respizatet 1o incresse the protection
factos oe durability. respitutor costs may

[ A4

be understuted. Furthermore. OSHIA has
no1 inciuded «» the cost analysis a
consideration lor lost worker
productivity due 10 wearing respicutory.
Costs may be understated by whatover
smeunt productivity i¢ reduced. Dther
anticipsied resgirator program clemenis
required to determung costs for the ETS
ore flisted below. Thete elements are
derived from the exigniag provitons
found ia the Asbestos Standard. 29 CTR
1910.31007 and the standards for

© respirsiens. 33 CFR 1010.14.

Al of the required respirstors end
ilters are readily available end can be

purchased through local distributors.
Since the peogram relies mostly on

. dispassble respirstors. OSHA coasiders

that there will be ne supply consusiais.
As the werst-case (or bigh) estimsie
OSHA assumes that sppresumately
$0.000 workers will wess respurstors
becanse of the ETS whe did not

sty weaz respizators. OSHA hus
senciuded that the use of respirators
will be effectivs in providing improved
werker prowuction during the period of
the ETS. Ia addition to encoursging
gearaily more widespread use of
respiretory protective measures. the ET7Y
will simuiate o heightened
saderstanding of e heslth hazards
frem asbestos exposnre sad will result
{n mere effective vse programs and
stzatagies. [ssues (avoiving the
sppropriateasss of respirsioc use as s

‘loag-tanm selutian o controling

ssbestos exposures ere raised in the
section §(b) rulemuking proceeding (sec
Ex, $4=345. 34348, $4-347. B4=148).
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TABLE 18

Articipated Respirater Program £lements Required to meet PEL

}

[naustry Segment |

Anticipateg Type of Resprraters

Used to Meet the PEL

Other Program € icments

Primary Manufacturin
A/C g\pc T Sheet
Friction Materisls

Asbestes Paper
sascets

K
Floor Tile

Paints, Coatings and
- Sealants

Teaxtiles
Wet Process

« Ory Procass

-

Seconairy Fabricators
Tement Sheets, raper
Products, Packing

and Gaskets

Textiles

Automotive Aftermarcet
41 1 Ng 4nG KeTacing

1 0isposadie/worrddy/worser
2 tireiini/plent {(for hign
concentration situations)d
I disposadle/worker/day

for portions exposey at 0.75
(Mothing for PEL of 0.5)

+ aispesable/workar/day for
7%% of workers

1 disposadle/worker/day

-

1 digposible/worker/day

1 disposadle/worker/ddy -
2 dir-line/plant for nign
concentration situations

1 dtsposabxclwortor/cgy
¢

1 disposable/worker/oay
| aireline/plant

_
“Puil samin, costs®

Fit Test®
Traningd

$0% somin. costs
Fit Test .
Training

15% admia. costs
Fit Test
Tratning

Fyil admin. costs
Fit Test
Training

Full samin. costs
Fit Test
Training

1% admin. costs

Fit Test
Training

1% admin. costs
Fit Test
Training

1€ again. costs

Fit Test
Training

-
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$1135§
Respiratar Progran Requirements (Cont.) -
Articipates Type of Respirators
Industry Sevft Used to meet the PEL Other Prograa Elements
: .
Jraxs Regatr Nothing
Gasoline Stations Nothing .
Shipouilding/Repatr ' 203 of acain. costs
'ﬁwpouuamg kothing Fit Test )
Ship Repair 1 disposadie/worker/cay for Training
203 of totar warxferce
Construction ' 108 admin. costs -
nstaliation ' 1 sisposadble/worker/day Fit Test
NG Pipe Training
A/C Sheet
koofing Felts Nothing . )
Demolition/Renovatian_. 1| HEPA full face for 253 acmin. costs
253 of the workforce - Fit Test

' ~Tearaing
fepair & Maintenancs  kethtng '

LI

K3

40SHMA assuoes that certain Jjobs such as cleaning of vacuum equipment will procuce
exposure levels greater than 10 times the PEL. Consequently, USHA assuzas 2 & line
respirators will de required per plant except for 3mall operations which will require
gn\y one air-ling respirator per plant.

AGRIr ' -*ritive Costs reprasent tne salar~ of one full time professional at $30,000
per annum and one full time Clerk at $15.000 per annua. QSHA has g usted
wministrative costs O represent expacted reasonadle time spent admnistering &
respirator progras fa each industry. dn the seccadary faprication and automdtive
aftarsarket sectors, for example, USHA anticipates that supervisors will spend 15
minutes & day distriduting aad monits. ing the use of disposapie respiratyrs. lhese
sectors have far less of & sanagesent Ddurden than large firms, 4nd thus,
acministrative costs 4re caicuisted 4t 1 percent of g fuli acministrative amduat.
0SHA Selieves that sdmtnistrative costs have deen overstited in mogt segments in order
to present 3 worst case scenerio.

CosHA assumas that every employee sust de fit tested for.respirdtor use at a4 cost of

ﬁl per wployes. X

J nas sllowes 3 hours for respirator and asbestes training. OSHA congiders that
this 15 very 1ideral, especialiy n inoustry segmants chacacterizes By saall ptants
and by the use of dispassale respirators, Costs for this elesent dire therefore
overstates to presant the worgt-case scenario.
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OSHA alse examined the feusiuslity
of analytical methods for measunng
asLestus air cancanieatians ot the 3.5 {/
&2 limit established by the ETS. OSILA'S
exssting stundurd requires that sl
messurements of 8i
cancentrations of asbestds fibers be
made by the membrane [Rier nethod ot
«00=450 x {magnidicationd (¢ sullimeter
objective) with phass contrast
Ulumingtion (28 CFR 1910.1001{a}}. After
reviewing the relevent svidence made
aveilable since ths 1973 prapossl. OSHA
finds that phase contrest mcroscepy is
8 {sasible sad sfTective methed for
measuring sirberne 2sbestas Obess 10
determine complisnce with the
permustible exposure ievels set by the
Emergency Tamporary Stendard.

The most important issue raised by
comments (8 the 1978 notice (s whether
phase coairsst microscopy analysis ie
capable of relisbly messuning sitbaene
concenteations of 0.3 Bbers/cc and less.
OSHA scknewiedges that asbestes
sirhormne messuremeant precadures using
phase contrast microscopy. a¢ with say
industris! hygiene snalytical procedure.
{nherently conizing seversi error
sources. These errors have been
statistically evaluated by Leidel et al. =~
(Ex. 84=42]. and. in 1870, by the Air
Monitering Commities of tha Asbetios
Informatiea Asseciation/North Amenca.
;!&mquiudnumml‘;ﬁzl

using reusd-cobua sampls exchange
data. Chatfleld ales examined this
question (Ex. $4=3191. [n the Laidel et al.
snd the AlA evalustions. the error.
sressurad as a coefficiant of varistion
(CV). was [ound 16 be reisted 1o the
number of panticles counted fram the
filtas. For 300 Nbers counted Laidel. ot al.
found & CV of 0.12 wharess the AIA
report lound 4 CV of 035 er errors
sssocisted with interiabocstary.
intrulilter vanability. .

Based upon these studies. taken at
their face vaiue. it sppears that ihe
phase contrast microscope anslysis is
capabie of reasonably relisble
neasurements at 03 fibers/cs. As stated
in the AlA repert (2s. 88-002. p. AB=2L
“The calculsted results indicate that the

»
t The ALA nepant ol nroerse ¢ srperuie CV for
svaroil sanelvinty m e temply rrglgetgn 9
Plas Tendrun varuluioty W iy solple solisctinn
wwe.” Thee “Yundon voncinin ofasngls
ouliesier” o8 druwnird & Gus saaly By br s
meenrs of the wee dlireting o o
Fom ww Latothun n e Syt gad Buy 0t b8 &
"ecwm of ronham vatslubey A mete carvisly
o @ tampleng Wb} ik revme el of
TR PLLFEITE, of CUTeRle, cmi dowd
POLTILEN | ST b tliety illatenive &
aurinwnr Jineet ¢ gl FRINuinn (ol eBe b8 .wimel
T

.
‘8w

3% confidencs limuta en & measured &
hour TWA can be relatively cnnstant
with & wide, Dut usable. runge duwa i
cancentrations approschung 0.5 fibers/ce
[less than| s0L®

The AlA repart shows & higher error

than does the Leidel ot al. report. One
possidle resson lae this dilference may
be that the AIA report assessed the
variability in measurements as they are
being made todey by the many
labaratories who sre making the
meesuremen::. For example. enly 27 of
the <8 labocstories participated in the
PAT pregram end ne couating guidelings
ware given, whereas. the Leidel et al
npert inciuded oaly o smail number of
laborstoties cperstact by jehas
Mansville Company. that probably vsed
very similar procedures and conducted
timilar training.

In late 1962, Chatfield prepared o
report entitied “Messurement of
Asbastos Fibre Cancantrations in
Workplace Atraesphares” for tha Roysl
Comprussion ea Matters of {{ssith and
Safety Arising from the Use of Asbestos
n Ontarie {Ex 86-519). Chatfieid
aneiyted (ntrs-and irer-laborstory
variability end arvived ot eonclusions
scmawhat s:milar to thase of ALA and
Lndel Chatfield also recommended
sethods by which the sccuraey and
precision of phase coniras! microscopic
analytical techaiques could be
imareved. Significandy. ba soted “ia
viaw of the aumber and {requency of
nessurements required. there is .
currantly ne fully developed siternative
methed [te phass contrust micrescepy]
which couid be immediately
implemented.”

OSHA notes et w.«¢ sutherities sited

. abeve believe that it may be pessible te

reduce phase conUreY MICYoscopy errors
if impeoved sad standacdized
precedueres are [ollawed. pathaps by
sdding requirements te the standard. It
dees not appear. howevar, that
improvements of Lhis nature can be
quickly made in the immedists format of
Uus ETS. Therefoce. based ea the
svidenca before 1t ot the time of
issuance of this emergency sunderd.
OSHA belicves that it is generally net
possible te messure asbestos .
canceatrations belew 0.3 f/ce rellably
sad reproducibly usiag phase contrast
Rierascepy under current laborstery
pracuicas. OS!H A finds that the phase
tontrast micrdicopy method cun be
feusilly used 1o Mmoasure ssbestos aie
esacentruhions dawn 10 O3 [/ce.

14
$

.« 4

te

09W¢ BAAY slployes whe

8. Lcvacms Fm;b/my

The industry costs bused on the
program eiemants deseribed in T.lle 16
ars presented i Tabie 17, For the ETS.
the costs of asbestes trawning ary
included with respireter treining. Costs ©
for warning nigns see nat incluyed. .
sinee. for the purpases of the ETS. these
signs could be hand-made ot very low
casts. OSHA did set anaiyze sosts
4330C:atad with the sllemate benefits
scenarie (See Table ¢] since that
sc4nano was constructed (¢ show g
lawer range of benefits but does aot
represent aa sstumate of current industry
peactics.

The costs sre everstated to the extent
that some flrws sireacy have 8 current
respirator @ sad to the extent
tat careflul application of existing
enginesring controls and work practices
weuld reduce concentretions (o the PEL

- in some firms and thereby make

FEIpire1oe use UNNECESSArY.
Furthermors. the costs assume thet dust
masks and filiers will have ts be
replacad every 6-howr day. Some af this
coet {i.e. the dispesable respiraters.
au:fmd ndai:umu;;c sverhead) can

act spread ever the penod during
which the ETS is in oflect.

Finally, the costs c:‘:fnd to the
m’hm‘;vllnuk Ceustruction-
Demelition/Renevation segments
represant cest which reflect incregsed
compliance with current obligstions (¢g.
increased respirecer use te meet the
current standard as o result of the ETS

taining requiremeats) and sre not
din‘:'.‘%ln; sitnbstable te the ETS.

NotesORI{A satisipaies that the £TS wail

were
net I8 sarapliance i ~wvezd the necassary
resguezys (8 order (9 B M GIMRpliar.ee
with the ETS.

The total cost is estimated ot
$385.545.402 for ¢ months. Thus trunsiates
{ate an averuge cost per employee of
£708. Average € nonth zost per worker
presentad or an 1adustry bams i Table
17 rangs {rem 3251 ia the avtomotive
aftermarket segment to 3973 in the
construction Thess costs sre
not & large pertion of industry shipments
as presanted ia Table 18, Moreover.
firms {a these industries will be able o
puss the casts {orwurd because asbesios
substitutes in most industnes see not
tmmediately availabie. For sl these
reasons. OSHA finds that the ETS s
sconomically feasible.
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Lstinsten Costs of Resp:riter Program
for €15 with PEL of Q.8

Insustey saqmunt v Mt B S vovifl
Primary manufictuding 9,400, 969 4,143,2Q 1)
conssry Fupricatary 11,847,22¢ 1,438,832 e
Aytonetive Aftaresret 1,620,197 1,027,044 -1
Satpeuiigiag/resate 426,206 RS (V3]
Construction W,320.760 190,604,238 22

Teta! . SS8,412 M 5e8,000 x8
Tanie 18
C1S Compliance Conts Comparsd . .

to $ales by laeustiry Sepmant

{adustry Segaest Cost/Sales
Prinsry Noaufacturing . 03
AC Pipe b Sheet 002
- Frretia matertals £L08
Assgstos Puoer - L0083
Paiats, Coaetings one Sasleats 008
Castets, Seals ane Pocaings Q01
. Testiles 11 ]
Sacondary Faprrcatars L1 ,
Camsnt Shests 022
Pager Pracits on
Pacxings ane Gasxets 410
Testiles Q4
Autosetive Afterusruet
Reduig1ng ane Rafegirg 0004
SAtpaet l61ng/Raga e . 0001
Construction ' .0008

note: Seles values ore .o 1077 aas 1978, Jailves for Primary
Nemufacturing a6 Setonciry Fiaricaters wire titen frem $4-003;

valuas for  tha Autemstive Aftermerset were tanen (rem y.3,
r18) toon, 19§3: ene values fer Shighuilging/Ressre ang

{aﬁu' %\u et t._!.ﬁ.w ren ths ) atistical Asstract. Tne
valug for Construction sis n;uu#%c YL 7ecLing tae vaive foe
Nigneey & Streets ne flasieantisl and dowing e velet for
Sumalition/Wrecs ing.
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VIL Eavironmentsi impsct.
Requiraments of Ezecutive Order 12291,
sod the Regulatory Flaxibildy Act

The National Environments! Policy
Act (NFPA) of 1968 (US.C, 4321 ot seg.)
a4 implemented by the guelines (40
CFR Part 1500 of the Coudeit ea
Eavironmentai Quality { L requures

that {eders! sgencies sssens their
regulatory actions o doterming J there
is & peteatial for 8 significant impact on
the quality of the human environment
and. if necesagry. lo prepare an
snvrgnmentel impact statement

{n sccardance with these
requuraments and DOL NEPA
reguiations (23 CFR Part 13 [Subpart B
11.10 {a) (4}f} OSHA “ad determuned
that becauss of the emergency agture of
this standard. a0 savironmental impact
statement will be perpared for the
The sourys have held thet NEPA does
rot require advance praparation of an
mvireamental impact statement for as
OSHA TS (D Colvr Manufocturing
Assocetienv. US. Dupartment of Ledor,
08 F2d 88, 107 {3cd Cir. 1973)). OSHA
will essess. howa or, the eevironmental

efTects of the propased permanent
regulation of asbastes. The results of .
this study will be svuilable for review
and commeat pnoe 10 (he hesnings oa
the peuposad permanent standard and
will be an apprape:ate iesue for
discussion st the public hearing.

In the intena, OSHA weicomes any
cOmMents oa eny environmentsl sffects
that might ectur ¢ 8 result of
premulgation of 8 ruls en asdetos.

Pursuant 1a the autharity of Section
e K1) of Execuuve Order 12201 OSIA
Ras not prepared o Regulstory impaet
Anasiysis of this ETS. aration of
such an analysis was “u practicadls for
OSHA (o perfarm in ume 10 1ssue this
ETS o respond (o the grave dangers
fuced by asbesios exposed werkers.
OSI1A. however. is compisting 8
Prelimingry Regulatory impact Anslysis
of the prepesal te revise the permanent
standard which will be made public st
tha time the prepossl is published.

The Regulutory Flexibiiity Act
reqQuires «n Sguncy 10 prepure &
Regulatary Flenibility Aaglysis enly fee

those rules for which & aetics of
propased rulemuling is publwhed.
OSIM';:::;:& of an ETS therefore is
20t cov the Regulatory
Flnibdity Act breswse the OSMA Act
prevides that ET%'s be lssued withowt
tegurd te natice. peblic comment snd
other requiremenss in the
Admunstrative focedere Act. The N
propucal 10 e e pormaent
sbestus standyrd, huwever is subject to
the requniruments of the Regulstory 2
Flesibulity Act and OSHIA will ev aluate

the prapotal to ascertsin whather
snaly 515 under the Regultory Fleaibility
Agt &8 required, ’

prl'l. Summary end Explanation of the

The requirements of this emergency
temporary standard are sat sutn ¢ aew
aregraph. § 1910.100% (k). They are
ited 10 additiona! provisions to the
exigting asbestos stendard which OSHA
considers essentisl 3nd {aasibia te
protect employees frem the grave
danger resuliing (rom asbestos exposute
snttl OSHIA cas promuigsic more
camprehensive revisions in scserdance
with section &b} of the Act. The majoe
changes ia tha standard made by the
£TS are: (1} The naw permisaibie
exporure level: (2} methods of
camplisnce permutied W schieve Bie
aew levek and (3) ¢ requicement for the
estsblishmaat of rsining pregrams
within 30 days. The follewing section
discusses the majee pravisions of the
ETS. the necastity far including these
provisioas in the ETS. snd some
sdditional provisions te t1g3er sertain
requiremaents a¢ the reduced permissible
level of 8.3 {/ce.
wfEm et
4 8 paragrs
ummndmmmvl“t‘k ’
parsgraph is inteaded 1o make ciear that
the emargancy steadard applies to all
wetkplaces where empleyees msy be
expesed 10 asbestos in all industriss
covered oy the curront asbestes
standard se. geners! industry. .
S Farcarash IR Pormissibie evel
gl
of sxpesure. As part of the ETS. OSHA
is adding paregraph (k)(2) which sets &
sewe PEL. effective immaediately, of 03 {/
cx on a8 8 hour tUme w cigirted aversge
basis. This reducad lavel may be
schieved by any (vesidle combination of
snginesring contrels. weck practicss and
respirelory prowstion ia ecder o sliow
ompleyers to institute effective
Measures to raducs empioyte expossres

imrmedistely.
OBHA cheee 0.5 l/ck a3 the
bie expesure level primanty
uss it believes that reducing
ampieyes expasures ia 0.5 [/ce 1 all
industries wiil gresily reduce the risk of
develeping asbestos induced cancers.
primanly lung cancsr. mesothelioma and
reintestinal cancer. As sct o4t in the
iscustion on “grave dangec” and
*Senefits”. the rumber of lives QSHA
Believes may De saved through an
immediute reduetion of expasure 10 03
{/ee is substannal.

OS$i{A sise tebeves that the 0.8 {/ce
level is spprupriate fee seversl sther
ressons. Firtl. becuuot a0 emergency
standsrd-must be lassible. snd

I

empioyers must be sbig (0 campiy with
the stundaurd 10 8 short penad of ime.
OSi LA has sat g leve] which i iikady to
be schicved immediataly. vaing
squipment and coairol iechniques Wiat
sre currently svailable. .
Second. OSHA believes. based en the
del genersied by OSHA's contracior.
Rescurch Triangls Insutute. that same
workpluces. especially in the
ranufacturing sactar, may ¢ close to
schievng & 08 {/ce level hrough e
Bore rigorous use of engineenng
controls. werk practices and
housekasping mathods which #re aow in
place. OSHA encoursges employers to
cantinue theis efforts 1o implement these
nethods In erder (o ssaure that. for the
long term. the mest comprehensin ¢ and
eflective of pretection from
ashestes exposure wiil be provided

Third, OSHA believes that relubility
of Uve currently required ssbestos
nessurement methods 10 messure
asbestot exposures less than 08 f/ce
should be epen for discussion dunng ¢
rslemaking hesring. tather than imposed

on ETS. OSHA has tharefare not
adopted the 0.3 {/cs level petitioned by
the uniens but instead is considaring
sdding previsicas to the asbestas
standard thet may improve the
reliability ef both sampiing and esalysis
(= the &1 rulsmaking for the permanent
standard and thes allew lewer leveis to
be relisbly measused.

3. Paragreph (A N3] Metheds of
complienss. The ETS sdds & new
parsgraph (k)(3]. which permuts
amployers te reduce the permisasible
expesure mit rom the current 2 {/cc
limit to the 0.8 {/cs [imit by aay leusidle
combination of enginesring contrals.
werk practices and respirnicry
pretection. The cusrrant regquirement 1n
paragraphs (2}(1] and (c2) to first
ulilize eagineering cantrols and weri
peactices to reduce exposure levels to
29 {/cc remaing unafTecied by this ETS.

Flaxibility in choosing cempliance
sizategies for tae period of on ETS has
boen wiasrneraied in mast other
gﬂwﬂy issued emergency stundards.

¢ pelicy reflacts QSHA"
daterminution te craft emergency
sisnderds that are trely respentive to
tmergency’ conditions and which alTord
immedistely svailable pretectian to
m“;.c‘mmh Emplo

4 (kN4] Employee
information and tretaing. The ETS adds
s paregruph to the ssbestos stangand
requuring the empleyer (0 provide ¢
treining program within 30 davs of

sublicatian of the errergency standand

for all empieyees whose exposures ure
y expecied 10 axcetd the PEL

of 0.5 {/ee, withou! regard 1 the usc of

c7
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respiraton. 8ad 10 assure thut ail such
empluyees purticipate in thy prugram
and are mlormed of specificd cutcwnries
of information. OSHA cvariders thus
prevision (8 De “Becessury™ within the
meaning of section §(c) of the Act. 10
reduce e grave {ecad by
ssbestos exposed Qiployees. The
osbaence of 8 reirudg progrum

¢ in the dsdestos swundnrd
Mas been pointed oul as one of the
sscious deliciencies of the current
sundard, OSHA belisves thut
perticipation in on adequets training -
program is essentisl for the prateenes of
employees becsuse Most protuctive
pravisions enlist the employce asan
sctive participant. Foe example. masy
employces handling eabesies depend on
efTective work practices. Without

. truining n applying (hese work

practicas. smpleyes protection would be
{nadequate. Where the smpleyee plays e
mare passive rele ia his protection swch
as whete engiacering contrels are relied
on. iraining 15 sise essential becasse
the enployve

werkplace asbeates contamination. aad

the health hasards of ashestos sxpeeurs.

{n erdet 10 e53e38 his owa sxpesure

situation aad (s help recegnize wien

canTsls are et opervtiag
where hewsek

imperianly. where employee pretection
depeads vpen respirster m OS$HA'S
T ot . i osd
cHmpioyees e, fit [ ]
limitatiens of respiraters is critical 0
the effestiveness of respirator
protaction, Accondingly this requirement
spplies where sirtharme cuncsatrauens
sre reasenably expecied to exesed 64 [/
cc, even if employees uss respiceion to
reduce bresthing sene sencentrstions
aad Mz:qu with :(ktx’%&o

As sat n paregra 4
smploysr ment inform the empioyes of
the health oflosts of asdenins sxporwrs:
the relstionship betwees asbestes and
smoking in preducing Juag cuncer: he
operstions Sxpeaing

fenpid
selction te the 0.8 (/ce PFl, Undee the
FTS. the concentration cut-uiTs fne
vuriuus kinds of reepireton s

.
"

" dunmng the £T3. The ETS

———

multiples of the reduend PFL of 03 {/ce
ruther thun multiples of the previous 2 {/
e pormissibie limit For example.
spproved aur purdying respuruton say
be uted anly whare asbesios
concenirutinng sre not especied 10
excoed 3 f/ce (10 x the PEL). Defore the
ITS. becawse the PEL was 2 {/ce such
respunters could be used where
asbestes concentrations wauid aol have
excpedad 20 [/ce (10 x the PEL of 2 [/cc)
Simularly. pawered sir purifying
respusiors msy be used where asbestos

"~ concentretions de not excwed 100 timesy

the PEL. which st the new level of 08 1/
cc is 30 f/og. Previovsly, employeny
could have wsed such respirstors ot
concentrations up e 300 {/ee.

1t is Iikely that the maia impact of the
reduced PEL ca respirator choios will be -
{n operatieas and industries wiers
sxposure levels sre between § f/cc and
20 {/cc. Foemarly. amployess expooes (s
this range could uss balf-mask sie
purilying respirators: ngw they mvet be
prowecied by ¢ powered sir puriljing
respustor or 8 [ull fscepiecs respirutar.
. !Ly may ¢eq 8 supplied air
mepirster. -

& Perngreph [k N8). Wernirg signs
legible of ming of the utn"s.dm

¢ signe we o0

hagards of asbestas be displayed at
lecstions whare airborne conceatrations
of askeston fibers exceed the tedused
expesure [imit of 0.5 {/oe. Ne specille
legend is reqoired signs ler newiy
posied during tha ETS, OSHA wishes to
maks a8 practicable as possible the
ropid pesting of signs. sspecially ia
weckglaces where there has bees
previcus nea -complisnce end in eress
where asbestos cancantrstiens were
formerty below the 2.0 {/cc PEL

X1 Publis Perticipasies

[aterestied persons are (nvited to
ubmt -mumm ., vigws l:.tcﬁdm
arguments with respect to the
0 the asbrates standard made by the
£TS. Theta comuments must be
pestmarked sa or before jenuary 3. 1984
aad semt te the Docket Officer, Docket
Na H<033C, Oceupstional Safety &
tienlth Adminnstraucn. U Deparunent
of Laboe. 200 Constitution Aveave. NW,,
Reom $-G12. Washingion. D.C. 20210,

Tha data. views aad arguments thut
sre submitied will be available for
pulilic inspection and copying ot the
sbeve address All imely written
ssbeutsicas will be mude » paet of the
reeord of the procceding.

Ust of Fubjects in 29 CFR Part 1814

tional salety and heslth.
Aslusten, |lenith, Emargency lemporsry
sssgand. Cancrr.

L]
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Autharcily and Signature

This Jocument was perpured under
the direction ¢f Thame C. Auchter,
Asswtunt Secrytary of Labor for
Occnuiional Sulety and tloalth. US.
Department of Labor. 200 Conssitytion

. Avenue, NW. Washington. DC 3né10.

Pursuant te Secuens &bl Kel. 8{e) and
Iwolmm CGRI1n01001 s
anended ing & sew purugraph (L)
8 sat forth below. srup
(Snca. 8(bL Kch Ncf and g} Pub. L 9180
54 Biat 1663, 1508, 1300, 100 W USC 0SS
047: Bec. 107 Pub. L 1Bt 83 $iut. 00 (&
USC 333k 28 CFR Purt 1931 Searetary of
Lalmr's Ovder No. 0u&3 (46 FR 387301}

igned o' W oa .G this 2nd s of
Signed ‘“M v 9

Thares G. Araliter,
Aanigtant Sesrveacy of Lolwe.

PART 19 10={AMENDED]

Section 1910.1001 of Part 1110 of Title
28 of the Cods of Federal Regulations s
bereby smanded by sdding & sev
parsgraph (k) reading as follows:

§ 19109081 Aspectes.

L d L] . .

{x) temporory standord
effective Nevember ¢, 1883.={1] Scape.
This amergency (catpocury sisadsrd is
lssued pursuant ta section 6{c) of the
Act and applies to all werkplaces whee
smpicyses may be 10 asbesine
‘:Jll dhdumv?d by.the Act

uding, industry. censteustor
and mantis. Exeept to the extent
medified by this emergency temporsey
standard all provisions of § 1010.1001
remain in cffeet.

{21 Permissible levels of oxposurc.
The S-hour time-weighied sversge
sirherne ssacenirsuea of asbestos
fibers » which any empiuyee may be
expesed shall not excoed one-half (03}
fiber. longer than § micrometers. per
cubic ceaumeter of sir, a8 detervuned
by the method prescribed in parsgreph
(o) of this section.

{3} Adctheds of complionce with the
SAINCNCY lemperery standore.
Nutwithstandiag any other requiromen
of this segtton. comnliance with the
reduced sxpossre Limit of 0.8 f/ec shaii
be schieved by say {easible
cambination sf enginsenng conirols.
werk praclices. snd persansi protectiv
equipment and devices.

{4) Enployee infermation and
Uuinioy—{i} As s00n a8 possible. Lt
not leter thun turty (30} duys Imm e
oflective dute of thus emeryency
lemporury standard. the empivyet sha
instilule 8 inmaing program fur all
smployees expased to mirborne
Jconcearstivas of ssdestas (n exers ¢

Jr32/2
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A3 {/es, without regard @ the vee of
spirstors snd shuil sisure thele

pariicipation in the program during the

effective periad of this emargency

temporary stundird.
(11} Tha employer thall Gaure d\‘a‘;
of the

eech such employss is i :

followag: .

A} The beallh efTects sssocisied with
s80¢sl06 X! "

(B} The relaticnship between asbestos
and smoking ia producing leng cancer:

{C) The aature of operstisns which
could result in exposure te asbestes snd
necessary pretcclve tieps to minimize
expesure aciuding. os appiicable.
snginesning controls. werk practices.
respirstors. housekesping and protective

(D) The perpese. preper use. fitting
instructions end limitatiens of
mhlm parmitiad by the standand:

(£} A review of all the previsieas
ocontaised in 1910.1001.

(8) Nespiratery protection during the
ITS. Natwithsianding any sther
requirement of this section, where
respiratons are used e schiave the
permistible exposure limt of 0.8 f/ce
thay shail be setecied socarding \e
Table 1 .

18] Worning signe dusirg the ETS. Iti
Jddiven ts the requirements of

4

parngraph (g)(:) of this srction. logible
signs wurning of (he heulth husards of

displayed st ssch lecation where
sirburns coacentratiens of asdestos

asdesios shull be pravided and libers muy exosed .3 {/ce
TABLE 1 !
. Resaratery Pretaction

 For Airserne Concontratisas of Assastas .

Atrperne Concontration
s hivestes (TwA)

et ta easest of § f/cs
L10 2 ML)

ot 18 excess of 80 f/es
V108 & ML)

braater thea 83 f/ce

lwl!rr)

fLeusadie or single use atr
purifying respiratsr

full fecapiecs otr
purifying resprriee, & 4
poweres atr purifyiag rese
sirater

A type *C° contianevs fiow
or pressure damine,
woglied air resprrevar,

| Raspiratars (pecified for Migh concentrations Sy Be vied 4t
towar CONCEALPATIONS of ASBQ5LOS.

{Sees. SbL Ke) Ke) 0ad ¢ig) Pub. L =200
04 Siat 1503, 190 1990, 1620 29 US.C 438
482 Sec. 107, Pub. L 0134, &3 Stat. 86 (40

USG 333% 23 CTR Pert 1011, o
uu'.mum(unm

% Dux. @IS Find Yutedl L8 Y
LSS SNOL Su-0-0
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All Departuents
AIA lawsuit Challenging CSHA Emergency Temporary
Standard on Asbestos

The Asbestos Informacion Association (AIA) has filed
a lawsuit in the Fifeh Circuit Court of Appeals challenging
OSHA's issuance of an emergency cemporary standard (ETS) on
asbestos. As reported last week, the ETS lowers the permis-
sible exposure limit (PEL) from 2 fibers/cc to 0.5 fibers/cs.
The ETS was published in the Friday, November ¢ Federal Reg:ster.

The AIA is composed of approximately f£ifty companies
which manufacture, use, or mine as>estos. The Association hLas
net determined whether it will seek a stay of the standard,
bue will make this decision by Tuesday, November 15. Ed Warren
of Xirkland and Ellis is representing AIA.

- 8
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OEPARTMENT OF LASOR

Occupations! Satety ang Heaith
Admirustration

29 CFR Pert 1990 t
[Docxet Ne, H03330) H
Occupations! Expesurs 0 Asbestos

aggxey: Qccupation Sefety and Health
Administrauon (OSHA). Laber.

AcTion Emerpency temporary stendard.

susuany: OSHA (s issuing en
emergency lemporary standard (ETS] to
reduce the permusibie expasure limit
(PEL) far asbestos from 2 fibers (longer
than § micrometers) pet cubic
cantimeter (2 {/ce) as &n eight-hour time-
waighted aversge. to 03 {/cc During the
penod of the emergency standacd,
employers may use alf pracucable
control methods. such gs engineanng
coatrols, worx prectices and personal

Tatactive equipment (0 meat the dew

imit of 0.8 fibers pet cubic cantimetar
(04 (/oe). Traiairg programs aze slso
required o be ingtituted wit:in 30 deys.

¢ basis {or this ETS is OSHA's

determunation that continved emoloyee-
axpesuTe (0 eabestos under current
congitions that :‘x::u g: fice presents
s grave danjer veloping asbestos-
todetad cancer and nbu:?do ta
expotad smpioyees. and that a2
emargensy siandard is necessary o
protect them. The ETS serves siso asa
proposal to revise the current ssbestos
sundard pursuant o sscuoe (b} and
§(c} of the Act.

This notice also ts commaents
on the eppeopriateness of including the
provisions nf the ETS as permanent
rensIons 1o we ssbestos standard. [n
addition. OSHA will s00n pullish a
separate nc'ice of proposed rulemaking
that firther explsins the issuss under
consideration {ar the permanent
standard and wiich raiges 1ome
sdditional issues regarding the
spplicstion of cartain previsions of the
asbestos standard 13 the construction
industry. That notce will invite pedlie
comments and will schedule ¢
rulemaking hesnng purssant te Section
8{L) of the Act concarning the proposed
permanent revision i@ g 8s0estas
st

andard.
oatxs: The effactive dats for this TS {s
November 4. 1983, &&um and
evidence coareming the proposad
revisions te the permanent standard
made by the ETS must bu received as or
tefare [anuary 3. 1964, As asted. OSHA
wdl publish & natice of proposed
rulemaking shorly that will sat dus
dutes for submusmons 10 the ssbestos
dockei {ar the issues reised THETYIR

ADORZRSES: Wntten comments should
be submitied 10 the Docket Qfficer.
Docket No. H=033C, Room $-4212. US.
Department of Labor, Third Street ead
Constitution Avenue. N.W. Washungton,
D.C. w0 =
FOR PURTHER INFORMA™ION CONTACT:
amas F. Foster, Director. Office of
nfermation and Consumer Affairs.
OSHA. US. Depariment of Labot, Room
N=3437, 200 Constitution Aveaus. NW,
Washington. DC 20210. Telephone (282}
§23-4133.
SUPPLEMENTARY INFORMATION

Tabia of Connw
L latreductisn .
1L Legs! Antharity end Background
{1 OSHA Ratisasie lor 120 ETS
A Creve Danger
K Neod for 0a £TS
Supperang Dooumentation:
{V. Ceoupstdonal Health Deta
V. Quaautsuire Risk Assiyns
V1 Technical ang Econeauss Peasibility
A Techrucal Fessibnlity
3. Ecenseue Feassbility
VIL Cavwonmentai impact Regulatory
Flexiddity, and Reguisiery Ansiyss
VUL Summary ead Expisnaton ¢f the £TS
X, Pebiic Puruapauar Authornty sad
Signatare. ead Past 1910 (Aumended)

L Iatreductics

This is en ernergency temporary
standard (ETS) issued pursuant to
sogtion 8(c} of the Oceupatonal Sefety
and Heaith Act of 197G (the Act) (M4
Stat. 1300: 20 US.C. 438), the )
Consruction Safety Act (Pub. L. 9184
40 US.C 333} the Longsheremen's and
Harbor Workers Compsasauon Act (33
U.S.C. 941L the Secretary of Labot's
Jrdar Na. 8-43 (48 FK 3373¢). and 29
CFR Part 1611, ThI: mergency sundard
consists of revisions to the existing
standard covering gceupationsl
exposure i ssbsstos. 28 CFR 19102001,
in order (o protect smployees from s
danga? from contiaued sxpeswre
19 aciiestos st curTent exposurs lsvels.
OSHA Ras éatermined that workers
sxpoted to asbestos under exposure
coaditions exsting wadet the current
swarderd facs s grave danger of
davelepiag incurable cancer and
ashestenis Further, OSHA has {ound
thet aa immediate reduction it exposure
tevals to 0.8 {/cc or belgw is necessary
10 protect such employees fram this
va danger. Therefues OSHA is
g;dn this ETS to rempel reduced
exDasures 10 respend to this emergency
situation.
OSHHA's detarmination that & grave
eurrently exists is predicatad

upon quantitative nak estimates in this
-reened which poiat to o large number of
encaoe-4eerhs (rom cancer (and

asbestenis) among currently exsosed
workers which ere sttnidutabls o
continued exposures under present
working candiuons. OSHA estumaied
the aumber of cancer deatas svorded
through lowering of the exposure 10 0.5 ¢
[/cs. based on § months. 1.yesr, 20-year.
and 4§-year penods of expesures ot
current {eveis.’ The predicted cancer
deaths svoided that result from these
pemods of exposure sre respectively 210,
428. 8728 sod 7815 A more detasied
discussion of tiese esumares is lound in
e sections. Quantitative Risk Anslysis
(Section V). Crave Danger (Secuon (1]
Al and Need (oc aa ETS (Sezuos il B).
Risks of this magnitude & permutted and
sctual exposure levels defined o
situation which demanded (mmediate
n’:!v:tery sction. Evaluanion of ths
refevant scientific data. policy
considerstions and exposyre patierns of
workers bas convinced OSHA that
continyed exposure st the current PEL
sad under actual workpisce conditions
constitutes ¢ "grave danger” 10
smployces. and that 13 £TS is needad to
pretact themn.

The ETS requires that empisyees may
not be axposed te concenirations of
asbestos axceeding 0.5 f/ce on an $-hour
time-waighed everage basis. and
parmite the employer to choose among
engineering controls. work practicss sad
rRSPIUBLacs to redece exposures e the
new PEL. Howerer, the requirement in
§ 1910.1001{¢) 0 wtilize feasible
enginsering sontrols and work practices
10 reduce sxpesure levels to 2 {/cs
remaine (n ef{ect under this temporary
standard. The ETS also requires
employers to institute & Taining progrsm
withia thirty days of the eflective date
of this emergency standard. The travung
progam wul include instrucuon on
respuratar fitting and use. handing of
sshastos. medical (nformation. tha
telationship between smoking snd lyng
cancer. and a review of the ssbestas
standard. The ETS appiies t0 ail
industrias coveted by the Act ingluding
“general industry”. constricton sad
mantime industnes

e ————

= ORHA @ ewsr. of sourss. el Secuen det of
e Act (umiw e eocure sme m n LTS 0 0
months and O1R164 maciudes thet & frave angee
e 0ad 59 TS « srorsesey ovwn f OSHA
SR80t exciun vely 95 B 4s Meazh En30.
However. the Agroey brieevet 1 1 19OTUSTWIE 0
nininee benefis Senwrrg irom an LTS anng
lifenme neks (rew 30 e 43 yeurs o exBOTYre (¢
e FTL of 0.5 (fag tacabi:shed by 1% TS Althaugh
he £T8 esprws winrr § Meaths. Sacusa el
ORIV het rieRaking 08 § PrrEs At Handard
lon 30 enmaictad wiwn § MAMAS. 90 ket (hery
weid B0 O gip I PrYwction [or expe ey Imnis) erd
in OSIIA's erparwrnme 408 Mdament. CompyIng
W e KA EIOry GUTTTYY Sl Bampieing
raiemaking lor & pevmaneat (ALY Wik §
menus of sn TS 2es nd eon be dore

L AN
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Ay provided in 29 CFR 1283.22 the 24
States with therr awn QSiiA-approved
occupat:onai salety and heaith plans are
expected 10 adopt & comparable
standard within 30 days of this
publication date. These Siates are:
Alasks. Arizons. C4ilomia. Connscticut
(for State snd ioc3l Jovernment
smplcyees oniyl Hawail [ndiana. lowe.
Kentuexy. Maryland, Mich:gon.
Minnesots. Nevads. New Mexico, Narth
Caroline. Oregon. Buerts Rica. Scuth
Carolina. Tennessee. Utah. Varmant,
Virginia. Virgin [slands. Washington,
asd Wyoming.

Alsa. in reaponse to the smergency
conditions faced by axposed warkers,
OSHA is stepping up its anforcament
scuvilies 1a targeting workpiaces whars
asbestos is handisd.

The temporary provisions that are
being sdded !0 the existing asbestos
standsrd prescribes the major |
compenents of an sccupational safety
and bealth standard. In genersl. most of
the current requiremants remaia
unaflected by the emergency tempocsry
standard. However, compliance with

. sotne requirements will be triggered by
the new sxpasure limit o{ 0.5 [/cc ...
tnatead of the former PEL of 2 {/ce. For

" example. requiremants such s change

- sboms rexan unslected by the FTS
‘. and the wigger laval {or change recms

* remaing the fnemar PEL of 2 {/cc

. (8 1020.1001{d}{¢]). Hewuver. the ETS

requires thet whare concantrations mey
exceed the new PEL. the employsr must
pest signs indicating such locations

{§ 1910.200t (k) 8)).

OSHA based its desisions conceming
sppropriste provisions for the ETS on its
determinations of the kind and degree of
protective action nesdsd to protect
again it & grave danger and the
feasibitity af instituting these provisions
dunng the pensd of the ETS.

Undar section 8(b) of the Act. OSHA
will shorty schedule an informal
rulemaking hearing an e proposed
permanent changes 10 the standard.
OS14A will alsa propase other revisions
19 the asbestas standard that will be
explained = the separate natics of
proposed rulemaking. Apptication of
cortain provisions of the asbestes
standard 13 {he censtruction industty
wil! be raised at that jime. OSIHA
ssticipstes that this notics will be
published shortly. OSiA 13 sow
accepting writlen comments o8 theae
{ssucs raised ia the ETS which are
relovant 19 mevising the permasent rule.
The Sccrutary mwet promuleate a

seetinn 8{1)) steedurd nn Luer thua ux
months after puiicatias of the
 emerpency standand,

1L Legal Authority and Backgrouad
A. Level Authenty

Sectian ¢(¢) of the Act provides for
Immediately eTective emergency
temparsry stenderds in cortmn
circumstances. Tha Secretary has the
suthority to 1ssJe such o stangars.
without rulemaking, “if ke determuies
{A) that empioyees sre expescd 10 grave
danger from exposure (0 substancas or
sgeats detarmuned o be toxic of
physically hareyful ar from new hazards,
and (B] that such emergency standard 18
86cess-.Y 10 protec: empioyecs fram
such danger.” 29 U.S C 888(¢)(1). Thus.
the danger must be “fram” worker
exposure and (t must be “grave.” aot
marely significant and the regulstion
must be “secessary” 10 address “such
danger.” not merely reasonably
necessary of appropnate (o provide safe
smpleyment. In sddition. as mn section
¢{b) perrzanent standards. OSHA may
impose requirements in the em
stasdard only to the extent that e
“feasibie” within the meaning of section
8(b)3! of the Act .

The Fills Cireuithas emphasizod
imporiance of the seventy of health
sffects in OSI{A's considerstion of
whether an ET is anpropriste.

=* * * the danger of ingursble. permisnent.
or {stal consequances to werkiers. &s appesed
 sanly sursie sad fleating effects en ther
hosith, becegres imperunt in the
sansidsratien of the secessity for emeryency
MOAsuITS 10 Mot & grave dasgee.” Menes
Peoch Growers Assecietien. Ine. v. Uaued
fm- Dcperiment of laber- 498 714123

QSHA also has interpreted relevent
judic:al dec:aions to require that its
svaluation of the gravity of the danger
and the necesaity for emergency sction
must be made in the context of sctual
workplace coaditions.

8 Dactground '

_ L. Evenrs Laading to the £TS. Ia June.
1883, OSHA reesived & petition for an
ETS from the Intsrmatianal Assnarstion
of Machinists and Aerospace Workers
(Exs. 842 4). Sabsequently lutters
supperting this peution were reccived
from 10 o'har urunons (Ex. S4=284 16 H=
294, 34367 10 84=381}. The petition
requesied aa ETS to reduce the PEL 1o
0.1 {/ce. 10 modify seme sxisung woek
practics requirements. and to require
other protecuve provisions regardiess of
exposur» lovel. Tha main ressons st
forth in the petition snd supporting
latters are that continved expasure
under current worl piace conditions
constitules & grave danger and that
deluying remudial yesica uaul 3
permuinent stundani 18 promulgated
wauld cost large numbers of currently.

etpoced warkers "heip lives. OSIIA
shaces the gunL. cancarn expresscd
by the petitiun and letters (rom urisns
represcnting thousands of employ ecs
who are direcily funcd with the theeat of
asbestos-reluted disease from sonunucd
exposem. And OSHA coreludes thaet
{uilure 19 1ssue this ETS may cost &
number of exposed workers thair hives.
I August 1983, OSHA comaleted 3

comprehensive risk azsessment based
oft aumerous human studies which
estimaled the number of excess deaths
from the three major ssbestes-raiated
cancess. t.e. lung cancer. mesothclioms
and gastrointestingl cancer. st the
current permussible exposure level of 2
{/ce and st various reduced exposure
levels. OSHA placed thus decument.
“Quant'sifve Risk Assessment {or
Asbestos-Related Cancers”. ia the
Asbestos docket in August 1983 (Ex. &=
349). OSHA subsequently revised this
document (Ses Ex. 84-332).

L Mistory of the Asbesios Standerd.
OSHA has reguistad ssbestos since
1971, A 13 {/cg limit for agbastos was
included in the initial premulgetion of
QSHA stundards pursuant 1o section
#{a] of the Act. on May 29, 1971 (36 FR
10408). In respoase (0 & petitian by the
Industsial Union Deparunent of the

OSHA issued aa ET5 on
ssbestes aa Deccmber 7. 1871, which
established & PEL of § {/ec 0a & lime-
weighted aversge basis and pealt
expasures of 10{/ce. -

Thae current standard. promulgsted in

. June 1072 first eswsblished an &hour

time-weighted sverage PEL of 8 {/cc and
o cailing Limit of 10 {/cc. Tha limits wer2
intended primarily 10 peotect emplcyecs
sgainst asbestosis. snd it was hopet
that they wouid provide soms incidental
de, of protect:on sgainst cancer.
Effective |.., :976, the TWA limit was
reduced by Uae standurd 10 3 [/cc. This

. Nmit has remained in effect ninrce hat

tirze. The stendard slso includes
provisions covering methods of
campliance. montenryg, medical
surveillance and housekeeping.

Court review of thig standard upheld
sll major provisiyns. but remandud twa
issues for OS11A's reconsideratien. /L0
v. Hodgsen. 439 F. 28 & (CADC 1574),
These issues wer? whether the July 1878
data for the 3 1/ce stundard should he
sceelerated for some industnes and the
adequecy of the 3 year retantion penad
foe cxposure moniloring records.
Subsequently. OSI{A increased this
fetention pericd 10 20 yesrs (41 FR
11504) and the sceeicrution 1s3uc
became mout.

After reviewing the then uvalabic
scienufic data. 1n October 1975 O8HIA
publishad a notice of prupased

bl
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rulemaring 10 revise the s50CStos
standard bucuuse OSIA bdefteved thut
“pufficient medic.) snd szientfie !
evidence hud been vecunlated to
wirTant (he des.gnation of asbesias as &
humdn cursinogen” sngd that ed\ ances
in monioring end prot@tive techaviogy
made reexamination eMhe stundurd
“des:rabie.” This propeeal wouid have
reduced the time-weighted sverage 10
0.8 [/ec and imposed & catling limit of §
flee for 18 munutes (40 FR 47852).

The basis {or the 197S proposal’s
reduced permissible lavel of 0.8 f/ec was
OSHA"s then current pelicy for
carcinogens that no safe threshold level
was demansirabls and. therefore, the
Act raquired OSHA 10 set the PEL as
low as technolojically and economically
fassible. This poiicy was rejected by the
Suprame Court in the benzane decision
(/LD vs. API ¢a8 US. 01 (1580)). OSHA
limited the propesad revisions in the
1873 notice to all industnies except
constructian. No heanng was scheduled
on the 1978 proposal. Alse. aithaugh
OSHA sanounced its intention to
davelop s separate proposed revision
applicable to the construenon industry.
2: such prepesal has been published to

ts.

OSHA is basing its present decision to
issue an ETS. and (3 propose revisions
to the permanent standard vovermg sit
employees. o informauion and enalyses
which postdate the 1975 propesal.
Thersfore. this ETS marks ¢ new
reguiatory initusiive. refated ta. but not
part of the 1973 procoeding. On May 24,
1883. OSHA consulied the Construction
Advisory Commutier for Cecupatonsi
Safety snd Health (CACOSK)
concerming applicadilty of 2 naw
asbestas siandard for the construction
tadasiry. CACOS. . .1corsed OStiA's

sitinn that changas 1n the MEL made

or general industry shou!d slso apply to
the construction industry. QSI{A is aise
including the comments and dats
rectived 1 response 10 the 1978 nouce
in the record of this proceeding. with the
ungerstanding that some comaenters
mey have changed their pasitiens based
on intervening scientiic davelopmeants
and poliey shuitg.

1a the decision 10 1ssue an E£TS. {he
Agency has reviewed this regulatory
hustory of ssbesios. However. the
Agency bases the decisian Lo usus an
ETS on the actusl emerpency sundihicas
which aow ceafrunt exposed workers.
on epidenitolugic studies that prowide

date to mahe nymerica! estimates of
risks ead on inwrpeatations of these
studies quantitative rish anilysis,
3. The Rulrniaking 1o iavise the
Pormuninr Staadard. The 6(b)
tulemabing imittatad Ly this peoposal is
utendid ty be limutey 1o the revisions

made by the ETS nd the sdditianal
proposcd smendments ruised in the
fotice of proposed rulemaking to be
published soon. The muior sutiects of
the 6ihv} rulemuxing will be: regueing the
permissible expoOsSure hmil revising the
definitiune of 830¢813s and asiestos
ibers. reassessing the methods of
compliancs to achieve such fimus,
revising the provisions regarging
rESDITRIO? seieclion. PEVIING ths
sampling and snalytical method to
improve reiatntity. and adding o
Cunung requuemant. OSHA will also
tuise issues regarding the applicanon of
the permanent standard te the
construcuon indusuy. As previously
stated. CSHA will soon publish a
separats nouce of proposad rulamaking
1o further explain these issues

(L. OSHA's Rationale for the ETS

QSHA has datermined that prevailing
conditions involving warker eaposure to
sirborne asbestos dust jusufy the
promuigation of a0 emergency
temporary standard. OSHA estimates
that approximately 375.000 workers are
expased to asbestos at varieus levels
{Tabie 1). renging frot & high vaive of
20 {/ee to beiow 0.8 {/ce hae
estumated that undar curient exposurs
cunditiuns ssbestes-exposed workers
face an extraordinarily high risk of
cantractng asbestos-celated cancar
whether the nsk (2 computed evera -
weckiag Lifatimne of exposure o for
exposure penods as short as § months.
The average excess cancee risks for ail
workers exposed above 0.8 {/cc using -
avgilable exposure dats and meivingon |
the nsk azsesament sre estimated as
approximately 199 excess cancer deaths
pet 1003 wockers for ¢S years of
exposuse. 139 deat . per 1200 workars
for 20 years. 10 per 1000 worken for ¢
year, and § per 1000 woekers for ¢
months of exposure.

OSHA believes that risks of these
magnitydes. taking into sccount ail
relevant considerations such as total
aumbers of warkers st nsk and quality
of suggorting uata. consuituie o
emergency situstion which requires
immadiate rasponse dy the agency.

Tide Act states that when certain
statutory ¢cntenwn sre met. OSI4A is
sutheriged 1a respond 10 an emergency
situation by issuing an ETS. The two.
pronged stetuiory test fur en ETS is that
{1} smployess must he exprsed to 8
grave danger {rom exposure te

subisiaccos or agents deleriuned to be
toxic or paysictally harmiul. and that (3}
an emergency standard is neccrsury te
protect ginployees from sueh duneers.

Alter evaluating ll the evidenes
aviulalie (0 the uygency concermung the
sevority end magnitude of the rak of

asbesios-relsted discase 10 the current
asbegios-exsosed worning pepuisiiun.
companag those Naxs (o other
octuputionsl fisiks. 499y ng reiavunt
policy considerations. and revizwing yil
reievant judicial decisions for puidunee.
the sgency has determuned that bawn
prongs of the statutory tes: are mer gnd
that an ETS should be promuigated.

Fot purposes of clanty. the duseugsion
is divided iate twe paris. “Crave
Danger™ and “Tha Need {or ga ETS."
OSHA believes. howsver. that tha
factors which (ndicate that & substance
constitutes ¢ grsve danger are feizted 10
and ovarisp those which determune Lyt
an ETS is necassary.

A, Grave Danger

OSHA has determined that the nsk to
workers from exposures to asbestos st
conditions that exist in the workplace
pose & grave danger of death from
cancer and of severs disabiiity from the
lung disease. ssbestosis. In making &
“grave danger” detsrmunation. the
seventy of the disssse preducad by
axpasure te the regulaiad substance and
the magnitude of tie predicted ritks of
disease must be considered. In addition.
ths Suprema Court has suggested that s
determnination of “grave danger™
indicales a situation where the risk is
more than “significant™ (/UD v. AP/,
supre & 48).

OSHA has spplisd that analytic
sppreach sndersed by tha Supreme
Court {or “significant risk™
determinations in evalusting the gravity
of the danger {acad by ssbesios-cxposed
werkers. The Suprame Court gave some
’mnl guidance a0 to the process o be

ollowed. It recognized that while the
Agency must supp-t its {inding that s
certain lavel of risk exists with
substantiai evidence it siso recogruzed
that its detarmination that a particular
lavel of tisk is “significant™ will be
based largely on policy cangiderstions
(JUD v. APL. 648 US. 831. 656 1. 62).

QSHA believes. therwfore. that iis
determunations regarding the magnitude
of the nsk faced by emplcyecs snhouid.
ta the gatent pasnbls. rely on
| tative expe ns of that ngk.

“Ltiliging the best avadablo data.

The Court stated that the significant
nsk determination required by the OSH

Act s “aot & mathemat:cal siraitiachet.”
and “OSHA s aet required (0 support
its finding that & sigmficant risk ex:«ig
with aaything approsching seicntific
certuinty. ***A reviewing court fis] o

ive OS!{A seme leeway where its

indings nust be made on the frontiees
of scienuifie knowledge [and that] **°
the Aguncy is {ree 10 use conservulive
assumptions i interpreung the data
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wilh respect o carcinogens. fsking
error on the side of overprotcetion
rather than vagderprotecuon™ (488 LS at
138, 850}

[n the case of asbestos. tha data
svarlabie are of unusgal breadth and
high quality. Howeveg because nsk
sesessment iself invdives many
uncertainties. OSI{A tade certun
assumpnons ia its enalysis and
evaiuauon of these deta. In sssessing
e nak {or asbestos-exposed workers,
OSHA has attempted to use realistie
assumptions. although the court stated
that the Agency was {res to use
“coaservstive sssumpuons” in
{nterpreung dats. OSHA. in many cases.
has adicated ~hare diffarant
assumpuons may produce diffarent
resuite. in sddition OSHA csutions that
becsusa the ntk 2’"& finally derived
are the products of & pracess which. as
the Supreme Court acknowledged. is “on
the fronuers of science.” they should be
viewed as apgnm‘l\ltim of the degten
of risk feced by ubnm«z«d
worksrs ead 80! 48 precise fixed
peedicticas of the sumber of workars
who will actually develop diseass.

- QSHA has evaluated the kinds af
dangers presented by asbestas -
sxposure. the quantification of those

© _ dangers under prasent asbestes
oxposuss-conditions. the quslily of the

" data ea witich risk estimates are based.
& comparison of asbestes risks te ethes
occupational risks, and relevaat policy
and legal considerstions in concluding
that workers are exposcd to & grave
danger from asbastos.

1. Nature of the Diseasges. As stated
above. the nature of Lhe disesse
asaacisted with expesute g 8 toxic
substancs is one ¢ Jie most impertast
elaments OSHA evaluates in
detarmining whether g grave danger
austs. This factor was discussed in
Florida Pecch Growers Asseciclion lne
v Un:ted Siatss Department of Ladoe.
supro. The court, in overruling OSHA's
organophasphate pesticide
obscrved:

Wae reject any suggeotion thet deaths must
wcayr bofere henith and sufety siandanin mey
be sdnpicd. Nevardwiess. the daryer of
ncuresie. permenent, ar M8 cansrquences
(0 weckery. oo sppeced 8 easly sureiie end
[leating sflecis an thow becomes
inpariant (a the sansidenion of he
noeceny for MOSEWes i9 mast &
greve 'd-mn. <« 64 133 (omphase

OSUA is aware of ae instances in
which exposure @ & lexic sebstunce has
mase cleariy demonstrated detrimental
health effeets om hurans than has
sabettos exposure. The discases causcd
by ssbestus expusures gre in large part
life-thresiening o disabling. Ameng

Federal Register / Vol. 48, No. 21§ / Fridny. Novemuer 4. 1983 [ Rulos and Regulations
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these diseases are Jung cancer. cancer of
the mesothehul ining of the pisurs snd
peritaneum. snd ssbestons. {n gadition,
workers exposed 10 ssDestos are ot
increased nak of gastrointestingi cancer.
41 shawn by eprdemioiogic studies.
Aithough coio-recisl cancar may be
curabie if detectad 1n an early stege.
other gastronniostinal cancers are

__usvally fatal. QSHA also believes that

ssbestos mught induce cancers st other
sites. which sre aiso often fatal

Of thase. lung cancer constitutas the
graatest heailh risk for Amancan
asdastos workers and hae accounted for
more thaa half of excess morulity in
some cesupauonsg! coborts. About K%
of lung cancar putients die withia §
years of diagnasis. Mesothelioms is sa
incurable cancer which is usually fatal
wittua § year after diagnesis. it is
epidemiologicslly linked to asbestos
exposure. aad oceurs vary racely. if &t
all in persons never exposed to
asbestos. Asbestosis. & type of
pulmonary fibroeis. is usually none
reversible. ite adveaced sages are
dissbling. end can be (atal. OSHA
conciudes that al! thase diseases are
very ssnout. and ‘hat tie exceas
mortality bom such severs dissazes
must.be considered an imporiant factor
far mauking s grave danger .
«tmulim;.h 4 of Devel .

L Degree of Ais. eveloping .
Dangerous Disease. OSHA based its
aaleulations of extent of risk faced by
workers yndur current exposure
conditions primaniy on the resuits of &
quantitative analysis which denved
numaerieal estimstas of cancer nak at *’
various cumulgtive exposures
corresponding to levels ot which
workers sre exp. .ed (Ex. $4=332).
~ Although 2 {/cc is the current PEL for
asbestos exposure. actual exposure
conditions vary wadely. mosily by
industry sesment. As explained later in
tus document and as set larth in Table
1. average ambient exposure levels in
‘verious indusiries include high evposure
levelssuch as 20 {/ce in drywail
remgval. renovation end demolition: §
f/ee in shipbuiiding and repaim mide
range exposure leveis such as 2 {/czin
secondary {abeicating of cament shest, ~
paching and gaskeis and paper producte
and rebuilding and refucing brakes: 14
f/ce {ar dry procussing of textiles: and

lower exposure lavels such as 0.8 {/ce
and 0.2 f/cc in the manulacture of floer

- tile. :

Because OSHA s required to connder
the sctusl dangor faced by worke=s i
sssesnng whether exposure o 8
substance presenis ¢ “grave danger”,
OS11A looked at thae nsk of developing

. disesae not oniy at the 2 {/ce

permusmble lavel but st ell exposure

$1089

leveis which workars cumently fuce.
Most of the results of (hese eaicuidtions
foe cancar sre presented & Tebie 11
the nsk assessment sacuon of thig
document. e

The iable sets forth predicted excess
lifetime cancer risks for exposures of
ona yeer. 20 years end «$ years. Risks
for exposures of § months sre ciosely
approximated by one-hail the nsks for
exposures of one year. Although sverags
exposures in demolition and renavation
are estimated at 30 {/ce, the table

rescats risks anly for selected exposure
evels up to 10 {/ce.

These calculations show that the risks
of asbestes-reiated disease ere
slarmingly high st current accupational
exposure levels. For example. a0
estimated total cancer sk of 289 excess
deaths per 1000 workers sxists for
wockers exposad {cr 8 ¢S-yesr lifetime
8t 10 {/cz. & level which currently exists
o8 some consiruction sites. At § f/ce the
sxposurs leveis which are considered
sverage i shipbuilding end repaur. the
risk of developing asbestos.reiated
cancer for & ¢S-yaar exposurs panod is
148 excass deaths per 1000 workers. At
the curreat permissible level of 2 {/cc
witich also represents sctual exposure
leveis in such industries as secondary
{abricating of cement sheet, packing

.. §askets snd paper products and

rebuiidi

and refucing brakes. risk is
estimat

a3 84 excass cancar deaths

" pet 1000 warkars {or ¢ dS-year sxposure

period. :

Thasa risks remgin very high when
the period of expesure for which
calculations sre done is shortened to 20
rears, which OSHA believes is snother
appropriate point for evamiranen. The
period of 20 yeass is the approximate
nidpoint betwoen 1 year end 45 ycars of
expasuTe: siso meny workers receive 20
years of exposure. Counterpert nsk
calculgtions using & 20-year exposure
peniod are: for warkers exposed to 10 {/
€¢. 140 excany cancer desihs per 1000
woekers: foe expesures to § [/ea. 108
excass cancar deaths per 1000 workers
ead f{or exposures to 2 {/cc. ¢4 excass
cancer deaths per 1000 workaers.

OSHA also estimated neks of
developing cancar for s one year period
of exposure st various levels to whith
smployees are exposed. The counterpart
risks for expesures 10 10 f/cc for one
year srw: 13 excess cancer deaths per
1000 workars: to § f/ce. 7 excess eancer
deaths per 1000 workers and to 2 {/cc. 3
axcase cancre desths per 1000 worke=s

Even ot current workplrce exposure
levels which are less than the current
PEL extmordinaniy high nsas of
disease exist. At 0.9 {/cc. 17 excess
cancer deaths per 1000 workers sre
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sredicied (or u 45 yeur lifeume
exposure. and 11 gxcess cancur deaths
par 1000 workers [or 8 20-yeace exposure
penod.

OSHA notes that the sbave
caleulations ere for risk only. In

can
sddition. asbestos-expofed workers face -
a high nsk of deveiopiag ssbestons. ¢

dissbling and olten {atal discase.
Predicuoas concarming the estimated
magrutuds of the asbesiosis risk have
been performed by OSHA and are
discussad (8 the nak sisessment section
of this document Accardingly, OSHA
esumates Gt 8t 2 [/cc, 50 workers per
1000 sxposed to asbestos [or 43 years
will devalop disabling esbestonis. At QS
{/cc for 43 vosrs. it s estimated thet 12
workers per 1000 wul! develop disabling
asbestosis. Asbestonw risks can siso be
estimated {oraxposuses lor durstions
shotter than ¢35 years. For sxampie. the
risk of disabling nsbestosis {rom
exposure 10 1.0 {/cc for 22.5 years ia 12
cases per 1000 workers. OSliA's
estimaies of the magaitude of the
asbestosis nuk are besed en sound dats
from good epidamiological studies.
OSHA belisves, howsver. that the
confidence whichcan beplaced in '
predictions of asbestosis nsk is not se
great ss {or the predictions of cancer
risk. This {s.because ths casicer risk
wstimates are based oa g largerand -
more varied data base end are derived
from dose-extrapelation medels that are
better estadlished Becsuse OSHA has
detarmined that the risks {or cuneer
alone indicate a grave danger. the
additional rizsks of developing ssbestosis
Are nat nacEssary (8 jusuly this ETS.
However, OSHA has considered that
the additionai and independent risk of
developing 1sbestesis incceases Wie
dunger faced Ly exposad workers 8ad
undarscores the gravity of Ue bealth
threats to employess posed by ssbestos.
3. Quality of Data on Which Rlisk
Estimates are Bosed The uadariying
data epoa which the quantitutive risk
assessments for asbestos are based are
high quality spedemiologic studies.
canducted 18 cccupational
environments. OSHA emphasizes that
(b data bases (o2 asbesios ate of
unusual quaiity and size. Unlike most
potcntial occupations] carcinogens.
ssbesios hxs bean studied efien and
thoroughly fee evaluation of its efivcis
on ocrupations! pepulations.
in denving these quastitative

estimates loe cancet nsk, OS1HA uulized
sieven studhies jor e calculution of the
lung cancar . ok {out of which were alse
uset) 10 calcuiate (Lo mesathehiomy nsic
Iavesugations inveived “eahast” gludies
where the tequencies of vanious types
of cancers in worharg exposed to

4

tshenigy were compured (o those in
“eantrsi” groups not exposed [0
asLestos ot Lo those of genetsi
pepuiations such as U.S. maics. Siudies
of such design ere abic to provide direct
estimyies of excess risk.

The studies used by OSHA in denving
doseresponse relutionships for is nsk
tssetsment cavered & vamety of work
situstions and indusinai processes. This
vatisty improves the predictive velue of
the sk sssessment becsuse it lessens
of silrunatas the possibility that the
results were unique t0 any one
occupsticnal situation or were (n fect
sberrstional. The occupatienal settings
studied were: workers sxpesad at 8
chrysotile textle plant from 1930-197$
(Dement 22 o/, Exs. 84038 snd 84=037}:
Canadian workers at an asbesics
cament f{acility (Finkelsiein Ex. 84=240%
Itulian ehrysotile miners and millers
who wecked during 1930-1943 (Rubine
ot al. Bt 84-38% workers in an asbestos
csment pipe plant (\Veiil o ¢/ Ex. 84
208) warkers in an asbestoe production
plant and asbestos cement pipe factory
(Henderson snd Enterline Ex. 8448}
British werkers marufnctering asbestos
textile produc:s (P to Ex. 84=108)

‘ssbestos mine=s and miilars in Quebec,

Canadg (Liddell ef o/, Ex. 84=30): and in

the Thetford Mines. Canads (Nichoison

¢/ al. Ex. 8473} and workers

manulacturing ashestes frictien - °

;\a’muls (Batry and Newhouse £x. 84=
1)

“Well<conducted wpidemislogic
studies that shew & positive association’
between sn agent and s diseass are
sccapted a3 the mest convineing
evidancs about heman risk™ (Risk
Assessment in the Fedaral Covernment:
Masnaging the Prorvis. Nastonal
:;;;u:b Council. 1963, p. 2%, Ex. 4=
No extrapolatio. lrom animal data to
l‘!hu:mn data is asces: is; order t;

W CATES ity of ashestos. Foe
mest um OSHA must tnfer
humaes bealth effects. such as
careinogenicity, from animmel date.

The results of this nisk sssessment
performad by OSHA agree well with
othes recent sk sssessments performed
by other gevernmantal and eutside
sciunitisis (sus Acheson and Cusdner)
(Ex. 84=215 and 84=243]: EPA (Ex. &=
180%: Xang and Chu {Ex. 84=001): Selikoll
of o/, (34=002): and CHAP (Ex. :4=230).

4. Comparative Analysis. inngnt into
the magnitude of the risk associated
with ssbesics exposure can be gained
By teviening ethae eccupstiensl neks.
OSHA Lelives it is instrystive to
compare ssbeetos nsks with other
workpisce hazards sgreed o as
prescating aa unususlly high degres of

buUP

hegurd. where the 481 sre conguicrud
hath svuilnbie and religle.
The rak of excoss mortality estimatey

s s result of exposure to asvesing af the
condiuons 1n the workpiace toduy
sppears ta be substuntiaily highee thare
other nsks expenenced by werkers from
occupational hjury hazards. The '
Natonal Safety Counetl (NSC) has
reparted the annus! desth rates in 1961
(rom work sccidenis it & vanety of
isdustnes (Ex 84=339). Uning the NSC
data OSHA has reviewed the snauul
moetality from werk sceidents pee 1000
wockers (n seversi indastnes 1n light of
the axcess cancer mortality from ¢

single year of exposure to ssbestos per
1000 workers. For example. in the high
risk accupstiens of sgncuiture end
mmrqum the sanusl mortality
rates {rom work accidents were 0.54 and
038 per 1000 warkers respectively 1n
1981 {Ex. $4-339). In contrast. the desth
rate from work eccidents for all

- industries combined was G.12 par 1000
warkers In 1981,

OSHA bas estimated that the lifetime
risk foe one year of exposure 10 2 {, ¢ of
asbestos is sbout 3 excess cancsr deaths
pet 1000 expased workers during the
remamder of the workers' lifetimes (Ex.

. 4=349): Thus. asbestos worksrs' nisk of
sxoess cancer morulity from e single
year of exposure 10 2 {/ez is roughiy §
times higher thas the risk of sccidental
oceupational fatalities from oae year of
expleyment in agriculture and uning-

quartying. ° ’

-As shown in Table 1. OSHA esumates
+ -that nany workers are exposed to '

b is the victnity of 2 (/e (n

additisn, OSHA calcuisied the sversge
excess cancar risk (0 workers exposed
at conditions that sxist i the workplece
today (for those abave 0.8 {/cc and using
the scanarie descnbed 1n Table 3).
OSHA sstimates ot 10 excess cancer
deaths will oceur per 1000 workaers for 1
year exposwrs: thus tha aversge nisk 1o .
woekers (exposed sbove 0.5 {/ce) in the
workplace today is spproximasteiy 20
times the annual fatal accident rates in
sgriculture and muning-quarmnng.

These somparisons sre sinking. They
show thst the estimated nisk of dying of
cancer {rom asbestos exposure ai levels
sxssting &t the workplace today far
excaeds tha actidental death rate1n the
rnkiest of indusines. Although the
astimated mortality retes {or cancer due
10 ssbastos exposure sre not complietely
camparabla to the total sctual
setadental [atalities. the teview ig
cluarty useful in showing that the
magrutude of the esbesios nsk u greve

Oue exampie of pradicied cancer risx
¢4 & resuit of occupstional expasure 1s
the follawing cancat sk sstumated {rom

i~~~ g
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sceupationul exposure 0 onizing
tediation. The estimated excass cuncer
fatality raie fram & ycars of exposuse to
the maximum permissibie ocsupational
exposure 10 ionining radistion (5 rems)
i3 17 to 28 per 1000 workers {Commuttes
on the Biolopcal ts al lomizing
Radiation (BEIR) )] Ppredictions. see ¢8
FR 1962). Howevet, most redistian
standards (valike QSHA standards)
require that axposure limits be reduced
te the lawast lavel ressoaably
schievebie belaw the exposure limit (the
ALARA principle). Approximately 83
percant of rudiation workers have
exposurws (ass than one-tenth the
maximem permitied lumit. The excoas

- cancer desths 8t one-tenth the permutted
level are 1.7 10 2.8 per 1000 workers
exposed ¢7 years. Asbesics expagures
of 4 years to 2 f/ce are predicted by
OSHA ta result in 84 excass cancer
deaths per 1000 warkers beginning wor'.
at age 28 (Ex. 84-392). OSHA's
caleulation for ths avarsge excess
cancer risk (o worker expassd at
cgaditions that exist in the warkplace
today (for those shove 0.8 {/cc) for 8 45~
yoiar sxposurs. is 194 excess cancer
desths per 1000 waorkers. This figure was
ca.culsted by taking the aumber of
cancer desths estimsted from exposure

., L, -to axisting conditiens (o ¢8 years {ar .
, Jhose werkers axposed (0 greater than
" "0 (/cc of ashestos and dividing by the

aumber of werkers expased (o asbestos
greater than 0.3 [/cc (muitiplied by
1000}

Therelore. ths axcess cancer risk at 2
{/cc lor asbestas workers is estimated
a3 more than twics as high ss the
maximum permitted rediation cancer
risk and abowut 23 itmes higher than the
estimatad cancer risk of 83 percent of
the workers expoted o redigtion. At
existing canditions. ssbestos warkers’
excess cancer risks sre estimated to be
83 timas higher than the cancer nsk
{acsd by 93 percent of the workers
exposed 10 radiation. The risk of
asbestosis further increases the
significancs of the sk {ram asbestos
expasure.

At 0S {/ec. OSHA estimates that 1?7
axcess cancer denths will occur in 1000
workers expased 48 years. Thig cisk is
spproximstely 7 times higher than the
cancer risk [aced by #8 pereant of the
workers evpesed 16 tadiatien. OSHA
finds thut these sompirative risks
strangly suppart OBLIA’s Snding that
werkers exposed 18 sir concentrations
sbove 0.8 {/ec sre lar abave the poimt of

significunt nok and are at grave danger
of dying from cancer.

s. Conefusiva. OS11A's fiading of
“genve dunger” is bused on evidentiary
arul palicy coamdorutuns. OSTHA'S

datermunation thet the magnitude of the
asitmated rsk to exposed workers 15
slarmingly Kigh constitutes the major
compenent of Lie “grave danger”
finding The overail exitaordinary
dearee of nsk. the extent that very high
risk i foupd 1n Many asbeaios using
indusiries. and the vausuady high
mumy of the dats utilited (o muke
03¢ sasasamants present g very strang
evidsntiary basis for 8 "gravedanger”
finding. just ey imporwantiy, (he wrique
gravity of asbestos-caused diseases. 1n
parucylar cancst. such as masothelioma
which is linked elmast exclusively te
aslestos exposure. sirongly suppors
OSHA's finding of grave danger. Also
OS11A's compansen of ths nsk of
asbestos-reisted disesse (o other
indys al nsks underscores the
extriordinarily high risk estimated foe
asbestos exposure. OSHA has also
aoted the concsrns of workers about
current workplace conditions sed the
numerous petiticas for an ETS fom
vaions represenung many exposad
werkers. Finally CSI{A hus reied on its
sxpenencs ia evaluatng and regulating
werkpiace hazards in tecogruzing tie
extraordinery degres of risk curreacy
{aced by ssbestos workers and in
datermuning that such rigk constrtutes
grave danger 10 those workers.

B. Need for an ETS- o

OSHA has detsrmined that this ETS
necaseary 10 protect empioyaes {rom
grave danger. the sscond prong of the
Act's test of OSMA's exarcise of its ETS
authonty (Sectian 6(c) of the Act]. As
explained in detail, the effect of this ET3 .
15 10 save many lives which would
otherwise be lost te ashbastes-relatad
disaase |f current warking conditions
were not changed. OSHA believes that
emaployer can bLe adeguately protecied
sgainst this grave danger only by issuing
an ETS. This i3 bocauss ne other Agency
ection and no other {oreseeable cvent
weuld result in suflicientiy reduced
asbostos sxposures that wouid slieviste
the grave danger. Furtner. the provisions
of-he ETS are taored to effect the
fecessary exposure reductions
expediliousiy.

1. Liveg Scved by lssuing an ETS.
OSHA hae estiraated the aumber of
desths avoided as & result of an ETS
which would reduce the PEL t0 0.8 {/ee
{see Talles 2 and 3). Foe cuncer anly.
based on centinuing sxposures ynder
currently existing conditions for @
manths, the sotenual rumber of lives
saved iy ssumaicd a5 Appeoximutely
210. Bused un contintuing expasures &t
currently enisting cundstions for 1 year,

the potential number of lives saved 1e
estimated at epprocimately 420 Alse.

* QSJA has estmated that the

pup 0907221 J

promuigaucn of an ETS setung 4 3.5 /22
PEL may uvoid 3728 cuncar deains
tasurning 20 yeurs exposure 1o ssbesics
¢of the current work{orce ot eyrecnt
conditions and 7818 cancer dea'hs
assuming 45 yeurs exposure.

OSHA is awure. of course, thet
Section 6{c) of the Act limits the
tffecuve time of 42 ETS 0 § months,
end OSHA concludes that @ prave
danger exisis snd 52 ETS is aecaysury
even U OSHA locuses exslusively on
diis six moath percd. However. the
Agency believes it is appropnate 1o
calculate benefits deriving frow on ETS
using lifetime nsks from 0 and 4§ ycss
of exposure 1o the PEL of 0.5 {/ce
established by the ETS. Althougn the
ETS expures withia § months. Secrian
&(¢} requires that ndemsking on @
permanent standard also be completed
withun § manths. so that there will Pe no
$3p in proteclion (or expesed
empioyees. In OSHA's expsnience snd
judgment, complying with this swiutery
directive and complating ruismaking for
a permanent standacd withia § moaths
of an ETS has and can be dane.

OSHA alss beligves. based on its
expenence, that it fs very likely thet the
PEL established after () ralemaking
will be no higher than 0.8 f/ce. the E1S
lienit. Tharefors, OSHA belisves that the
ETS will resuit in 8 reduced Lfetime
werker ¢xpasures of 03 [/ce or lower foe
20 or 44 years. and that the benefits

" derived {rom these exposure reductions

for these iime peneds are approgniately
attributed ta OSHA's promulgation of
this smergency standard.

&. Emplayee Exposures. To darive
these estimates of numbers of lives
saved. OSHA depended on tts
knowisdge of the lollowing factors: (1)
The empioyee expesure lavele from the
ambient sshestas $iF cONSENIrBLONS IN
the wockplace: (2) the number of
workers exposad at the vanous asbestos
levals: {3} the duration of the exposure:
and (4] the probability of the diseese (or
the rish} sssociated with the cumulatne
exposure. ‘

Empioyes exposure levels are
conventicaally measursd in lerms of the
number of ssbestos fiders that are S
microns or Mare n iengih in one cub:z
contimetar of sir. {/cs. In these terms. 4n
ambient corcentration mey seem to Le 8
small amount of asbestas. Hawever, 1n
physical terms. 2.8 {/¢c tquals 2.000.70
fibers per culng meter {f/m?). Humans
inhule about one culne meter of aur par
houe. depending on degree of phyvicel

sctivity. Thus, at 1 gonceatrating, 3
worker would inhale roughly 16.000.000
filers. § micsons or more i fenath, aver
an eight hour wockdyy.

DU 028322




£.092

Fedaral Reqister / Vol. is. No. 218 / r3day. November 4. 1383 / Ryics 40Q Xezuuwns
B e e R—

Nete ==Depending on the mcus rugl
Procese. P 1@ 104.00.000 Jdditiunul dsucstos
fbery less ISR § MCTOnS N leARIE Muy giso
be 'nhsied. atsurmag et 8t of airbume
ashesies [ibers ace les than § mucruns

QSHA continues 10 e the term. {/cz.
for convemence But fautions thut the
numencal estimetes 3 aie
concsatrations given 1n these lerms are
only one way of viewing asbestos
sonceatrstions end should not be
evaizated without imterpreung the
mesuing of the units,

OSHA used existing information to
estimate worker asbestcs exposure in
each alfected (ndusiry. Deta sources
included government contractoe reports
(Ex. 84=002 and Ex. J4=008}. various
studies reported In the litarsture, NIOSH
Heglth Hazard Evaluations. and QSI{A
compliance dats (Ex. 84=343). OSHA
reviewsd the infermation. and decided
to use the 1980 Research Trisngie
[astitute (RTI) report (Ex. $4=008] a8 the
g:\mry basis for axposure estimates

cause the RTI estimates appasr (0
OSHA o be the most compeshensive. In
sddition. RT? used 4 large aumber of
different dats sources to make thair
exposure istimates. aciuding

. . - interviews. existing documentation. and
el iadunm_nl hygiene surveys of worksites.
« ¢ Usidg the RT3 report as tha pnmary
« reference. OSHA compered RT1 data
with other expesure information
svailable for sach industey. For

example. specific reports weee (ound foe
asuesios cement manufacturing (Fx. 84w
248), exuie manufacturing (Ex. $4=2871
remeva) of sprayed asbesios matenai
from buildings (Ex. 4=282). snd brake
repait {Exg. 84283, $4-296). The
Asbestos Informution Association
previded dats concerning exposures
dunng field fabreauon and 1nstuilsiion
of asbestos cemant pipe and sheet in
controlied conditions (Ex. s4=293). The

_Eavironmental Sciences Laborstery (Ex.

$4=002) sls0 made best estimates of
warker expusure in various industries
for 1973,

in addition. OSHA usad its own fleld

- inspacuon expenence o estimate

expasurvs. OSHA reviewed seiscted
case filos and obtained information that
listed QSHA asbesios messurements
during compliancs inspectiens frem §/1/
79 10 §/31/83 (Exs. $4=334. $4-385).
OSHA adjusted the RTI astimats 88
appropriats. based upoa 8 qualitative
judgment as to which dats best
represent existing expasure conditions.
OSHA's axposure astimates are based.
therefore. upon @ subsiantial dats base
284 ypea contigdersble expenence 1a

- enforcing tha exisung asbestos

sundard. N .
QSHA wsed the empleves exposure

leveis tn each industry 0 caicylate the

awmber of deaths avorded by reducing
the exposuta from curren) levels to the

Snlog S00E ¢590-00-i8

emargency PEL Allemative expasure
distmbutions used {oF senginvity
anaiysis wili be grovided n the
Preliminary Reguiatory Imoact Analyss.

OSHA beireves that the exposure
estimates sre relstively goog. prven‘the
state of ihe art of worker exposure -
sstimation wechrugques and dats
svailable 1oday. OSHA u not sware of
any other avatlable current sxpasure
atimates.

Indusirial hygiane reparts of
operutions in the same 1ndustry. but at
different werk sites. invenasiy report
different asbestos axposures among ("¢
workers. OSHA reviewsd these reporis
and made decisions regarding tvpical
industry practices. For same operauons.
such e brake reliming. severs: reports
waere svailable with complete
deseriptions of the working envirsament
aad OSHA was able 10 use these o
makg direct exposure esumaics. Other
reports. such as “Remavs! of Pre-{formed
Asbestos insulation” (Ex. $4=2881.
described careful processes for asbestos
handling that did act sppesr
representatve of the methods usad
throughout industry. sinee the reported
1F CUNCANLIETIANS wEre a0t cansisient
wath other reperts showiag higher
exposures (Exs. 84=200. &4=262).

ble 1 shows OSHA's ssumatss of

. employse exposure 10 ssbestos by

industry segment.
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Daly from OSHA'S Munagument
Iafurmation System MIS) indludes a list
of oil asbestons sampies reported by
QS!IA field staff dueing june 3. 1979 10
May 31, 1983 {Ex. 84=353). During this
pencd. M3 cighl-ho@ Limesweighted
sverage (TWA) samples were callected
ia many dillecent industries. Of the 949
samples, 73U{?TN) were below 0.5 f/ee
158 116.4°%] il Datween 0.8 [/uc and 20
{/ce and 42 (6.5%) ware sbove 2 f/ce,
QSHA slso reviewed the M!S summary
separt where the messurement data
were groyped within Standard Industrial
Cade (SIC) clasuifications (Ex. $4=354).
All these dats contributed to the
development of OSHA's bast exposure
esnmates.

{n conclusion. OSI{A has used its
expenencs in enf{craing the existng
ssbastos standard (o datermine the best
astimetas of worker exposure in the
industnes. On the whois. in compenson
to other 1oxic substances presant m the
workplace. asbesios exposure
information 18 wail reported. Given thet
OSHA experience 15 considerable.
OSHA believes 1ts ssumates are
ressonabls and sppropnaie and provide
s satisfactory basis for judgments
regarding the extent of nsk existng in

© waorkplaces.

+ QSHA scknowisdgex however, that
the exposure information cancarning
asbesios remaval and reagvstion (n the
construction industry is less cartain thaa
the other estimates. Despite
uncertaimitias in qualifying sxposure in
the demolition/remnval category. OSHA
foels that this best estimate s based
upen evidence that is both reasonable
snd the besi avaiisble. Furthermore.
QSHA balieves thet any changes made
to the estimate as & resylt of the
uncerginities wouid notbe of s
sulficienc magrituds to warrant 8
ching 11118 Dasie findings.

% Colculaton of Lives Saved and
Diseose Avaided. The Lenefits provided
by this ETS consist of cancer desths and
disabling asbesiass aveided. The
estimates of deaths svorded by lowering
of the expusure litut by the emergency
temporacy stundard ure based on the
martlity retes des eloped in the risk
sssessment discussion. To generate the
uxpected number of excess deuthe
attnbutable to asbestos in the US.
wogkforee. the expeciad rate of

Mortality 3t each exposure luvel was
multiphed by the popululiun exposed ot
thet level. The expecied mortelity rale
frum euch caposure kevel wug derived
fram QSHA's quantitutive mek snatysis
(Ex. 84=392). The expected numizer of
desths st the recuced PEL was then
subtracted from the expecied number of
desths 3t the curreat warker expasure
levels (o determine the esumsted
aumber of dewths svoided by reducing
the permissibie exposure’limit. Tha
Genefits are expressed (n terms af

estimaiea deaths rether than dJisability

because the types of cuncer sssocisted

wilh ssbestos exposure have & very
peer survival rate. .

. An example of such & calculation
follows. To calc:late the lung cancer
desths svoided during one year of

—expesure to ¢ worker population in the
construction indusry who are engaged
in the instatistion of asbestos coment
shest: .
Pepulation » 1788 [Teble 1)

Estimsted Current Exposure Lavelw 20

f/ec (Table 1)

Estimatad lung cancer risk [or one year

8t 2 {/ccm144/100.000 (Teble 11)
1. Caleulate eynected deaths for

installers of A/C sheet huving one year
of exposurs at 2 {/cc exposure level: -
Population x riskeezpectad deaths

[1768) (144/190.000} @ 254 0 .

approximately three desths among
tnstaliers.
2 Calcuiste expecied deaths lor

instaliers of A/C sheet at PEL ol 0.3/cc
for one year of exposurs:
Estimsted risk at 08 {/ce = 38.1 per

100.000 {Table 17)

Populstion x risk w expected deaths

{1783) (36.1/100.000) = 0.84 OF
spproximatel  one death smong
instailers
3 Caledate ﬁm cancet desths

svened or lives saved for A/C sheet

insiailers by reducing exposure 10 0.5:

subtract expecied desths 81 0.8 [/ce

frem those expected st 2/{/ce

1234) = (0 64} » 1.9 ar spproximately twe

lives saved.

" aumber of canzer ueuths gvorded rom

thuse cxpected duc 18 20 yaurs expus.. e
at the esumated Surrent exgesuse icvo's
SSSUMING WOTKEr EXPOSUrE GARuN 4t 32
28. The benefits wure caicuiuted vurg ¢
base of 20 ycars exposure because. s
stated eurtior. 20 years 8 an estimate of
typical lifctime axposures for soma
workers. Exposures of 6 months. one
year and 45 years durstion sre wiso used
lo shew the grave danger and ths need
for the sisndard. based upon 8 0.8 (/cc
PEL {sce Table 3). ’

Fer Table & OSHA bases its
respiratar sssumgtions in the
construction industry sad shipbuilding
Industry on its snforcament expsrience.
on uts famuliarity with the industries.
trade unions. and industrial hygranists.
and on avsilable studies on this subject
OSHA believes that these estimates
may overstate the degree of respirator
use. This would lead 1o underesuimation
of benefits of the ETS for the foliowing
reason: The fewer workers in
campliance with the current
requiremnents [or respirator use for
ambient exposures exceeding 2 f/cc. the
greater the patentiel benefits from an
ETS mandating thet workers be trained
nt_a‘rdin. the signficant risks from
23543108 exposure and the impartance
of using respiratoes. Also, werksrs
currently‘using respirstors will beaefit

further reductions from 2 [/cs 10 0.8

" §/cc. However. if respirgtors mandsted

* The estimuted ber.ofits derived irom

expasurs reductions (o several PEL's
wivieh OSI1A is esnsidenng for 8 final
‘standard ara presented m Tebio 2.
These beaclits represent the estimated

by the ETS are not used proparly or
coanstently, then the aumber of cancer
deaths avoided 13 an overestimate.

., To test tha resuits OSHA also
calcuiatad the benefiis sssumng the: ail
shipbuilding/repair and canstruction/
renavation/demolition operations
comply with (ae curreat standerd. All of
the shipbuilding/repair workers wouid
thus be pratected by respirators wh.ch
weuld reduce exposures to 0.8 [/ec. The
coastruction workers would have sn
sxposure of 2 [/ce. The benefits of
reducing the PEL 1 0.3 {/cc would.
therefare be caiculated as the difference
between expected deaths 812 [/ec and
the expectod deaths at 0.8 [/ce for ail
warkets in these segments. Table 4
shews thase benefit estimates.

GELENG ONOL (30108
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Although the resuite in Tuble ¢ show
fewer benefits OSHHA balizves the
aumber of deaths svorded under this
scanano. 80 for ux moaths. 182 for t

! Tasle ¢

)

ove————

year, 2418 (oF 20 years. and 3513 far 4§
Yoy indickte & grave dunger and
accesastate this ETS scuon. R

Cancer Deatns Avordes witn a 0.5 f/ec €1

Assuming Comgliance with tne 2 f/ce Staandard

{ndustry Sector

6 montng | yeer 20 years 45 years

Primary manufacturing 2 ¢ I 17¢
Secondary eanufacturing 12 31 [YA] 684
Aytomotive Aftervarcet & 8 3 194
Shiphuilaing/Reparre o 0 0 0
Construction® S us &i A8
TOTAL % 12 W pi3R}

*OSHA issumes that the entire {adustry sector comblies with the 2

f/ce standard througn vse ST ceatrels or resgirators capatie of

- - . .reducing exposure ta 0.8 f/cc.

.
-

e *

*eOLHA assumes that the rendvetion and cemolition indusiry sectors

are protectes ts 2 f/ec Dy use of MNalf sask air purifytag

respirators.

3. No Qther Agancy Action [s
Adequate To Protect Em2ioyees Agoinst
This Creve Danger. OSHA belisves that
Congress intendad that the ETS
suthanty may be exerc:sad when OSHA
deterrainas that s grave danger s
prescented and when the provisiens of
the ETS are crafted to be an
immediately eflective means of
protecting employees against such
danger.

OSHA. hewaver’ has evalauted the
potential capability of other pessibie
actions to reduce the risk from asbestos
expesure. OSIIA kas determined that as
other sgeacy ection short of issuing this
ETS which compels an immedisie lgun
lold sxposure reduction will suliciently
protoct empluy s aguinst the grave
daager of developing asbestes reluted
discase. [n maiking this determingtion

-

QSHA considered the usclulness of
stepping up enfercament of the curtent
asbestos staadard and initieting s &)
relemaking proceeding to permanantly
reduce exposure levels. These sctions
will be discrased ia tum. OSHA notes
that thase rcticns are not mutually
sxciusiverand in fact. OSHA is both
s\pping up its ealoreemant acuvities
and ambarking on & required §{b)
rulemaking a9 coordinated sctivities in
sddition to issuing an ETS.

{#) OSHA [irst concludes that merely
increasing its enforscment of 1he currant
asbestos stendard would net sullisiantly
reduce the grave nsk of ssbestos-seluted
disense to sxpased workers. Even
such inczeased enforcement resulted in
immediately uniform compiiance with
the current 3 {/cc standurd in it
industrics, nsks to asbestos-expased

" workers would remain unaceestabiy

bigh. As stated above. OSHA hay
esumated that st s 2 f/ez lovel
employces exposed over s working
Lif:um of 3 ’.mk.? predicted 10

ave un excess nab of dying from cancer
of §4 in 1000 and of contracting diraciing
asbestosia of 50 in 100 employees
exposed over 20 yesrs are predicied to
have excess cancer sk of & 1n 1000
and a disabling asbestosts nek of
sppreximately 42 in 1000. Even st
sxposures lastng cae yesr. an estimated
3 employees out of 1000 are predicted 1o
die of asdestos raiated cancer. gnd there
is also additiona] nsi of developing
asbestosis. Risks at the 2 {/cc [evei have
besn scknowivdged 48 unsccaptable by
other governments which hsve reduced
their permisnible levels balow 2 {/cc.

Te estimate the number of lives at
stakas if only the current standard were
{mmediately enforced instead of
compalling a 0.8 {/25 level through this
ETS. OSHA made other calculations
using certain sssumptions about sctual
compliancs levels.

For this anslysie OSHA assumed that
all construcuon. renavauen and
damalition eperations comply with the
current standard so that werkaers in this
{ndustry would have expasures ef 2 f/ee.
The diffsrenca ia the sumber of deaths
avoided by complisnce with the 2 {/cs
standard with those svaided

. from compliance with the 0.5 f/ce ETS is

sull very aad shews that asbestos
expasure even at 2 {/ccrepresents &
grave dangsr to such exposed
smpleyees. Table ¢ sets forth the results
of thess calculations. Thus. for 3 20 year
period of exposure. CSHA estimated
that merely snsunng compliance with
the current 2 f/ce limit may cost 2418
smployess thar lives. For one year of
exposure. OSI4A esamated that 182
empioyres may dis If exposures are not o
reduced (8 0.5 {/ce. assuraing full
complisnce with the current 2 f/cc limit.
OSHA baiieves that thase benefits
(f.a lives saved) represent the lower
bound of those that would resuit fram
the ETS (or two ressons. Hall mask
respiraters which may be used at air
concentrutiuns of 20 f/ce 1o comply with
the currant standard may not effectinely
reduce cmployee exposure delow 2 {/c2
Further under the ETS. half mask
respirutars may only be used i
workpleces where concentrations do not
exceud § {/cc. Employees in workpiacrs
between § and 20 {/ce must use mere
ective respirators under the ETS.
enee, 1t is likely that (hete actual

DUP 0907227

JT370#

DU 028328




51098

Federal Register / Vol 48 No. 218 / Friduv. November € 1983 [ Ryjrs 3nd Regilationa

rrposures may Le reduced 1o below 0.8
I'cc and the benefuts of tie E1S will be
turrespandingly wncreascd. Further, an
ETS by asiure of the sctiaa itseil. and
the scaampanying enforg mont program,
wiil undoubtedly boost the incontives to
comply with all protecup provisions of
the asoestos stundurd.

() QSHA rejected relying on merely
beginnung Section &b rulemaiung
proceediags 10 revise the standard to
reduce the PEL as an i1nsdequate
response o the grave danger faced by
asbestosexposed worher. Beginnung
rulemaking proceedinzs resuits 1 no
immediste workpisce chunges.
Empioyees would still sontinue to be
exposed 10 thase conditions which
define o grave danger {or at leust the
pendency of the rulemakiag ln QSHA'S
experiencs. completing &bl rnulemakings
not initsted by an ETS concerning
hazardous substances can laks maay
years. For example, the coke svan
emission standard took spproximately
3Vs years. the jead standurd. more than
¢ vears and the cotton duet standard,
mare (has ¢ Jesrs. These periods do aot
include aay of the additionsl deiays 11
the efTective dates of OSHA sterdards’

- that were dug 0 judiciaily imposed

nay% which have resulied 1 dalays

- lnpting sevarsl ysars. Under the mest
favorable circumsiances. however,
OSHA believes that it is pasatbie thata
section §{5} rulemakung limited (o the
issues raised herein might be completed
iég'vmu'uui)‘ ooe year. sbsent an

As showu sbave. the estimated risks
of deveioping asbestas-teiated cancer
due 10 axposure for one yeur undet
carrant con Zilions. ace su.i!
extraordinanily high. The sdditionsi
mshs of developiog asbestosis due 1o
one yeur's axposure under curreni
conditions. although quanufied with less
corainty. ate aisd more thas significant.
OSHA siso beheves that the nsks of six
months exposure, appraximated by
taking over hall of U.e one year risks
under curren: coadiiions. uise are
unuicseplably high. OSHA emphasizes
a8 stuled sbave. that OSHIA'S
evperiencs shows tiut withaut ua ETS.
proceedings leading te & parmunent
health stundard ste yalihely to be
compited withis & sis manth d
The explunation of OSIIA's capalidity
1o producs » standard withis 6 munthe
of un FTS liss ia the urgeney genarsiod
by OS1IA's Ginding of 8 gruve dunger.
the easstenc- of 8 gpecific staluton
deadline 1 complute ¢ ruicuaiune

within 6 inontiv und tie nced to provent
L4

o ——

8 23D in proieatign botween the
expirytum of the FTS and Ihe iMmbutition
of the permaacar stendard for 8
tubstunce uircady determined 10 present
8 grave dunger.

OSHA wisw Lelieves thet it is heiplul
10 evauinte the axient of nak resuiung
frum lifetime exposure penods of 20 and
48 yeary in the absence of this ETS. As
shown 1n Tables 10 and 11, these naks
are extruordinarily high. .

4. Other Factom Indicating'a Need [or
an ETS. Although worker expesure 10
asbiestos has Baen declimng over the
ysars. OSHA belisves that exposure
conditions will continue to present grave
danger in the neasr future uniess sa
emergency standurd is promuigatad.
OSHA bases tus finding o0 1ts
evajuation of exposure information,
asbesiot use statisuics, considerstion of
the nature of industnal exposure today.
and the degree of complisnce with the
current standard.

Although OSHA anticipates & decline
in use of asbestas in produsts, this
decting will not materialiy affect
ssbestas gae 1n the nesr futyre. The
extensive tort litigL on regarding
sstesios and e swareness of health
effects ‘associuted with asbestos
sxposure provides strong inducements
for producers and wsers of products to
switch to substututes for asbestos.4n *
fact. sshestos consumpnon hus declined
over e years as shown:

U.§ Consumptien

Tyer Pattern (1000 coas)
1978 552
19% PR 1)
1922 22
i oy
1wy £
1908 460
1981 Jf'
1582 FL3

Worker ushestus expusures witl
eantinue, Buw e e, for many ycars it
the future Lgcause subistitutes fur 1ome
proclicts dn nut spdwsr immcdiately
avatlulle, |

For other praducts. ol replucimoent

.

Py - . -

b g
pars wiil be necded fur many vears. For
2xymple. eutomobile munulyciurers may
twiteh 10 nen-atbestos bruxes yad
cluteh fycing 1n ncw vemcies 1a the neat
severul years. Old vehicles. containing ;
s1bestos parts. will remain 1n yse for
many years theresfier. Paik o1 u). found’
ovar half of all muitistory buldings
sunveyed (88 cut of 127} contaned
tptayed on ssbestos mutenal (Ex. bim
282). The patential for aadestos
eXPOSUTS axusls &3 long a3 asbestos
temains in these butldings. Reaovation
work in the building such as reiocating
walls and elecincal winng will result 1n
continued exposurn for carpentars.
painters. elecinicians. luborers. sheet

metal workers and otters.

Therefore. OSHA does not believe
that major exposure level reductions ure
about ta accur in the nesr fuiure. The
trend towards reducticn in ssbestas use
and asbentos exposure has beca 8 siow
gradual process with the exception of
instances where the gevernment
intervened. For example in 1973 the EPA
Banned use of sprayed oa insulation
contatnung more than 1 percent
asbestos. Withayt OSHA acting ot this
time. OSHA predicts that the grave:
danger conditions will parsist, certainly

* . during the period required for OSHA'S

issusnce of a Kd) standasd. and
probably {or many years thereafter.

3. The Need for the Specific
Provisions of the ETS. The provisiens of
the ETS require the employer to use any
method of control to reduce empioyee
expasure {0 0.5 {/cc and to train workers
conearning the hazards essociated wath
asbestos snd proceduses for reducing
the nsk. These provisions must be
implemented immediateiv OSHA
beliaves they sre greatiy needed to
afford emplovews meanmgiul protection
As the benefit section explaincd in
detmil. compeiling exposure reductions
through an ETS will result 1n g grest
sumber of lives ssved.

{n sddition. as s:ated earlicr OSHA
believus that 1ts estimutes of the dugrey
of eump’ianet with regpirator
requiremeats in the eoastruction und

~shiphuslding industry may overst:te the
degree of present rrspirator use. Thus,
OSI 1A may he sndersiauing the benelia
10 be durived frnm an ETS. and henee
the need for sueh an ETS ta bie
premulgated. In additinn. OSHA's
estimntes of expasures in demoiitiun
and rengvation sepments af the
corstretion industey sre approsimatei
N {/ce. Beeawse undrr the ETS the PFL.
ia luwered 10 0.5 [/cr. the nirborne
EONCIALPULION at whiLh mury prulrcine

pup 0907228

7"

i -

7

J%3

DU 028329



Fedaral Registar / Vol ¢4 Nn. 218 / Friday Novemier 4. 1081°; Wuics <na ne

BT T PR .03

———

respirators (with a protectian fuctor
exceeding 10] must be womn drops from
20 {/es (10 immes (he former PEL of 2 {/
ezl to § {/ce (30 times the now PEL of Q.S
f/ee). Therefors QSHA belicves that
more warkers will war mare protective
respirators under th than yader
the current permanedt standard. that
their sctual exposure levels wul be
reduced 10 below 03 [/cc end
consequently that thew neky will be
reduced even more than the caiculations
, ndicate.

OSHA Ands also that requiring @
training program 1o be :nsututed 8
quickly as possible is oae of the most
sffective mathods of maximinng the
beneficial impact of the exposure
reduction snd of all the protective
provisions of the current standard. Thus,
the content of tus ETS has been chor
as the most efTective shoret-term stra ¢y
to reduce ssbestas risks which wiil be
ascceptled and implemented.

& Conclusion. OSHA fiads that
workers exposad 1o asbestos in the
wotkplace st axisting expesure
ronditions ssed this emergeacy
(amporary standard Lo protect themh.
from the greve daager presentad by

.thess conditions. OSMA finds Yhat by

*" * zompelling ¢ reduction ta exposure 19
* 7.. 0.8 f{/ce for thase employees presently

exposed aver that level, many lives will
be saved. Trasuag impesed by the ETS
will enhanes the nsk reductions.
sithough quantification of that
additional reduction cannot be
calesisted. 0.9 {/cc is the lowest {easibie
lavel achievable through his emergency
scuon. where short-larm impiementation
of the conurols is required.

Only by issuing an ETS cumpelling
reductions in exposure levels below e
current permismbie limut ol 2 §/ce can
OSHA Uring sbeut adequate reducucns
in risks. The sdministrative ection of
stepping up enforcament of the current
standard 13 3a inadequste response io
OSHA's finding that current cunditiens
presant a grave dunger. :

OSHA does net Lelieve that any
sigmfiicant reduction will ocexr withia
sn sceepiudis time period without Bis
emerycncy standard actisn. OSHA has
ouserved 8 reduction in
asbesius use. but, in the Agency's
sxnenence. significant and rapid
exposure reductions usually occur in
response to standards. The provuions of
the ETS will sinficantly reduce the sk
and reduce it quichly. Therelore OSHA
has determmed that the E18 is
neceasary to reduce the grave dunget.

o

IV. Oczupationel Health Data

A. [ntrodyuction

1. Agbestos-related Disooses.
Ashestios exposure can cayse s aumber
of disabli~g and fatal disenscs. Among
these diseuses are lung cuncer. cancer of
the mesothetial lining of the pleurs and
pentaneum. and ssbestony. [t is also
likely that ssbesios incrauses the nisk of
gustrointasunal cuncers. Of sl the
diseases caused Dy asbestos. desth from
lung cancer censutuips the grestast
bealth risk {oe Aunerican asbestos
~workers. Lung cancer has beea
responsible [or over half of the excais
mortality [rom asbestos expaosurs 13
some accupautionsl coborts.
1"+ relationship between lung cancer
27 8sbestos expasure has been
established by aumerous epidemiologic
studies of diverse groups. Asbestes-
{nduced lung cancer usually has s
latency period in excass of 20 years and
may be disgnosaed st an earlier age than
for nen-exposed persars (Craigheud et
al. 1062 Ex. 84=033). Few cases of lung
cancer are cursbie despite sdvascss in
medical snd surgical oncology. Only %
of lung cancer patieats surviva five or
more years after diagnesis (American
Cancar Society, 1945, Ex. 84-160).
Asbestos expasure acts synarpistically .
with cigareiie sraoke to muitiply the tisk
of developing lung cancer. .
Mevothelioma also has been”

conclusively shown to be asseciated
with asbestos by many studies. [n some
sshestes-expased occupational groups.
10%=13% of deaths have been
attributable to mali t .
mesotheiiomas. Malignunt
mesotheliomas of the pleurs and
pentoneurs are axtremely rare in
persons ‘ot exposad to asbiestos.
Ganersily. & latancy penod of at least 28
10 30 ysars is required (n order to
observe mesotheliomas in en
occupational cohort. Same victims of
nosothalioms have had a latency period
excecding 43 years since their initial
exposure 10 asbestes (Cruighcad ot sl
198% Ex. 04=033]. This form of cancar is
rarely cursble and is usuully fatul within
a.year aflter disgnoms. Thers is a0
evidence {or a relstionship between o
cignretie smelung and mesathelioma
nsk.

Asbestos exposure can cause pleural
and/or other pulmonary discase. Plaural
plagues ses one of the markers of
expeaure and may deveiop within 10 to
2 yenrs aliat the utial exposure.
Magques sre opuque patches visible oa
chveat X.raye that consist of dense
stzands of collagen {conncetive tssue
protoiny lined by mesathetial celis. All
commercinl types of nsbeston induce
plaques. Mugues can occur eveon when

pue
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fibrosis s sLsent and du not scem (o
reflect the scverity of puimunary
purcachymal disenss. Pleyeyi
calaification 18 alse commoniy found o
persons wao have been exposcd 10
;;Jb'esws {Craighesd ot ai. 1982 Ft 8w
Asbestosis is pulmonagry {ibrosis
caused by the sccumulstion of asbestas
fibers wn the lungs. Adverse efTects of
asbestons renge (rom shortness of
breath upon exertien to cyanosis.
efTusions of serous {luid. respiratory
{ailure. cardiae decompensution. and
desth. Often. asbestoss 1s a progressive
disease. even in the sbsence of
continued exposurs. Symptyms of
disease ere shoriness of Lrenth. enugh.
fatigue. end vague [eciings of picxness.
When the fibroeis worsens. s orress of
breath occurs even st rest. Cre cunical
festurs of sarly ssbastonis as weu 83
other lung diseases 13 end-inspirsiory
erachles {reles]. Diugnosis of ssbestosis
ts based upon the presence of
cherecteristic rudicicgic changes.
sympioms. ries. other clinical festures
of fibrosing lung diseese end & history of
exposere 1o ssbestas. Cigeretie-smoxing
ssbesios workers may have an
1ncreased nsk of ash relative to
non-smoking asbesics workers.
(Craighead ot ai. 1962 Ex. $4=033).
Same epidsmiologic studies have
observed {acresses s esophagesl.
stomach. cole-rectal. kidaey. laryngeal.

- pharyngesl. and buccal cavity cuncers.

Whilg the magritude of increased

. canesr rigk for thesa sites is not as great

s far lung cancer and mesothelioms,
the increased risk is nevertheless of
considersbie mperiance because of the
high background rates of some of thess
tumors 1n the gencral population. A 507
iNCITasE IN & CMTMON CANCEr SUCK A8
coio-rectal cancer resulls in many more
deaths than a $03 (ncrease in & rare
dancar. Colo-reciat cancer. if detected
and trested in an sarly localized stags.
Bas & five yeur survival rate of about
0% (American Cancer Sociaty 1543, Ex.
$4-180}). Surgical and medical restment
in isss successful for the othe: sues
listed ubove.

Advarse eficcts from exposure to
asbestos have been abserved in wourners
invelved in asbestos cement pipes anc
shingles manu(scturng Enterine et w1,
1973a. 19734 Weiil ot 8l 1979,
Finkeistein. 1942 1983} (Exhibus =122,
S4=123, $4=208, $4=044, 84=2401. 2sUCsICS
mining and milling (Waeaner ¢t wl. 1300
Liddall st ats 1077 McDonald ¢! al..
1900 Hobls et sl 1983 Nichoisun et xi..
1978 Ruline ot sl 1979) (Eahibits 2-21.
$4=038, $4-088, $4=132 $4=07TI M-~0LCi.
asbestas texuile manufuctuning lpuil‘
1835 Prto ot al, 1960: Borry ot uil 1879
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Cement ot 8l 19331 (Exhibits ¢4=040, $4=
149, $4-020 #4337, ingulation woek
(SeliofT et ai.. 1979} {Exhibn 84=090),
shipbuiiding {Sehikoff et al. 197%; Slet ot
). 1980 Tagnon et sl 1990} (Exhibits
<051, #4-109. $4=182]. aBd in & vaniety
of ssaesios praducts murglactunng
industres (Jones ot ela 100G | [enderson
and Enterhine. 1978 McDonaid and
MeDonsid. 1978 Seidman et sl 1978
Rolinsan et al. 1979 Acheson ot sl
1981) (Exhibils 84=138. $4=048. =154,
$4-087. $4-082, $4=103}.

1t should bx noted that 2 fibers per
cubic centirceter, which is the current
OSHA standard, i3 equivaient to &
m.lion fibers per cubic meter of sir.
Becsuse humans Bresthe in about s
cubic mater of aur every hour, depending
on physical exertion, the current OSHA
PEL {or asbasios allows workers to
inhsle 2 milion asbestos fibere per hour
dyring s $-hour wark day. Foe the sake
of brevity, subsequent discussion in tus
preambie will express exposure in lerms
of fibers per cubic centimeter ({/es)
rather than fibery per cubic meter.

Neta=The cerrent OSMA standand
tncivdes asbestes fibem § micToumaters e
mere (2 length. theraby excluding sharter -~
fibers. Since up te 1% of irborme asbesis
ibery e shorier thas § miCremeiern.

Preivmidythranbid by R
8! s

werk day. aid

fStnec OSHA‘ l.. ’::l::‘ﬁﬂ of a notice
of proposed rulomaking in 1978,
additional studies havs confirmed that
ssbestas exposure causes 8 high risk of
cancer. In sddivon. much mare complete
data on the nature of dose-response
relationships far asbestas-induced
diseases are now available. These
studies generally indicate that the PEL
set by OSHA in 1972 {s inadequate to

rolect 8sbestos workers from eithar

disesse or cancer.

The {oliowtng agancies and
erganizations have reviewed the heaith
data lar asdesion: lniematienal Agency
{or Reseurch on Cancer (LARC) (1257,
Ex. $¢=321}. Organization lor Economic

. Cooperation and Development (OECD)
(1579, Ex. 84=337). NIOSH (1970 1980,
Exhibiis $4=338 snd 84220}, Advisory
Commuttes of the Health and S3faty
Commission of the United Kingdon
(1979, Ex. $4=2101, the Chroaic Hassrd
Advisory Panel en Asbestes (CHAP)
(1963, Ex. $4=130). and the US.
Eavironmental Precection Agency (1902,
Ex. 84=100. All of thess groups have
coneluded that there is & causal
relationship between asbestas expusute
end the develapment of cancer snd non.
malignant respuatory disesse. NIOSH
recommendcd reduction of the PEL {or
ashestos 6 0.1 fibers per cubne -
esntimoter (0.1 {/ce} 0 1970, 1a 1900, 8

jount NIOSI{/QSHA Ashestos Wark
Group stated thal there was no level of
exposure Lo ashestos below wnich
clinfeal elfects d.d rat ocsur and
recommanded o PEL of 0.1 fibers per
eubic cenumetar (0.1 {/cc) based on the
lmitations of curtent technologres of
measunng air concentrahons of
asbastos. The 1979 report of the
Advisory Committes of the Health and
Safety Commussion of the United
Kingdom, hereafter referred 1o in this
section as the UK. Committes. led to the
reduction of th+ British standard for
asbestos to § {/ce for chrysotile. 0.5 {/ce
for smosite. and 0.2 {/ce for crocidolite.
Currendy. it ¢ spears that the United
Kingdom may lowar the PEL for
chrysoule to 0.8,

& Evoluation of Risk. OSHA's first
step ia anaiynis of risk of disesse from
exposuse (o ¢ potentisily hasardous
sgent 13 8 qualitave evaiusuon of
saentific data. This eveluation tnvoives
reviewing humas sad ental
studies @ consider such {actoes as
oversll study design. nethods of data
collection, biologic plausibility of
findings. cons:stancy of findings (rom
differsat studies. temporal correctness -
of the aspoziation. and other lactors as
weil 03 generei scientific judgment.

Subsequently. after ¢ specific agent

hazardous. the |

has beeo judged to be
quantitative expasure-respense ’
relatisnsiups between the sgent azd

disense can be investigated. The
available data on air concentrauens of
the sulistance er biclogicsl indicas of
expesurs. such e fiber contants within
lungs. can be reviewed [or cohorts of
werkers demonsated to have an
increased nsk of disasse. If workars
with sn sbesrved excess risk of disesse
have recaived cumulative exposures
permitted by the curvent QSHA
pefmussible expesust limit then s
potential significant heaith nsk from
exposure (o the PEL hae been
established. Uf the warkers with

" observed axouss risk recatved

cumulative ex sbove those
?anmcd by the current PEL, then risk
rom the currant PEL may be estithated
from risk observed at highar levels by
w dose-cusponse exurapolatiaa

els.

Tha saction. Eaidemiologic Evidence
on Risk {rom Lxposure at the Current
PEL. will discuss the extent o which
excess nsk has deen odserved lrom low
exposures @ ashestan. Section Vo
Quenutative Rish Analysis. will discuss
the prediction of excess risk {tom low
ssbestos expasures using dose
estrspolation moduls bused on studies
abearving excuse nisk in humans. QSHA
considers thet beth risks vbscred by
studies and tisks predicted by dose-

pup

extrapulation models are valid
‘ndictors of the existence of sigrufic.nt
hexith nsks.

Exposure data [requently sre not
svailgbie for workers exposed Lefore
1970. Whars histoneal exposure dqta
are svailabie, the date aften have such
limitauions as having been eoliected and
anslyzed using (ndustnal hygrene
lechruques no longer (8 use or having
been coilectad (a only some sreas of the
warksite ar Raving been callected on
oaly & (ew occasions. Therelare. of
ascassity, estimates of dose-response
based a8 ‘:r:dc-iolme studies will
bave ¢ fairly broad range of uncaruinty.
OSHA must examuns the best availabie
data on exposure-response to smve at s
determainauon of sigruficancs of ruic.
despite inherent end inevitabie
uncertainties in the data.

The currsnt &-howr ume-werghtcd
svetage PEL for ssbestos of 2 ibers per
cubic centimeter (2 [/cc) savisages that
werkers will 30t receive 8 cumuiative
expesure 100 {/ce-years (w2
/o x 53 yesrs of sccupationsi
exposurs). For asdestos. OSHA believes
that 4 numbaer of studies suggost thet
increasad risk of lung cancer. asbestosis.
and mesothaliona have eccurred rom
cumulative expesures estimated a3 close
10 or below 100 {/ec-yeare.

NotgoOBHA typicaly uies €3 years as
the perted of & full werking Lifetirne for
purpeses of quentifylag nsk frem exsesure to
toxic agents. For ashesine. magy saanusts
have uted 50 yoare W represent & fuil
werking iifsume. Thus. ot <8 years of

“expenure and 30 yeurs of Lxposure are used
{a this document !c&cmv{mnfmm
does Iatiomsips foe 24

{n these studien, the cumulstive
exposures resulied from sxposure /evess
sler thaa the current OS![A PEL ol 2
es far an 8-hour day. For example.
warkers whe sccumuiated 100 {/ce.
yaars coukl have been exposed 10 00
aver.§c level of 8 {/cc for a penod of 20
years. Sactica B.(3). below. discussas the
spidemiologic tvidence for risk from low
axgesures ia more detsil. OSHA
believes that 8 sigmficant health risk
has been obeerved for cumulauve
expesures that could be accumulated by
wockers exposed to ns moes than the
presant PEL of 2 fibers per subic
cantmater (2 f/cel
Latimates of curauiative exposure are

spproximations of lotal dose rectived
by & wocker during tae penod of
smpioyment invelving expasure i
asbesios. Cumuletive exposures
generally are estimated by muitpiying
the varying intensities of expogure. such
a8 the S-hour Ume-waighted sversges.
by the number of year's exposed. Mast
thesries of the mechanum of

»'»-’!‘Q
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cursinogeness assume that the mek of
trunsiormution of Larget cells to cancer
cails increnses with increases 1o the
totel dosa. Exposutes recaived alter
such 8 irensformelion §as tuken place
may a.d the douloum}m aof cancur, but
have not caused the cfncer. Thus. in
some nstancas asing lotel cumulative
eXposure May overatate the exposures
suflicisai ta produce increased cancer
riak. For Uus resson. some
epidemialogisis omit the later years of
exposure W ¢ carciaogen in analyses of
morulity (n relation ta cumuistive

uroum

n addition te sumulstive expesure.
intenuty of axposure can be cxamined
ia telstion o ditease. Intensity of
exposure is ofien approximated by &
heur time-weighted sversges (TWA'sl.
The OSHA PEL of 2 fibers per cubic
cantimeter (2 {/cc) as on $-hour TWA
has oniy been 1t efect since 1978 Al
this tune. 1t does not appesr passible 1o
datermune whether mtensity of exposure
has an effect ou disesse nsk separate
from that of cumulative exposure. This
{s becsuse the cwrent QSHA PEL has
been 1 effect anly sines 1978, which is
an insufflicient period 10 observs
asbestos-related disesses. which

, characteristically kave lang latency

pancds in excess of 23 years) As

_discussed (n the section. Quantuaue

Rizk Analyss. it appeurs that duretion
of exposurs may have sn mdependant
sffect on mesothelions nek.

The {ollowing sections anaiyze recent
epidemioiogic and expenmental studies
and discuss important sspects of the
eacupations! health dats concermning
asbestos.

B Epidemioiogic Evidence an Risk from
Expesure ot the Current PEL
1. Conversion of Parucie Counts
Fiber Counts. Currantly, personal
asbastos samples of exposed wockers
are coilectsd wnth & mambeane {iter,
24 fibers ars counted asung & phase
CORIrast TuCroscape equioped with an
eyep.ace graticule. In the past. panicies
waere counted rather than fibers, sres
sampies wers takes rather thas
persondl suapies. and ssmpies were
coilected using thermal precipitators ar
midges impingers. Thees pest industrial
hygene Measurements were expeassed
in mullions of paricies per cubic loet
{abbreviswnd s mppct o mpel).
wheres CETEN! Measursmants are
expressed oo fibers paz cubic cantimeter
ae per millitier {{/ce or I/mil.
Conversion of messusoments from mped
to {/cc is not & simple mutier of apniying
8 singie muitiphicative (actor due to the
dillering work enviroaments ta whick
sampics were taken and differing
samphng methodolomes. The (acior foe

.

STLUL

converting moef 1o f/ce has Been
suggested as ranging from 1:1 to 1.3
depending on tae industry studicd by
the scientists | Kang aad Chu. Fa. b=t
Hommad ot al. Ex. 84277 McDanald,
Liddell, Cibbs. Evssen. and McDunaid
Ex. 84-088). For example. using

" eonversion factors ol 1110 188

cumulative exposure of I0 mpcl-yrars
cuuld range rom 20 f/cs-years to 100 {/
ccyears.

The British Ocsupations! Mygiens
Scciety Comumities o Asbestos
conducted & study of dust
cancentrations measured by current
methods ssd histerica! methods (Ex. d=
02¢). Conversion factars for histencai
methods 10 curren: methods ware 1: 0.07,
1: 22 aad 1:2, depending on the
kistoncal methad.

For asbestos muaing and milling, this
section wiil use the midpoint of the
nnf_c of canversion factors: 1 mpcfm3 [/
ce. For ashestes producuon and
asbestos cament preductian this section
will use iHammad et al’s suggested
conversion factor of 1:3.4 foc mpef to f/
“ »

2 Loid > ~'ogic Studies. The
eprdemuciogic studies that OSHA
intarpteus as lug::m that signuficant
heaith nsk bas observed &t low

_ asbestes exposures fall mto 3

categories: (1; Studies of household
contacts of asbesios workers. {2) studies
of wotkers whags exposures were short-
term. aad (3] studies of worhers with
cumulatve exposusres estimated W be
¢lose te oc belaw 100 {/cc-years. This
section summarnses tese studies and °
prasents OSHA s anaiyns of these
studies.

Asumberc ..ulies have obl:f\‘ld

contacts of the amaosite warkery.
Presumubly. lumily cantuets recrivey
thewr exposure 10 a3besios from dust
Carried Rome on the worser ¢ cletuag
especiaily duning the luundenng of dysts
clothes. About & 10-fold increase n =
prevaience of pleurni thickemng -
compared 1 CORIYiS wy, Sbserved in
family contacts of workers with aniy
one yoar of exposurs within the smosite
{actory. :
Estimated asbestos exposure levels of
family contacts and community
mambars observed to be at tisk of
asbestos reistad disease have nat been
reporied. OSHA considers it very likely
that the cumulative exposures of the
{amuly contscts and community
members were less than 100 f/ce.yesrs.
Seidmen, $elikofl. and Hammond (Ex.
$4=087) studied the mortality of 820
amoqite preduction workers emploved
sametime during 184143, Serdnan et sl
reporwed that dust concsntrstions had
sever besn messured in this plant and
that the plant was knows: to have
deficient ventilation systems. Werkers
wers ciassified &5 having worked less
than 1 month. 2 months, 3-§ moaths. b
11 months. 1 year. or 2 97 a0fs years.
Waorkers in ail categories of langth of
smployment had excessive mactality
from lung cances. Ferexsmple. men
smpioyed less than one month had &
[ung caneer standardized mortality rutio

. (SMR) of 307. based 0a suppiementat

sutopsy. clinical. and surpeal
information. (The standardized
mortslity racia is calculated as the
obeerved number of deaths in the
ed pepuistion divided by the
aumber of danths that weuld be
expected in the exposad populstion,

masothaliomas and an incre.
prevaisnce of chest X-rey abnormalities
smong {amulies of asdesios workers
{Andarson st ol Exiubits 86=018 and
86=017; Visass and Polea, Ex. M4=18¢. Li
et sl Ex 04+140) In sdditian.
masetheiomas have been absarved in
comamsnity membaers linng aesr
ssbesios mines and {amienes (Wagner et
al. L. 2-13 Newhouse and Thompson.
Ex, S~070}. .
Aldersen 81 al. (Ex. 34=018) observed
§ 35.9 percent prevaisnes of chest X-ray
sbnormalives. wciuding pleucel
tuekening. plaquas. picural

calcification. and irreguise opacities.
smong 638 housshaid contacts of
amosite [actory werkers comparedto s
4.8 percest prevalence of chest X-my
sbnermslities ameng 328 controis drawn
{rom the same community as the
amosite workers. Controls were
mawched 10 the cases by ege and sex. As
ol1876. ¢ cases of mesathelioms had
been dingnosed among the 628 family

puP 0907231 |

based on mortality rates of en
sppropnets companrson oopuiatnon. The
SMR i3 requently used ss en
approximstion te the relstive nsk.|
Heace. OSHA considers that Seidman et
al. damenstreted that excess lung cancer
gk couid be expenenced even by
workers with exposures of reiatively
thom durstion.

Barry. Cilsoa. Holmes. Lewinsohn,
snd Roach (Ex. 84-020] studied the
workers of an esbestos textile factory in
the United Kingdom. Berry et al.
reported 1o 1579 that the average
exposure Jevel was § [/cc and that 8.5
percent of men employed after 1930 had
“possible ssbestons.” Ameng men
emapicyed after 1350 Berry et 3l
obesrved ¢ pereent prevaiences of
crepitatisas. "possibie ashestons.” nr
~cartified asbestosis™ at 37, 48, and 83 1/
ce-years respectively.

Berry ot ol concluded: “In view of
thase findings thers is no room for
compiacency sbaut the 2 {/eme standars

(]
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and efforts should be continued to
tecuce sabicgras dust 10 as low g level as
pastible. At this stage it 18 impassibie (o
state defimitely that the standaed 1
inadequate. because its intraduction is
so recent. and il is sssqnuial to follow up
roups expoted 10 lowfeveis in arder o
impreve the dats necagiary [of the
fermuiauon of better smndards™ (Ex. $4=
020, p. 10W).

Finkelsian {Ex. $4=044) studiad the
davelopment of compensabie (corufied)
tsbestasis among 157 Ontanc ssbestas
cement gotion workers in relation
to cumulative exposures ({/cc-years).
All workers in the study cohort had at
least 13 years of exposure. Ontario
entena for eertifying ssbesienis, which
resulls ia the sward of €isability
pensians. are nat inflexibla end involve
cansiderstion of sach {actors as history
of occupstions! expesurss. dyspass,
crepitations. clubbing of fingers.
radiographic siga1s of puimonary
fikrosis. and abnormal tung function.
Cerufication of asbestosis hencs would
occur st an advanced stuge of disease.
Each production werksr was clasniflad
83 having roceivad Owd8. 3098, 100-148,
180-190. or 200249 {/cc-yonare of
cumulative exposure within the 18 years
following initial exposure.

Finkeistein calculated incidencs retes
oasisung ef number of new cases of
> certifiad asdestosis per 100 persen-years
at risk. (Incidence is the rate at which
new cuses of asbestoeis developn s
given peniod of time. It fs & direct
measure of the nsk of developing the
diseass.] incidance rates were 0.8 3.4,
and 8.5 (or werkers wio recmaved O=48,
§0~39. and 100-149 {/cc-years
respectivel Finkeistein also calculated
s cumulsuve prebabulity of having
deveioped cerufied asbestoss by the
end of 32 y:ars of latancy. and observed
that man 12 the O=d3. $0=49. and 100=149 -
{/ ca-yaars categones had about 10
pereant. $S percant. and 70 pereent
probabihities respectively. te omall
numbers of men in each category. these
esuunated probabilities had mech
statistical yncertamty.

Finkelsten s1ated that the
uBLErILMIES IR RXPASUIE eals
and the seiection biad lﬁlm
exclusion from the study. pf workers
with less than 13 yesrs of empleyment
nay have led to sverestimation of risk
at low expegeres, which was “10 same
extent nced by the {act (hat the end
pount we studied wee certified
dissbility, an sdvanced stage of
asbestous” (Ex. §4ulv4. p. $01). OSILA
censmdurs that Finkolstein's fuwlings of
excess nsk (rom low cumulative
exposurys are very important Lecsuse

the outeume, cerulied asbestonis. wes

based upon substantial medicl
evidence of severe disubility {rom the
discase. : .
Dement snd collesgues conducted
detarlad study of plant processes and
dust contrsl methocs at & SArysolle
taxtile plant during 1930=1475 {Ex. 8d=
038, 84=037). Exposure histoties were
cansuructed for ssch worker snd
sstimates of individusl cumulative
exposures in lerms of f/cc-days were
made. Alter 1940, exposure levels
ueuaily were in the range of $-10 {/ce
Waerksts ware eategonzad as receving
expesures of less then 1000: 1000=10.000
10.000=40.000: 40.000=100.000: and
ater than 100.000 f/ce-days. Because
sment ot al. inciuded holidays and
wagkends in their estimates of {/cs-
days. theur astimates of cumulative
expesurs are likely to be sverswated.
OSHA csiculstad that Dement ot al's
categories of {/cc-days sre rouehly
eQquivalent to less than 1.7. 2.7<27.4: 27 4=
100.8: 100.8-274. and grester than 274 {/
cc-yenrs of occupational exposure.
Neote.wBecause Demant ot ol. esusnted
bolutays and weesends for their calcuiations
of [/oe-days. OSHA & nded I/ccdays by 363
o ermve at ssumates of [/es-yeare.

. Dament et gl.'s flzst 3 exposure

categores fall withu the range of
ccnulative exposures permitied dy-the
ourrent OSHA sebestos standard. -
Among wiute males with 1§ er more
years of latency. lung cancer SMR'y
were 140. 278, and 352 in the categnries
of lass than 1000, 1000-10.000. and
10.000:40.000 {/cc-days respectively:”
The latiar 2 categories’ excesses of lung
cancer were statistically significant. Foe
othep non.malignant respiratory disease
(excluding both i tious respirstory
diseases and bronchutis). the lellowing
SMR's were observed [or white maies
with 1§ er more yesrs of latency: 362 for
men with less than 3000 f/ce-days. 84 for
men with 1300-10.000 {/cc-days. and 9
for man with 10.000=43.000 [/cc-days.
The excestes were sraiistically
sigruficant {or both the first and thied
category of cumnulative exposure. -

Demant ot al. concluded: “Based on
data from this study. sigrulicantly
alevatad mortality naks are pracicted
foe lung cancsr end for asbestos:s st
cumuiative exposures of 100 fibers/
es X years in the texte industry” (Ex.
84037, 9. 422).

OSHA considers that Dement ot al’s
observutions of excess ask from low
cumulsiive cxposures are weile
supperied because of the carhul
estimustion of expusurs Bustocies fue the
cohort.

Hendersuet and Enterline (Fx. $4=048)
stedied the mortality of 1078 usbeatoe
production workurs who retred during

4
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1941=1967. Mortality was obsemed
during the periad 19411571 Cumuiativy
expogures. expressed (n Millions of
particles per cubic foot of air ymes
years exposed (Mpcl-yearsl, ware
estimated for each man wncluded in t&%
study cohort. Mean exposures for ¢
cumulative exposure categories were 52,
182 352 808 snd 978 mpct.years.

Hammad ot ol. (Ex $40277) suggested
e mpef to {/ee conversion factar of 1:1.4
for a camant plant Becsuse cement and
other minera! partcies have been
extensivaly used in asbestos products
manyfscturing. using & conversion factor
of 1:1.4 does not sppear to be
unressonable (or Henderson and
Enterline’s study cohort Using a factor
of 1:1.4. 62 mped-yoaars is roughly equal
i & {/ceyears.

A respiratoey cancer SMR of 1579
was observed in tha cumulative
exposusre category with s mean
expoaure of &2 mpcl-years. Thus. OSILA
views this study as haviog observed
axcess risk of dying from respiratory
Cancer LMoAg Men receiving cumulative
€XD0Sures permitted by the eurrent
OSHA PEL Using 4 convernion factor of
123 would result i an estimate of
cumulative upolu:t;‘far lheb:lwr
txposure category that is ahout 0%
kigher thas that envisaged by the
ceuwrrent OSHA PEL

Demant ot al com=ented on the
wnarked differances betwean the studies
of Dement ot ol and Headerson end
Enteriing with regard 1o risk observed
{rom low cymuistive exposures {Ex. &=
037). Dament et al. suggesied that these
differsnces may be sttnbutabls to the
fact that Headersen and Enterline
studied retirees €S yesrs or oider. with
thes* retirees constituting o select greup
of survivors. Only 8 of the 3§ lung
cancer desths observed by Dement et al.
occurred in persons 43 or cider.

MeDonald. Liddell. Gibbs. Eyssen.
and MeDonald (Ex. $4=-008] studied the
mortality of 11.378 warkers expeosed to
chrysalile mining and milling bern
dunag 1871=1920. Mortality was
observed during the period 1810=1978.
Each worker was classified as having
secumalated less thaa 30, 30-289. oc 100
or more mpcl-years by age 45. Using 8
conversion [actor of 1.3 for mpef te {/ce
these groupings would correspand v
lass than 90. $0-398. and 300 or mere {/
ce.years. Lung cancar SMR's were 93,
118 and 235 for the 3 categories slurung
with less than 30 mpef-yaars
respectivaly. SMR's {or pneumocon:os:s
were 298 1081, and $400 {or cumulatnne
exposure categones of less than 30. 30-

299. and J00 or more mpci-years. Ilence.
McDenald et ol did not ouserve much
lung cancer nek but did observe an

DU 028333
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inerease in paeymecenions risk in the
low exposyre category.

A case-control ansiysis vsed similer
exposure calegoncs: however, the
snalysis was ininasically incapable of
k i the iess than
30 mpel-year categoryfuecsuse the
controls nud 8is0 berntcarysonie miners
and mullers.

Regarding the different fiadings on
lung cancar nsk [rom low exposures
betwesen the studios by MeDonald ot sl
snd Dement st sl Dement ot 4l
suggestied imprecieion of axposurs
estumates snd difTarences tn sirborme
fiber chargcieristics as possible reasans
for the differsnces. Dement and Harris
previously had found that texule
processing produced & higher proportion
of long tnu fibers {alling within the
ranges delinestad o8 carcinogente by the
srumal studies of Steaton and
eoileagues (Ses Section {3} below.
Lxpermental Dato).

Finkelstein (Ex 84=240] slso studied
wonaslity from lung canesr,
wesothelioma. and other disesses
smong workars st an Ontano asbestas
carnent faciory established in 1943, The
study cohort congisted of 339 men hired
before 1940 who had besn empicyed st
e factory for 9 years or more. Esch
sahort member was classified se Raving
accumulnted §-80. 70127 ar 132420 [/
cc-yoars of asbestos exposure within the

‘18 years following initial exposure.

These expoture caiegones. heresfier
referved te a3 Groups A. 8. and C. hed
the {ollowiag mean cumulative
expasures respectively: ¢4, 92 and 100 {/
ct-years. Croups A and B are iow
eXposure groups.

Mortulity by cumulative exposare wes
analyzed starting 30 years sfter ininiai
exposur:. $0 tha! the calendar period
during which desths were observed
spaaned 1968-1380. Cahort mortshity
was compared 1o that of Ontario men
dunng 1970=1874. Age-standardized
mortality rates per 1000 man-years {oe
specific causes of death wete computed
for Croups A. B. and C and far Ontario
men. Thus. this study did ast have the
biases from confouading cffects of sge
that can occur wies SMR’s are being
campared among dufTerent groups of
workers [See Ex. 8423381 Ong putenuial
problem 1a that luag cancar mortality
may have risen 18 Oniacio duting 1973«
1900: this wouid result in some
underestimation of somparison vulues
and hence some sverestmution of lung
cancae nish. | lgwrver, this
o;;thumﬁu of rish likely would be
4 L. .

Mesothelioma martality rutes per 1009
man-years for Croups A, 1. and C were
1.9, 4.9, and 11.9 respesctiveely. Lunyg
sagers murtality rittes per 100 Mman.

yesrs were 128, 29.1. 11.9. and 1.8 for
Groups A. D. and C sad for Ontario men
tespectively. Approximate tei3tive tigks
for Croups A B. and C. a5 compured to
Onturio men. sre 6.5. 18.3. and 7 ¢ for
lung cancer martaiity Castromiestingl
_tynear mortylity was siso elevated i
Groups B and C relative 10 Ontatic men.
The luag cancer montality rates did
not consisiently ineresse wili
1meressing estimates of cumulative .
sxposure in that Group C had the lowest
lung eancer excess. Finkeistein
suggested seversi potentisl
explanations. including inaccuracy of
exposure classifications. statistical
fluctustions resulting fram the small size
of the cohorts and canfounding effects
of smoking if there were dillerencas 12
smoking habits smong Groups A. B. and
C. Secause & consistent dose-response
was observed both for mesotaelioma
mortality and asbestosis in the study
group. Finkelsiain suggested that the
exposure clussificaucns mey have been

correct

Finkeistein concluded thet lung cancer
mortality rates “mey be reised several
fold™ (Ex. 84=240. p. 143) 8t cumulative
sxpasures of 100 {/ce-years. With regard

- te gastrquatesting. esnger. Finkelsten

fudged that no firm conclusions could be
drawn dus te the smaii aumber of
deaths. although there was s tremd of
increasing risk with tncransing
cumulative sxposurs. Mesothelioma
death rates were considersd by
Finkelateia to be relatad to cumulative
osure. .

believes that Finkelstein’s
study prasents evidencs of excess lung,
cancer snd mesothsiloms risk fram
relatively low cumuistive exposures, |
namely 44 and 92 {/cc-years. Lung
esneer nsk Ma' 1ave been somewhat
understaied by Finkelste:n's exciusion
of lung cencer deaths which occurred
before 20 years J follow-up.

Rubine. Molstio. Newhouse. Scansetti.
Arceini, and Murray (Ex. $4=008) stuched
the mortality of 952 male ltalisn
chrysatilg miners and mullers during
1948~1078. M.ortality from eespieatory
disease snd other causes af death. but
net from lur.g cancer. was exeassive in
this cohart Critersa for inclusion in the
study eshort were survival unul jaauary
1. 1948 and st lcast ong month of
employment during 1930=1968.
Comparison of mortality was made to
agq. calendar period. and cause-specilic
mortalily rates of Ituliun males. Int
additiaa. mortulity rates were compueed
stmong the cohar mombers using & Sase-
contrul analysis nnd 8 histonieal

roapeclive analysis. The cumulative
Eber erposure was eatimalted fur cuch
workar in teems of {/ce.vears. The

* invpstiators smulated past working

T
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conditions and Meusured dust
concentrutions dunng these simuisi.one
\n ordet lo mahe more 3ccuryie
esuimates of exposure dunag periaus
{pre-19G8] 1t which exposures were not
measured. Mean concentrations of *
A3uestal were esumaied to runge up o
%0 f/cc before 1930

Compared (o [talien males. the overuil
cohart had statistically nignificant
excesses of mortslity from laryngeal
cancer, aon-malignant rapiratory
disesses. tubereuiosis cardiovascuinr
diseases, cirrhous of the Jiver. snd
sceidents. Lung cancer morality was
tlevated only slightly (SMR & 106):
however, there was some vend of
incesasing lung cancer nsk with
ineressing zagih of follow-up. For
example. the SMR for lung cancer was
206 dunng 19711978,

Becauae all snalysas of mortality in
relation to cumuistive exposure
cansisted of compensons smong the
cohon members. rather than between
the vaneus axposure subgroups snd
{talisn males. these anaiyees were
incspable of detecting excess risk in the
lowest cumulative expasure category.
These snaiyses were capabla onty of
dewcung wends toward incressed nsk
with increased sxposure. Although the
excess lung cancer risk.(odds
rstiow 2.48) in the high ¢ mm
was a0t statisticaily significant. Rubino
ot ol considered it “likaly that the
h\quhmlily truly reflects the
offects of Righer axposure™ (Ex. 34088,
. 193). {The odds ralio is an estimate of
the relative risk definsd a8 the ratic of
the edds of dying {rom cancer in the
exposed populstan 1o the odds of dying
from cancer it an unexposed
population.|

Rubino et «.. . study is unusual i ot
finding & higher lung cancer risk among
wotkers exposed (o relativels high
lavals of ssbestos. OSHA believes that
the irends of incressing lung cancer risk
with bath tnereasing length of follow-up
[1.7] INCreasINg exposute sre consisicnt
with aa ssbestos ctiology. however.
OSHA aito Lelieves 1hal the higa fitks
of mortality from other causes such us
non-malignant respirstory discese might
have obscured lung cancer nsk.
especially since these high nsks
sppeared within the first 19 yesrs
following sxpasure and asbestos-reluced
lyng cancer generaily has 8 longer
latency period. Alsa. OSHA cuiculated

that this study only had 33.5% power 1o
detect 3 5O% incregse in lung eancrt risk
amaong workers with 20 o¢ more yeuis of
falluw-up. °
Netg.=fintraugal powes quantifics the
atwlity of e studdy tg getect o true el
sk of ¥ specificy magtiuue ang refuts iy ‘Ae

J'-r"'fdﬁ
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prabability of not missng 8 true mak,
Cancraily, it ts cons.dared esscubia foe
studies (0 Rave ot least MUY power. Becsuse
lung cancar 18 o teisuvaly comniea eancer,
epideminiopc studies shawld have st leant
A€ Jower 18 deteet 8 0N Haerense in Aok ol
lung cancer. See Ex 84a334 ler & descriperon
of OSHA ¢ methad of ting pewer.

Waill, Hughes. and Waggenspack (Ex.
84208} invesugated exposure-response
reiationships between respirstory
cancer nsk and exposure (n en sabestos
cament plant Weill et ol. did not
observe excess nsk among men with
low cumulative exposures. A total of
$.548 men with at least 20 years of
latency since first exposurs in eitherof 2
asbestos cemant plaats were studied.
All men had at least one month of
employmaest before 1970 and their vital
status wes determuned ¢s of December
3. 1976 .

Each worker's cumulstive dust
exposure dunng the 20 yeurs from initial
exposure was sstitiated in terms of
mpel-years. Ment were classilied in ene
of § different cumulative ¢
categones: 10 or fewer. 11-50, §1-100,
101=200. and 201 er more mpef-years.
Using the conversiea factor of 1:1.4
suggested by Hammad etal. the $
curmulative exposwre categories would
be equivaient 16 1¢ or fewser. 15=70, e
140. 141-280. and 281 or more {/oc-years.

.~ Resprratory cancer SMR's were a3

.. . [ollows, sutriing with the lewest
category: 77, 70, 26. 200, and 226 Noas
of the other causes of desth were in
axcest for workers in the 3 lowast
categories.
ing their fsilyrs 10 detect

SXCRSS resPIrstory cancer amtuty fn
their lowest categories of expesure.
Wieill ¢t al. stated: “Such findings are
a0t necessarily ticampaubie with g
linesr response curve  ‘ow dosas
becauss of the relative insensittvity of
currenrly used epidemioiogic mathods in
detecting oligi. acreases in risk when
compared t6 background. They do
{ndicata. howaver. that any excess risks
at low degrees of exposure are smail”

(Ex. 84=208. p. 3831

Waill et al. noted that the """""-’m
high proportien (2%} of the cobort
were lost 10 follow-up and assumed
alive thraugh 197¢ mag have lad to
underestirnation of respiratery canesr
risk. Tha upper Lmits of the $6%
confidenca intervals of the respirstory
cancer SMR's for the 3 lewest exposere
catlegaries re from shost 115 0 150,
indicating. in '8 epimien. that
excees nsk couid nat be ruied out for
these categones.

Berry and Newhouse (Ex. 84-021) ¢
studied mortality dunng 10411878 0f &
cchort of {neuon matenal production
werkets whose sxpegures were ¢

relatively low. Laveis of expoture
rsnged [ram lesa than t f/cc o0 § (/ce
after 1931, end cumuistive exposures [or
the éohert averaged less thun 5 [/ce.
years. Although ¢xcesaive mortaity
{rom mesotheiiome was observed. (here
appeared to be little excess mortality
from lung carcer. Most of the
mesotheliome casas had bean sxposed
lo asbestos levais exceeding § [/cs. The
curmuiative exsosures 10 ssbestos of the
mesothalioma cases ware not reported
by the suthors. .
Unexpectedly. this study observed
excassive mesotheliome mortality but
caly & non-uignificunt excess of lung
cancer martality. A sizable portion of
the study cohort had a shomt follow-up
peniod betwesen thelr initiel exposure
end the study cut-off date. For example.
33% of the men bad follow-up peniods of
lees than 20 years. Lung cancer risk may
be expected to mereass in this cohort es
mmmhm are foliowed for ¢ longer

1. Sumeary. A number of
epidenuelogic studies bave examined
exposure-response relationships for
asbestos and esbestos-relsted diseases.
OSHA recogrutas that there ere many
Inevitable uncertainties ssscciated with
epideguologic studies of expasure.
responsq. Rarely. J aver, ere personal
samples of esbestos concantrations foe
sxpossd werkers during the entire
pancd of exposure available. .
Investigstors typicslly have developed
incividusl indices of expasures from
reennstructed occupstional histories.
recent industrisl hygene data. snd
essumpticns ebout past working
eanditions fer which expasures wers not
messured. Another Question concerns
the factors {or conversion from
bistoncal mathods of messunng dust
concanirations to curreat metacds of
messuring fiber concentrations. The
ratio of millions of particles per cudic
foot (mpef) 10 fibers per cubic centimeter

f/cc) has been suggested ss ranging

m 1:1 te 1:5. Conversion factors of 1:3
for mpef: {/cc in asbastos mining end
milling and 1:1.¢ i~ esbestos production
and ssbestos coment operations sppeas
reasonable te OSHA.

QSHA aise recognites the statistical
variation essocieted with estimation of
Standardized Mortality Ratios (SMR's).
Soch statistical varietion, as weil as
differences 1n study design. statistical
power, and length of {ollow-up. may
sceaunt foe some of the divergent
findings among studies.

Bacause the present OSHA PEL of 2t/
ec was effective 1n 1976, there are fow. if
any. ecsupational coherts exposed
solely 10 2 f/ce ur lass wha hava [ollow.
up intervais wilicient for the
appearance of discases related to

i
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esbestos exposure. A! present, OSHA /s
not aware of any evidence suggesung
that satensity of exposure wil| affect
txcass nsk in ¢ manner dilferenr fram
cumuianve exposure. which
encompasies doth durstion of exposurg
and intensity of exposyre. Mogt
epidetmolegie studies have observed
increasing nek with increasing
cumulative exposurs. Durouon of
exposure mey have an independent
eflect on mesetheliama risk (see Secton
V. Quantitative Risk Analysis).

A werker expesed to the OSHA PEL
of 2 1/ce for 80 years would have o
cumulative exposute of 100 {/ce-yesrs.
Hence. studies of workers estimated to
have received close 1o or less than 100 [/
cs-years provide evidence coacerning
tisk {rem expasure 1o the OSHA
standard even though the pest
intensities of expesure may have
exceeded 2 {/cc

OSHA considers that the following
studias have obsarved incrsssed nsk
close 1o or below 100 {/ce-years. Berry

ot sl (Ex. 04=020] observed 8 1%
prevelence of crepitstians. possible
asbestesis. and certified sLo8is at

37,46, and 83 {/cc-years respecuvely
among asbestos taxale werkars. .
Finkelstaia (Ex. $4=044) observed & 10%
z::l:obimy of baving cerntilied

1]

exposures of less than 30 {/ccyears who
had becn obsarved 32 years nnce therr
{nitial expesures. Finkelste:n (Ex, 84
240} aise obsarved axcassive lung
cancer mortelity ammong workers with

.aversge cumulstive exposures of ¢4 and
13 f/oc-yeass.

Among asbestos taxtile woekars,
Dement st al. (Ex. $4=338} observad
sxeessive mortality ft.m lung cancsr
and non-malignant respirstory disesses
ot cumulstive exposures of less than
1000 {/ce<days and 1000=10.000 {/ee.
days (equiveiant te less then 2.7 and
3.7-27.4 {/cc-yeurs). Henderson and
Enterline (Ex. §4=0¢8} observed about s
2fold increase in lung cancer mortality -
among retired asbestos preduction
workers recsiving an averige
cumuiative exposure of 2 mpef-years
{eqwsvalent 1o 87 {/ce-yvars wiing &
conversion facter of 1:1.4}.

At telatively low cumulative
expesurss. the following studias did not
observe excess lung cancar risk or
observed only & small increase in lung
cancer risk. Berry and Newhouse (Ex.
64=0211 obsarvad litue excess lung
cancer mortality among {riction matarial
productiun workers whase cumulative

exposures avernged less than 80 [/ec:
yesrs. Mesothelioms cases wese
observed by Berry and Newhouse:

N~ e~
neTg Z
o . ! ~
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hawaever, \hewr cumuiative expasures
were not reported. Wetll ot sl (Ea. $é=
208) did not fing incressed murtgliy
from any cause of death below 101
mpel-years (equivaleat to 141 [/ee-years
using & conversion fugtor of 1:1.4} in s
cohort of asbestos ent workers.
Rubno et sl (Ex } observed only
a siight excess of lung cancer moriality
{and a iarge excess of martality from
other causes, such 83 aon-malignant
reapiretory disesse) despite high
exposure levels. Dats were a0t enslyzed
by Rubune et &l in such s way as to
permit estimstion of risk from low
cumulative exposures.

MeDonald et al. (Ex. §4=063) cbserved
fittle or no excess lung cancer mortality
among ss5estcs miners and millers
receiving low cumulsuve sxposures.
Excass mortality from preurnocomosis
wus observed in thedow exposure
$roup. however. Workers recuiving lass
then 30 mpcl-years by sge 43 had an
SMR of 208 [ar pneumoconcsis (30
mpel-years equais 90 {/cc-years unng s
conversion fuctor of 1:3).

As is commonrly observed among
epidemuciope studies of eticlogic agents
for disease. there are soOme
incongiatencies in the findings of
different studies of wotkers
sccumulsiing relatively [ow expasures.
Slaustical vanation, dilferences ia the
sizse distnbutioa of airberne Aders.
imprecisica of exposure sstimstes. aad
micminn smong difTerent causes of
death might expisia some of the
{inconsistencies. Nocethsiess. OSHA
considers that many well-conducted
studies observed subsisntisily incre
risk of death from lung cancae and noa-
malignant respirsiary disesss among
workars teceiving cumulative exposusres
permitiad by the current OSHA .
standard. OSHA conciudes that these
study resuits provids evidence of grave
danger frem low cumulative exposures
ta asbastos.

C Carcinogenicity of Asbestos for Sites
Other Thaa e Lung and Mesethelium

1. Introduction. A sumber of studing of
ashbestos warkers have sbserved
excesses of cancer at sites ether than
the lung snd mesctheliura. Thase sites
incivde colom and reatum. asopbagus,
stomach. larynx, pharyns. buceal eavity,
kidaeys. and ou these
studies. OSHHA has sonciuded that
n‘muu maligaancies sppest (o
ve been producnd by ssbesies inhaled
ia the weskplacs.
(-1

'] [1] ve ln'."l““‘
Q. %.., - Bt by

(q tjon of usbestos 1n
ing walet_Oassudy susgesied

that.ashesios in drinkug water

increased cancer incidance in San

——

Emig_gca_md Ouklund (Kanarek etall
whule gther studias did not obseryp e
Ielutionship betwaeen asbesios (A —
dzinking water snd cuncer naridence
(Hurmngion et al.. Meigt et'si. Lavy o
al] (Keng. Ex. $4=139]. QSHA s aware
that ecological s:udies generally have
cerain hmitgtions [or determining the
efTects of long-term eavironmental
exposure 1o spearfic substuncas.
inciuding confounding veriables sush as
migration tnto snd from coqumunitias
and multtple exposures to other
earcinogens and toxic :.humau.fg’
x!)_ " e

sxample, jncrepsed cancer mostality in g
garticuiar communily may result lrom

_QaSupetional expqs
w&smtﬁgc it  watar o

ambient 012, Becauss sivdies ol
occupstiongl coharts do not have as,,
fany limitations s scological studies.
sccupational studies have the potentia
o B¢ Mdre ln:‘:inm:uw eoa:unm -
nagens 10 humans. dependln
on sizo of the cohart. length of _ i
oBuervation of the eohort. and other _
parinent factors. Tharefore. because
weil-conducisd epidemigiogic studies of
asbesios workers are aveilable and
becsuse inhalatisn rether than ingestion
is the prumary routs of workplace
expasure. OSHA has based its
conciusions on the potemtial
esrenogenicity of asbestos for sitey
othe? than the lung and mesothelium oa
epideminiogic stucies of asbestas

workers,

2 Epidemiology Studies. Elmes and
Sirwpson studied the mortality of Baifast
insulaters employed dunng 1940 mostly
in shipyards (1971. 1977} (Exhibits 84= .
041 and 84=043). Vital status was
obzarved during the period 1540=1875.
Excess moriality was absered from
sshestons, iunc cancer, mesothelioms.
and gastrotatesunal cancers (stomach.
fejunum, pancreas. colon and rectaml

Elmes and £..0ps00 stated that "both
ia respirstary and in gastroiniestinal
cancers thare is the dilficuity of
diffarentisting between mesothalial and
epethglial tumouss” (Ex. 84=042, p. 178).
Of the wtul 122 desths in this cosort.
sither autopsy infermation or clinical
Nwmm with ::min‘n&dl z. .

n supplemented the deat o
sertificstes foe all but 22 deuths. By

1928, 13 deaths had beea coded a3
gastrountestinal cancers on dexth
eanificates. 12 of which gontinued 10 de
classified a8 gastreintestinal caneery |
after supplamental informanon had been
ebtained. Using the axoested velue of
$.18 desths lor ail non-respirateey
cancers that were reperted by Elmes
and Simpson. OSHIA caiculaied that the
grstroiniestinal cancet excess was
stanisticaily mgnificant at (he 0.08 level

* (one-isiled Pouson test).
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Elmes sad Simgaon conciuded in (et
1971 puper: “Cancer of the iung snd
mesatheliomus do aot sccount for gl :he
excess of deaihe: & nignificant excess of
other cancars remain . . . and mest of
thase sppesc ta be 1 the gastromresninal
traet” (Ex. 84=041. p. 218). In therr 1977
paper. Elmes and Simpson reported &
dechine in both sshestosis and
gasirointestinal cancer ss major causes
of mostality among the survivors
{ollowed [rom 19671575,

Selikall. Hammand, and Seidman
studisd & cohort of 17,500 US. and
Canadian insulation workers (Ex. S
090}. Companson of insulstors marahty
during 1947-1876 was made 10 age and
csiendar periad-spec:fic mortality rates
of US. white maies. The large size of
this enbort resulted in vary high
statistical pawer 10 detect incressed
morality [rem specific causes.
Therefecs. OSHA considers that this
study carries much waight wiih regard
{9 the questior of asbestes-induced
nalignancies. The tnvesugators sought
supplemental clintcal, surgical. and
antopsy wnformation in order to
detergune the sxtent of suscisssification
of cancers.

Based 9a death cantificate information
slone. significant excess mortality was
obse {rem lung cancar (SMR = 408},
mesotheiioms (104 deaths}. esophagesl
casesr (SMR « 253), stomach caccsr
{SMR w 128). colon-rectal cancer

- (SMR=1382). laryngsal cancer

(SMR =181}, pharyngeal and buccal
cavity cancer (SMR = 1591, kidney
cancer (SMR = 223). sl ather cancers
(SMR =191}, and nen-infectious
respurntoey diseases (SMR= 3191,
ineluding 78 daaths from asbestes:s.
With the exoepuon of desths listed as
“gl} o:her cancers™, : ~classificanon of
deaths besed on supplemental clintcal
omly.h;had lunMi;al 'dn:h tesulted ‘mr

ightly higher SMR's for the causes o
ﬁ?\h listed above.

OSHA believes that SelikeT et al.'s
teciassificarian of ceuses of destn s
justifiable because misdiagnasis of
mesothaliosas and asbestosis can ocsur
due 10 these canditions’ resembiance 10
mere coramon disesses. Fucthermore. it
is pocmbie that metastases from primary
lung cancers could be misdiagnosed as
primary cancars of othar sites, and vice
versa. Qnedisadvantage of
reclassification of deaths. hawever. is
that the extent of mimu(xi?;wahn it the
oomperisen population o . while
Rales nu;:s':nkaavm. Nanethcless.
OSHA believes that. for thus particuler
eohort, the advsniage of reclassificaon
in terms of improving the centainty
abovt the causes of desth sutmergnsil'e
disagdvantage.
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{n the categoey listed a3 “all other
cancers.” 252 desths were observed
compared to 131.8 Jaaths expected. The
excess 1o (s calegory was 20stly due
1¢ inereased mortahily (rpm peneresuc
cancer (SHR = 283). Livegand biliary
et eancet (SNR e 245 prostate
cancer (SMR «137), snd beain cancer
{SMR = 163!, When reciasuflied
sccording to supplemental infermation.
ths pancresuc cancer sxcess deciined
grestly and the liver and biliary vact
cancer exoess disappesred

Selikofl. Hammond. sng Seidman
concluded: “Asbestos insyistion
workers {n the Unsted States and
Canada suffes ea extracrdinary
increased tisk of death of cancer 3ad
ssbestosis associsted with thew
employmesat. This includes increases in
desth from lung cancar. plevrai
mesothelioms. pantenesl mesothelioma,
cancer of the esophugus. calon and
rectum, cascar of the larynx, oro-
pharynx. Kidney. and perhaps siomech.

Some increases wore sees in csacer of
seversl other sites. as well, byt data are
inadeguate ot this tme © pemit
characteraation of thelr signdicsace.
sithough attention is called to sugh
wader increase” (Ex. 84=090. 114). -~

Dament and collegies (Ex. :i~17)

< o ohsesved a statistically noa-significent
7 Incresse n-digestive cancer martality

"ISMR @ 131). Whan Dement ot ol
canfined their anaiveis ta white rasles
with latency intervuls of 18 or more
years and examined exposure-response
reistionships for digesiive systam
cancer. SMR's incested with inereasing
cumulative exposure. ra wp s 90
Because of the smsl) num of deaths,
none of the excessas aof digesuve cancer
in any cf the exposure categyories were
statisticaily mgruficant
MeDonald end collougues (Ex. §4=085)
cbserved some (ncreases (not
statisticaily sigrificant) (n mortahity
{rom esephages! and stamsch cancer
and from colo-rectal canzer among
chrysotile mmers and muliers m Quebee,
Castrointestnal cancer SAR's incressed
with hegvier cumulsive expesures.
Seidman, Selikoif. sand Hammend (Fx.
$4=087) studied a cohent of 830 amosie
lnsulation production Wockers employed
at 8 New jerrey plant duting 180411940
A stulistically aon-signilleant ensass of
gastrouttestinal cancee (escphagus.
stomach. and calemcacium) was
cbserved (MR @121]. Henderson and
Enteriing (Ex. $6-848] studind the
mortality dunng 19611973 of 1348
retited asbiest s fuctery werkers. Fifty.
five deuths from digestive sysiem cancer
waeice obsured compared (o 39.9 desths
expeuivd ISMR @ 13781 {OSIHIA
calculated thut this excuss was -
statisticully nignificnnt at the 0.08 Tevel,
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using & ane-taded Pcisson test).
Nieholson. Selikofl. Seidman. and
Hammand (Ex. 84=-381) 8ls0 studied 8
cohor of U.S, asbestos fsctory worers
end observed ¢ statisticaily none
hgificant 1 %-fold excess of
ssuroiniestingl cancer. Newhouse end

erry (Ex. 84330} obsarved 8
gastrointestingl cancer SMR of 136 (n 8
cahore of Landon asbestos lactory
warkers (60 deaths abserved versus 4.2
sxpected) (OSHA calculated that this
excess was a'atistically sigmficant ot
the 008 leve! using ¢ one-tailed Poissen
test). Puntoni st al. (Ex. 04-2¢8) studied
the mortality of shipysrd werkers
axposed 1o asdestos « Ganca. ltaly.
These workers were 1is0 exposed to
other toxic substances. including silica.
benzene. carben tetrachioride. and
polycyclic sromatic hydrocarbons.
Compared to Lhe sge-specaific mertality
rates of maie Genouns. the shipyard
warkers had statistically ngnificant
increases in mortality from coloa cancer
{relative nsk =181}, All of the studies
listed in this peragriph siso observed
excessive morwlity frem luag cancer.

In additisn. sther nvestigators heve
observad excassas v digestive sytem
canesr. Robinson et al. (Fx. 84=082)
observed an $MR for digasdve wstem
cancer of 121 (not ¢ statstically .
significant excess) among asbestcs
preduction workers, Kleinfeid ot ol (Ex.
84=140, 84=141) sbserved an SMR of 400
{statistically signiSicant) for digestive
system cancsr among tremolite snd
anthepbyiite exposed weorkers mining
laic. Mancuse end Coulter (Ex. 84=224)
alsa sbserved 8 sigaificantly elevated
digestive system cancer SMR ameong
insulsties weorkers. Finkslstein observed
& statigucally son-u.,,mficaat 2-fold
incresse in mortality from digestive
system sancer among ssbestos cament
waerkers (Ex. 84-340)

A sumber of studies heve not
sbaerved excessive gescoiatestinal
cancer moriglity smong workers
expesed to asbestos. Nichalson. Selikedl.
Seidman. Lilis. ssd Formby (Ex. M4=072),
who stutiied the mertality of 344
chrysatile mnors and miilers from
Quaber. observed 2 gastrointestnagl
cancer SMR of only 108 Wearil. Hughes.
and Waggenspach (Ex. $4=208). who
studied & cohert of 843 asbestos
cament praduciion werkars. aiso did net
obearrs an excess of desths from
gaaurointesunsl cancer, Other
{avestigutory whe did ndt observe sa
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warkers). McDanaid and MeDonald

{asbestos gas musk workers). Peto et ¢!,
(asbeston textile workers). Thomas et al.
(asbestos cement workers), Rossiter end
Coles (shipyard workers!. and Jones ot¢
g.é(,nbesm §33 masx werkars) (Ex. 84-

When nen-gastroiatestinal cancers at
sites other than the lung end
mesothelium are considered. & least ¢ |
studies observed excesses ot these other
sites: SelikafT ot al. Shattigars ond
Morgan. Puntani et ¢l. and Stell arid
MeGill. Other studies have not observed
excasses of cancary at other sites.

One 1saue wiich the Agency had to
sddress was how to weigh the positive
spidemialogic data versus the sen-
positive spidemsologic dats. One
congideration is statistical power. the
abulity to detect 8 oue nsk if such 8 nsk
exists. The Chronic Mazard Advisory
Panel on Asbestos (CHAP) convened by
the US. Censumer Product Safety
Cammission did act find a eonsistent
relstionship betwees having & higher
degres of suatisucal power ang finding
excatsive monaity from these othsr
cancers (Ex. 84-258]. It should be noted
hat the study that had the highest
statistical power by virtus of studying
12.500 woekers, asmely that of Selikoll
¢t al. obeerved excesses of
gastroiatestinal laryngesl Kdaey, sud
pharyngesi and buccal cavity cancer.

Asother satsiderstion is the
relationsiup betwees the magnitude of
excese lung cancer ruk sad excess
gastroiniesunal cancer risk.

- abserved that studies with high lung

CANCEF eXCE1506 ware giss Likely 10 have
found gasuointestinal cancar excasses.
Because hugh lung caneer =sks wouid be
sxpected to have resuited om
relatively hugh exposwes. tus
observation suggesis that

sstrointestingi cancer excastes are
ound where expgosures are greater.
which increases the plasunbility of there
being s true assocration detween
asbestos and gastraintestinal cancer.

In swmnmary. st lsest 12 different
occupational cohorts exposed to
asbestas have been obsarved to have
sncesses of mertality from
gustraintesuna! cancer. 7 of which were
suatisucally significant. QSHA considers
that these findings constitule substantisl
evidence for an essocistion between
ssbestes expasure and gastrointestingl
canear risk. The evidence for a
el Arp betwean asdestos exposure

incresse 18 gasuUOIY |

mertality wicivde Berry and Nowhouse
{frictian matemais production workers)
Rubing et al. (chrysctie mmers).
Meurmsen ot ol. (anthophyilite miners)
Drown et ol (tale workars exposed (@
asbestos). Weiss {chrysaule {(actory

and canear st other nites is noteworthy
yet not o8 substantiat as thet regurding
gastroinigsinnl cuncer.

Caldsmith (Fx. $4=233) reviewsd lhe
evidenca fut g cavsal relationship
batween asbesius erposure end non-

by

1Gu7s

C
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pulmonary cancer in § studies of 11
occupational cohorts {ollowed for ot
leunt 20 yesrs unce imtial exposure. He
sonciuded thaet the data “cast doubt on
whether there is ute~speaficity of
ssbesios-related cadper™ and that "1
eystemic caraing 1ole is morw likely
{for asbestos|” (Ex. . PP, M48=347)
3. Tavicology Studies 22.(
oxicology siudies haye dees conducted
elercune e carcinogenicity ol
stad asbestos. [nhaled asbastos (s,
sght te anter the digestive tract nhgs
agbesipe fibers caugntin the mucsus
of the lu:]!'u_t, brought up to_the.
Drestand swallowsd bery
caught 1n the nose mey travel down 1o
g pharynx [Kang Ex. $3=138). Evasis et
(Ex. 44=238) conducted an inhslation
study in rets of radie-labelled
crecidolite. I2s radio-labelied .
cremdolite raveled to the larynx. .
esophagus. and gastrointestinal tract
jmmadiately after expasure. sad was
largely excreted 13 the f2ces withua the
x #.y;‘ tonowiln tmmmsﬁ
stiensl Texuselogy Progranm
(NTPThes adninisiered chrysonie. |
amosite. remolite. and crocidolite is .

Teed (1% of dist) te labaratory animals,
Tacrea

creased incidences of turdars hase gt
8 reparted in any of the NTP studisy
ibits $4=228. SA=224, §4=237, 84-228).

sompof the studies. relativety short

Gbers were administered. The asbestos

. dose of 1% s diet was sot the

‘maximaily tolerated dose (MTD). uniike
@ost caranagenesis Miedsssys.

\Ward, Frank, Weak, Devor. sad
Tarone (Ex. $4-200) axaminad the effect
of oral exposure to_amosite ot chryseule
¢n gasupiatasnngl (Gl) carcinogenasis
gmong F344 r3ts who had beea wjecisd
with szoxymethane. Asoxymsthane is 8
well-cecognuzad intastical carciseges for

~ Taporstory smumsls. Rats wers als

expostd te smosite alone and
azgxymethane slons. The expesure
penad was 10 weeis and the rats were
obeerved for §3 weeks or mare (soms
rats did net survive as loag

(7]
weeks). Ahhn;% amosite snd %gu_ig
jure_d satly LU
ncudence ager ne
"'n'n’i'iuxymm 'uilnml o,
315 Fecriving amesite slone had sn
e ossdenes
anong tterical control FI44 rais —
1‘!.5!!‘ in the same lnberatary.” ~
Ward ot ol commenied en therse
findings: “The resulls :c(m:
expert supeest that oral usbestas
:W crused ug ncreviad
nGuence of inlealal-emars (& Rale
F334 rats . Although vurlndings did
o coaclumvely demaastzate thegor

casznusre of carcisugric effect of .

anbiestus fur the intentinul tenet, oyr
-—

results suggest that additional sensitive
Enima! expeniments are needed™ (Ex.
862200, p. 311).

Bolton. Davis. and Lamb (Ex. $4-214}
edministered amosite. crocidolite. and
chrysatile in diet supplaments to Wistar
rais for penods of up 1o 1S months.
Malignant tumons. including Cl tumers.
were 8ot increased in the asbestos-
exposed animais compared o the
controls: however, chrysotile-irested
rats had a statistically significant excets
of benign tumore. The excess of benign
tamars in chrysotile-treated rats was
largely dus 16 an excess of mesenteric
bamangiomas. Bolton st sl thought thet
the sbserved excess of benign tumers in
& vsotile-treated animals wae not
ukely to be due 10 esbestos because
they did not ebserve sabestos fibers in
ths mesentenic fymphauc tissses of the

animais.

Donhérs. Berg. WIIL and Leininger
{(Ex. 84-222) fed F344 rats & diet
consisting of 10% ehrysatis. A total of
148 asbestos-led rats and 312 eaavol
rats were studied. Regarding thaiz
findings. Donbam st al. stated:
“Although the risk differences far
development of colon turnors
specifically is set statistically
significant ot the 3% lavel we fee! iere
{s suggestive evidance that ingested
asbes‘ 29 may have ”(‘Z:. role m au?nu
carcinogenesis .. . 4=-222. p. 1000).

Smith. Hubert Sobel. Peters. and
Doerfler (Ex. $4-183} sdministered
amosite asbestos in drinking weter te
$yrien hamsters of the Lak: LVC strain
for perieds ranging up to 22 months.
Thete was some clustaring of malignaal
tumars. including ¢ pentonesl
mesathgliomas. s puimonary careinama,
and 2 squamaus ceil carciaomas of the
{orestomach. ia the hamsters exposed t0
amosr'e {4 of 180 animals). None of the
control snimals deveioped these tynes
of malignant tufocs. Smith et al. did not
conswder the clusienng of nalignant
tumors i amesits-expossd ammals to
be reisted 10 they ingestion of umasita
becaxse-thess typas of tumoes have
been obsersed in control Syrisn .

bamsters of the Lak: LVG strais by ether
igvesigaters.

OSLIA cansiders thet there is seme
evidpace that oral ingeston 3T Bebestos
W careinpenic te ut_aqr;t_qrggn_im_gg
however. this evidencs is rather
hconsisient, The
Ren:positiye NP studies 18 somewhst
“Emiied by the low_Jopes 303 TiorClibam
that were sdmuusiared 10 the snimals.

4. Sumsiary. ia summary. st least 13
eprdemiciome studics have o

increused mottuluy [rum
gastzuintostinid caacess umong workers
evpased to ashostos, 7 8 which were
satidicslly sigficant. Aiso. st lesst 4
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epidcmiologic studies have absermved
excasses of cancer at sites ather then
the respirstory tract. mesatheium, and
gastrointestinsl et A number of oiner
studics hyve not observed increascs in
morhty lrom cangers st sites othet
than the iuag snd mesothelium. it 13
possibie for phyncians te mudiagnose
peritonesl Necethelioma g3
strointestinal or other cancers:

owever. the excens of gustrointesnnai
cancar persisted even after Elmes end
Simpsca and Selike(l ¢t ol. reclassified
causes of death uaing supplemental
sutopsy. surgical. and climesl
informgtion. OSHA believes that the
results of these reclassifications
sonstitute sdditional evidence fur un
sssociation between asbestos exposare
and development ol gasrointesunsg!
cancer,

OSHA regards the nenercus
epidemioiogic studies tdicating
increased nsk from gaswointesunal
GERCET 88 Outwarghing non-positive
spidemiologic studies and ron-pasitive
and equivesal {indings m animals
urm asbestos. Dote-response
reistionghips foe gastrowntestinatl cancer
sre charscierized lass wail than for
respiratory system cancers. ~
Nonetheiess, 33&\ conciudes ;!m‘ b
gasvointastinal malignancies s 3
inclodad in quanniative snalyses of
axcess canese risk frem ssbestes
exposure because such cancars kave

- made substantial contribations to the

{acreased mactality of many cchorts of
assbestos warkers. Otherwise. excess
cance? risk {rom asbesios exposure
weuld be vaderstated.

The excesses of malignancies at sites
othar than the lung. mesathehum. and

sstrointestingl tract observed by
ikoff ot sl sre particularly

noteworthy because of the jarge size of
Selikoff ¢1 al.'s cobort. The large tize of
their ochort resulted in 8 high degree of
siatisticsl pewar and ¢ high degrae of
stability fer the abserved SMR's QSHA
considers that sabestes might induce
cancer a1 sitas other than the lung.
mesothuiium, and gestrointasunal truct
based en the studies finding cencer
excesses ot these other siteq. especially
the study of Selikoff ot al. OSHA wiit
net sttempx 10 quantfy the excess risk
&t thase other nites 18 felation to
expesure. OSHA views the cvidencs for
ssbestos inducing gastrointesunal tuct
cancar as $UONEEr and More consistent
thea the evidance foe asdetios inducing
eancae at thess other sias.

D. Effrets of Ciyarctte Semvking

1. Intrfuction. A multiplicatng cffecd
of usbesios expusure and cigarette
smoking with regird 10 progucing
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increqsed lung cancer risk was shown in
© 1864 peper by Selrhofl. Churn, and
Hemmond {Ex. 2-3) Subsequently, other
studies of occupsuonal enharts
confirmed this finding (Selikolf,
Sedman, end Himmong Ex H-100:
Hammond. Saliks(l endSerdman. Ex.
84=047). Cohan et al. (Ex 84=037)
chserved poorer perticle clearance fram
the lungs of smokers then from the [ungs
of non-smokers. This finding may heip to
expiain the Migher lung cancer nisk of
srnoking ssbestos workers. [a sddition.
smoking asbestos workers Rave beea
reported o be st Righer nak of
ssbestosts and chest X.ray
ubnormzliues, inciuding pleursl plagques
‘{ammond at gi. Ex. $4=047: Weiss. Ex.
83-087; Weiss. Levin and Coodrean. Ex.

u-om_nibg jann evidencs foe
Associstion Detwees gigareite emoks
30d either mesothelioms nskor

sssuvointéstinil cancer risk (Hammand
et sl. Ex. 84~047).

2. Respirotory Cancer. Hammond at
ul. (Ex. 84047} coljocted smoking
histories from 6220 of the 12081
insuiation workers with & foliow-up
pericd of 19 or more years sace initial
exposure who had been studied by
Seiikolf snd coileagues. The mortality
expenencs of these workers was

-% observed dupng 1967-1878. Of the 8220
-

erikers whe aaswered the

questionnatrs on smoking habits (a late
1908, 6341 were either current of past
cigarstta arokers. 488 had ¢ history of
pipe or cigac smoking, end 61 had never
smoked regularly. The comparison
populatien was drawn frem the
Amancan Cancer Saciety’'s long-term
prospective epidemiciogic study

d d by voi ers. and consisted
of 73.783 white men who had 20 more
then s high schoo! educaion. were not
farmars. were alive ss of januazy 1.

rom lung cuncer that wae $ umes higher
hatt that uf non-emuking contruis. The
lung cancer mortahity of smaking
4abesios workers was 3(50 $ timey
higher thyn the cantrols with o fuastery of
cigarette smoxing. Thug, for Both

T ——
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smuking und non-smoking asbestos
warkurs. the relative nse of deatn fram
lung cancer was ahout 5-faid. Hence. ine
relationship between aitarette smunirg
and 35LESIOS eADOsuUre can besi e -
deserihed us muitiplicative m natyry

Twie §

AeeStandareiles Lung Cancer Seatn Adtes
by Smesing Status ane (ceupdtiens!
Kistaey of Assestat fzaesyre

f13esure nistary af

ts Crgareits festa  Mortality nortatie,
wny asnestas? Sc 1ng 0 fatae  Oifference  fatte
Cantreis [ ] L} 1.3 0.0 1,60
Asagstss
urzers Tes e ' ¥ ) e 4.1 b4
Contreis [~ T Yes 122.9 otil.3 10,44
atpestos
warzers Tes Tes (1N} *$50.3 . 13,2

"Race per 100,000 asneyears STanereided (OF 698 on the Sist) oution of tae
aanspeart of 411 the d10eST8S wersars (DItAS 00 E8SLR £PtIfiCita Aferuation)

From sawmens ¢C 4., £5. 84 047

Regarding thess dats. the NIOSH/ .
OSHA Asbestos Work Croup stated:

“The somirned affect of srmaking and
4sbester EXPCOWE SPPLArS te Ve MOre than

ie add if the ¢ eflect were

sdditive, ene - 1uid sxpect dasth rates of
1007 per 100.000 man-yeere §TRONG 252es1es
workers wie smekad. Thus rate was denived
from the sum: .. e baseling rate (113} plus

1967. and had & histary of ’
eXposure 1o dust. fumes. vapors. gases,
chemicais, or radiation. The majue
sdvantage of tus compansen
populaton was the aveilability of age-
specific mortality rates by smeking
status. Alse, mes with the sbeve
desenibed education and oecupstional
histonics likely woyld resemble the
insulntion warkers mors than the
general US. white mele pepuistion.
Age-standardized lung cancer
mortality rates ler contrels aad for
ssiieston werkers are given in Table 8.
As shown ia Table 5. nen-smeking
sshestos workers hed & mottuinly rate

e

the svor Bat bateling dus 10 ssbostes
($8.4=113@47.1) plus the oxzete dus o
meking (322.5-113@ 1133]. The €ats seem
rathet 8 sstrely & maitipiiestive madat. v
was shawn that smeking slone :noressed the
doath rate Rbout 13 imes. and ssbestes sione
mareanad it § wmes. Therufere. for s
multplicative madel. the monality rane for
these exposcd @ both ashesios and smeking
would be §§ ($ Nmes 11) Lmes praster thas
theoss whe were d et 19 Seh

07 i@ smoking. Tha mortainy rate lov huse
expesad to ssbenins and (o crgnrties was
sctually $32¢7 (B 34=3%2 p. Z').

$elikofl. Seidmun, and Ilammond
exsmuned the offects of cigarsite
smolung and asbestss exposure among

.o

$82 amoeite wédur.ﬁon wockers. 387 of
whom had smoking Ristocies (Ex. S4=

‘190). As in Hammend 2t sl study.

comparison wes mads to age &nd cause.
specific mortality rates wnthia each
smoking siatus category of the American
Cancar Society (ACS] cohtort. Non-
smeking amosite worxers had 8 greater
than §-fold increase 1n lung cancer a3k
compared 1o non-smakers 1t the ACS
cohort. while amoking amosite worikers
had «n slmast $-fold increste compared
1a thair smnoking ACS counterparts.
Based on the excess lung cancer nsk in
non-gmokers. Selikell ¢t ol. stated that
asbestos exposure sleae produced an
inereasad risk of lung cancer. sithough
tRe increass smeng nan-smokars was
limited in terms of total numbers of
sdditional deaths. For cigarette smaking
asbestos workers. SelikofT ot ol.
deseribed the increased sumbers of lun
cancer deaths a8 “devasaung.” Selikofl
o al. cbserved no incressed nsk of
duath from mesothelioma,

DUP 0907238
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Cleat.cut ancwer 1u 1hn Aursung 48 o
Whether (he GALOM 0N IRt whrR glives and

ganteuintcngtingl cuacer «nd usbosigas

A X-tus nopesran .
ATung sMubin aMEsite warkers e srance of pulmunary (ilbeus:s

uinpercy 1o aua-smoking dmosite
wurhers.
3 Lung Disease and Chest X.ray

{hnurmiclities. Hami ¢t al. reported
th.t gsustosis workfrs who smohed

uis 6f roore packs odkigareties per day
3¢ ug ushestos merlulity rutr 2.3 Umes
hicher than that of ssbestos worhers
who had aever smoked regularly (Ea.
84=0471. Mammond et ol aiso reported
that ex-smokers who were asbesios
workers had substanaaily lower desth
rates then asbesios warkers who had
not quit smoiung.

Weiss (Ex. 84~0¥7) conducied o cheut
X-csy and questionnaire survey of 100
asbestos teatile workers. Weiss
raported that smoking workers had &
% prevaiencs of pmuury fibeos:s
and son-smoking werkers had 8 24%
prevalencs of pulmenary idrosis. A

fudum in risk of fibroeis was observed
()

? both incressiag sge and meressing
dursuca of expasure. The age
disiributions of the smokars and non-
smokers were umilar. a3 were the
medien durations of expesure 0
asbestos. Weise conciuded that both
asbes 08 axposure sad cigeretis -~
smoking ware sssociated wilh
puimonsry fibross and that smoking
asbestovworkers had & higher

of fibresis relative 10 nos-
smoking esbestos workars.

Weise did nex indieate whether the
differeace in puimonasy fibrosis
prevalsnce betwess smokers snd non-
smokers was staustically ngruficsas
OSHA tasted the significance of the
difference 0 prevaience of puimonsry
fbrosis between smakers and Roa-
smokers using s chi-squared test of
propcruons and did not ind 8
significant dillerencs (p gresier than
0.1}

in 1961. Weiss. Levia. snd Goedman
(Ex. 84=000) reperted the resuits of o
survey of ¢S men aged 40 or rsere whe

muaiag i sniout wul Meymiee w much
lurter nsearch effurt, peefermanty in @ cohurt
Study” (Fa S8 9. 420

Pentie (Ex. 84371 sutveved I
A3bes1os-exposcyd ships .rd wurkers to
determune the relutive sontribuuca of
ssbestas exposure and smohing to lung
function decrements snd cnusd X-ruy
sbrormalitics. Pearie found that both
cigsretia smoking and asbastos
exposure reduced FEV? (forced

expiratory velume in 1 second) and FVC

(terced vital espucrty}. with combined

" “eapesure huving & “cumululive or

posubly synergisiic effoct” [Ex. 84=079.
. 34). Pearie aiso reported that both
smoking sad esbestos axposure
produced pleural and interstitial
sbaormaliitiss ead that smoking
sppesred 0 be the prmary {ector in
sirways obstruenion and diffusion
inpairment.

Berry. Gilson. Holmes. Lewinscha,
and Raach (Ex. 84~020) studied 370 men
smpioyed at an asbesios textile mill as
of June 30. 1906. Smeking histories were
svailabie for 378 man. Men were
classified as having aever smoked. a3

ex-smoke-s. or .3 surrent fmokars {light.

medium. of nesvy Ggaretie
consumption). The mean cumulative
exposures (fibers/cubic canumaeters
years) were punilar among the smoking

status groupe and age adjustments were

made to accaunt loe the younger ages of
noa-smokers. Significantly grester
pras alencses of crepitatians and small
radiaiogical opecities were sbserved in
heavy omokars and ex-amokers
compared (¢ non-imokars and light
sraokers. Far example. 18% of heavy
smokers emuioyed alter 1950 had small
radiclogical op>~ities compered 0 4.0%
of aever-amokeas employed after 1850,
Kilbumn (Ex. #4=237] has reviewed the
stadies of the ~'stionship between

cigarette smoking and X.ray tvidence of

pulmonary fibrusis. Kilbura emticized
V/siss's use of & dafinition (or

noe cuntributed 1o filirasis regyiting from
asbeston r2posure.

{n summury. there (s same evidince
thut smuking «sie1108 workors huve ¢
higher r1ah of martality from axhesigais.
an weil us g higher prevyience of
erepitations. lung function decremeris
and smail rediciogical epacities. This
evidunee § 1RCONSIUSIN 6.

4. Aitnbyting Procatle Euglogies 1o
Luny Cuncor Ameng Individyal
Asbestos Woriers. Enterling (Ex. 4w
126) analvzad the probubility that anv
single case of lung cancer 1n & person
with Anowa e\pasure 10 asbestus could
be attribuled to the ssliestas exposure
His puper emphasized that it canngt be
siated with cestamney that o lung cancer
in an individusi worker was due 1o

189 expesury: rather. statements
can only be made conesrmng
probobilitias of cause and elfect. He
canverted observed relats e riths 1nto
munn using the following

{ursengsd St t1lg of \um (e @y
L RN L N7 % .
T UL PRI
eem b |

Using Selikofl ot al.'s duta on
insulators. whare & relative nsk of about
4.5 was observed for smoking asbas:os
workars snd nou.amoking asbestas
workers aliks. Entsriine estimated a
prodabulity of 7$% that lung cancers
wery atinguwzble 10 asbestos expaswe
for both smaking and non-smoking
esbesios werkers (3.5/4.5 » 100 18 sbout
ors).

Eaterling’s paper is importunt i
expiloring the exient to which asbestes
can be considered the etiologic agent {or

Pad werked § or Mare yers 12 28 uimonary fidrosis other than that of the lung cancer ia exposed workers.
ssoestos manufae plant. The fw 12 his 1971 study. as well as the Hewever, ia the case of smoking
prevsience of plewrul pluques was small aumbar of workers reportad on in  8sbestos workers. dichotemizing

. grester in cighrotie smekers: however.  \weisa's 187° puper and his otlter pupers.  CuUSALOA 83 mithar dut 18 smoking or

' thers was same copfewading of this A study by Samet et al. winch included o due to ssiesios does not seem
relstionship by eumalative ssbustes s relutively large number af subjests sppropriate 1o OSHA. bessuse of the
expeswe. which slee seemed W and which did not find an effect of fuctor of synergim betwean ciguretic
{nfluenca the prevaience of pleural cigaratie smoking on radiologie smohe and ssbestos. Using SciikalT et
plaquos. Weizs ot oL susted: abnovmalities ehaructrnstic of al's date, peobabilities of cuusation

Concluives or0 reowuined e the wmalt sshestosis was cited. Kilbum concluded  ware estimated by OSHA for uch_
aanler d-t: & s Mvestgation. A that cignretie smoking neither produced  etfolog:c fagtor (See Tabies ¢ ong 7).
DUP 0907239
Y2713
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ut'e CANCER MGRTALITY By SMOKING STATUSY

Lung Cancer Rate ser 100,000 Ser Yesr

Smoxing Asdestos [nsulators:
Non-Smoking Asbestos Insulators:
Srocing U.S. males:

Non-Smoking U.S. Males

362.0
40.4
4.4

9.2

Ytrom settierf et af., 1979° (Ex. 84+080)

Lung Cancer Risk

Tadle ?

PERCENT ATTRIBUTASLE RISK F‘R-OH ASBESTDS EXPOSURE AND SMOKING

$ Attrioutadle Risk

Attridutadle for Asbestos wWorkers:
To: Formyla Sroking  None in
Sackground 9.2 . 2.33 2.43
Asbestos alone 40.4 - 9.2% 31.2 8.8 17.2%
Smok ing alone 74,4 - 9.2¢ 65.2 18.05
Interaction of 362 - 9.2 - ¢
“Sm:ing angd Za'i -65.2 ¢ 70.8%
[ 37-11 . J.
W -TE
Whiie OSHA's ealgulations difTer thereby presenting ¢ significunt heslth
from Eaicrline’y calculations of tisk to-exposvd workers and & grave
stinbutabile risk by ingluding the danger under current exposure
synargism factor. the probability conditions. Cigaratts smoking by itsell
estiraates de net differ much. Acconding  cas csuse dissses snd cancer.
to OSi{A's salaslations. asbestes Cigarstte sad ashesios exposure
exposure contribates o 79.4% and T72%  gppear (e have § uibplicstive
of lung cancer dasthe among smoking reistionship for causetion of lung
ashestes workers end nca-emohing canesr. Mormlity from ssbestoms has

asbesios workers respectively. ’

8 Summary. QSHA conmders that
ssbestns exposure by itscll can cause
lung cancer. ssbostusis, mesuihcfioms.
and gustrowntestingl malignances

been reporicd 1o be mcreused in
siguecug-smnhing asbesios warkers
campirnd 19 Ron-amekiag ssbesice
wurkers. aithough this end 18
incunciusive. Mewral pluques and the

.

DUP 0907240

rudivlogic abanrmuiities characterstic
of pulmonary fibrosis have sz been
reporicd to be more preveient 1n
Gigarette-smoking sabcsios workers. thig
svidencs '8 als0 inconclusive. Ex.
smaking ssbestos workers have been
repurted to have decreased jung cancer
nsk relative to smoking asbhestos
workers. There is no evidencs (or any
relationsiup betwesn cigarette smohing
end nduction of mesotheliomas and
gasvointestingl malignancies.

& Relative Carcinogericity end
Toxicity af Different Fibers

1. Introduction. OSHA has teviewed
the dets concerning the relsuve
carcinogenicity and toxicity of different
asbastos fiber types and has decided not
to make distinctions in this emergency
temporary standard by asbestos {iber
type with regard o regulatory

rovisions designed 1o protect workers
the harmful eflects of asbesios
axposure. Mainly, this is because lung
cancer is the leading cause of desth
tssocisted with asbestos re end
there do not appear to be dilfarennais in
lung eancer risk by fiber type.

Seme investigstors and committees
heve suggested that difTerent fiber types
of asbestos have differences a therr
carcinogenie potency. including
Enteriine and Henderson (Ex. §4=122)
McDonald and McDonald (Ex. 84=134)
Weill et al. (Ex. #4=208). Acheson and
Cardner (Exs. $4=013 and $4=2¢3}. Muie
{Ex. 84=350). and the Advisory
Committes en Asbestos (Ex. M4-218).
These scientista generally believe that
crocidolite end amosite ere more
carcinogenic than chrysotile end
snthophyilite. Based on these scienusts’
re~smmendaucns. both the United
Kingdem snd the province of Ontarie
Canada have promuigated the {ollowing
standnrds for asbestos:

0.2 fibers per cubis centimater (02 {/cc}
for arocidolite

0.5 Bbers per cubie centimater (0.5 T/cc)
for amosite

1 fiber per cubic centimeter (1 f/ce) for
chrysotile and ail ather forms of

« asbeatos

Racently, the United Kingdom has
announced reducuoas wn the imuts far
chrysotiie snd emotite. it 13 important 1o
nete that the questien of dilferentials i
potency by {iber type pnmanly conceems
induction of mesotheliomus. not
asbesiosis and lung cancer. For
mesotheliums, Acheson and Cerdrier in
1079 Jdesenibed s powerful cuse. ' ° *
that erocadolite has been mote
danyerous thun chrysoule snd
anthophyHite™ [Fa. s316. 2. 111
wharuas they chutuctenzed evidencr fur

)
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fiber type diTerentals in nak from lung
cancer and 8sbestosts &s “incsacivave”
and “slight” respuctvely (Ex. $4=218, p.

11}

n 1983, Acheson end Cardner stated:
"Peritoneal mesotheliomsa has aa almost
exciupive reishionsBip ahth expesure (0
the amphiboles crocidofits and amosite™
(Ex. $4=243. p. 8). Concarung lung
cancar, they aoted that aithough one
study (Waill et ol Ex. 84=208] had found
& higher risk arnong workers exposed te
coadolite. no "clesr distingtion” of risk
b( fiber cauld be found when the
slopes of dose-response curves were
compared. Hence. they concluded that
avuilable evidence did not sugpert the
13sumption that chrysotile was ¢ lesa
potent luag sarcincgen (Ex. 84243, p §,.

{n 1963, the Chronic Hazard Advisacy
Panel on Ashesios (CHAP) convensd by
the U.S. Consumer Product Sefety
Cammussion also reviewed the svidence
far fiber type differentiale in
carciaogenic risk (Ex. 84=230) They
coaciudad thet these were inconsistent
and inconclusive findings with regard to
lung cancer differentials by fiber type.
For periteneal mesothelioms. CHAP
conciuded hat epidamiologe studies
suggested that this disesse was most
common i amocite workers. fess <

. commoa i crocidolite worksrs and rare
ils worksrs.

" or non-existerd ia chrysatils
.. Bvidencs (& o fibet type differential in

plaural mesethelioma risk was aet
soasidered by CHAP 16 be s
substaatial as foe paritonesl
masothelioms.

Some heaith scisatists who believe
that evidencs links crocidolile expagure
ta & substantial increase in
mesotheliome nsk have suggested
separeie reguiatory restmeant for
erocidolits (Ex. P=218). OSHA has besn
urged 19 consider requinng that weekers
expased to crecidalite or asbestos
wuxiures contmmng crocidolite weer
sppropriste respitaters. irrespective of
sirborme concentrations af asbestos and
irrespective of compliance with the
permissibie exposuce limit, Furthermers.
QOSI{A has been urged (0 consider
requinng that employees exposed te
erocidulite be informed of the parential
greater riska associsied with crecidalite -
snd the reasons foe mwﬁn respirsioe
usage whenever xXPposures
occur. OSHA invites convments on this
suggestion and oa other sliernative
spproaches ie separass regulutary
treatment of cresidslite.

Thers sre slee scientifie guestions

‘the relativnship Letween
fiber dimensions and ebility to cause
disease. OSHA belivves that asbestos
fibars iangee than § micremeters (um)
cuuse lung discase and cuncer. provided
thist the rata of fibur lenggth to fibce

width is 3:2 or grester. Evidence for #13k
from fibers 108 than § wm in length is
weonciysiva.

A cntical anelysis of the evidence
concerning sk diTerenusis Sy fiber
type and (ber dimensnian follows.

2 Epidemologie Datgmminiroduction:

Cammarc:al asbestos fiber types
including emasite. chrysetile. sng
cocidolite. Aave desa obsarved o be
assccisted with eleveted meks of
&sbastosis. lung cancer. sad
mesothelioms whether sxposures
occusred 10 & single fiber type or 1o
vanous combinations of fiber types
(NIQSH/OSHA, 1840, Bx. $4=320}
Exces lung cancer nisk and ssbestosis
have bean observad in anthophyliite
asbestos workers: bowever. no cases of
mesothalions have been reported
among snthophyllits workers. .

For smostte. an sssocistion between

expasure end disease kas been
abserved by the (ollowing investigaters:
Seidman ¢ ai. (Ex. 84=087), Aadersen et
sl (Ex. 8017} and Murphy et ol. (Ex.
84-311). For chrysaule. the following
{avastigetors have obtained potitive
McDonald et al. (Ex. $4-083).
MeDonald aad Fry (Ex. $4=004), Liddsl!
ot al. (Ex. 84-=088). I .choleon et ai (Ex.
$4=072}, Rubine et al (Ex 84-088).
Demeat ¢t al. (Ex. 34037}, s0d Acheson
and Gardaer (Ex. 34=013). For
crecsdalite. positive fndings were
sbserved by the fellowing investigators:
Jones ot al. (Ex. $4=1331, Hobbe et al.
(Ex. 84»132] and McDonaild snd
MeDonald (Ex. 84~184). Meurman et al.
(Ex. 84~181) abeerved an excess lung
caneer risk ameng aathophyilile miners
in Finland. 1o eddition. aumerous
studies have observed ssbesiosis. lung
cancar, snd mesothaliome among
warkers expctad ) muxed fiber types
(Hughes and Weill, Ex. $4=138: Waill ot
ol Ex. 842204 Jones ot ol Ex. 84=13K
Berry ot ol Ex. 6020 Elmes and
Simpsan. Ex. . Peto ot al. 34=0k
Lacguet ot al. Ex. §4~144; Selikaff ot al..
£x. 34009 Robinsoa ot al. Ex. 4=082
and Balssige-Monts and Seqerrs. Ix. b6
018). Alse. sevursl siudies of 1alc miners
and millers, whers the taic contained
treraslite and snthopt.yliite, Asve
esbesrved axcessas of lung cancsr sad
luag iiuuw nd(gtio?s l:‘ Ls
puimensry rton (Kieinfeld ot &
86=140. 84-143; Brown et al. Ex. 84=03%
*Gambls ¢t al. Ex. $i=181). In addrtion.
teolite. an asbesuform munersi found ia
tha 80ii and avater 1n twe villages 1n
Turksy. nay be respeasible for thoss
villages N:gh moraliity retas from
mesothelioms (Arntvinli und Bans, Ex.
S4=014. Duris ot sl Ex 84=110)

OSIHA s not aware of wary
epidennciogic sudies which compare
workars cxpesed to different fiber sizvs

pup 0907241

-0y asbestos fiber type by companng the

within the same (rdusial process.
Undoubtedly. this 15 due 1o the scurerty
of such occupstions! grouss mnce most
oe:uptt;anol popuuue;u have been
exposed 10 8 Minture of long end short
fibers. Tharefore. mest of m'- dats on
diflTercntial nsk by fiber sze are (rom *
sxpeniments! studies rathar than .
epidemioiogic studies and will be
discussed ia secton (D3] Expenmental
Doto.

Evaiusting the relstive carcinogenicity
of the difTerent asbestos fider types
{aveives companson of results from
difTerent epidemialogic studies. OSHA
baligves that it is important to note the
potenus! difficulties of companng
dilferens occupationa! cohorts.
Standsrdizad ! fortality Ratios (SMR's}
are risk measures that tre dependent on
the sge diswibutios (as well as other
{actocs) of the particuler study
population. Thus is because the vaiues
used {or comparison. referred 1o as the
expected values. are derived from
aortality rates specific for age. race.
sex, and calendar period in
compansoa pepulatien. Cancer risk
rises with incressing age. 00 that an
older popuiation would have higher
expected values for cancer mortality.

Mislesding results may be obtained
whan ¢comparing nsk messurss for
cancer amosg study populations with
different sge distributions.
As example of the misieadiag results
that may be sbtsined in sueh s
instencs is gives in Ex. $4-338, which
{llustrates that SMR's of diverse study
populations may be the samas while the
actual exvess nsk of manality may vary
greatly because of diffarences un age
distribution. Sex and calendar penod of
obssrvation alse sffect axpected vaiues.
becauss womas. «4ve iower mortality
retes from lung cxncer end lung cancer
has risen greatly since the 1940's. Length
of follow-up is snother pivotsl vanable
because of the long latancy penads
neesesary {or deveiopmant of luag
cancer aad sspecislly mesothelioma.

Epidenuoiogic Studiss of Lung
Cancer. Masothaliome. and Absestosis:
The lollowing studies sxamined the
question of diffarenual lung cancer nsk

mortalily experwnces of diffarent
ma’;ml cohorts: McDonald and
MeDonald (Ex. $4-134]. Henderson anc
Entgrline (Ex. $4=048), Weili st al (Ex.
84-208). MeDonald and Fry (Ex. 34=064).
and Acheson ot sl (Ex. $4-018). Sama of
these studies also addrossed the
quesuea of diffsrental mesothelioms
risk by fiber type. Some edditional
siudies of workers sxposed 10 & tingle
flLer type ure slso peruinent to
evalustion of nsk Uy fiber type.
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including McDonald et al. (Ex. $4=088],
Habbs et al. (Ex. 84=132}, Weiss (Ex. $4=
098] Dement ¢t al, (Ex. 64037, gnd
Barry and Newhouss (Ex, $4=021).

McDanald sad McDonald (Ex. s4=154)
suggested that crocidolite was mare
carcinogenic then atile based on

their comparison ef th morwlity of
Canadisn chrysotile mimers and millers
with that of Canadian workers
manafsctuning crocidalitecontaining
gas maska. For gas mask workers. 13%
and 16% of the observed deaths were
from lung cancer end Mesotheliomae
respectively. [n conrust. 6% end C.28%
of the shearved deaths among chrysouls
miners and suilers were from lung
cancar and mesothelioma respectively.
One potentiai probiem was that the
personnel records of the croqdolite
workers were incemplete. which eould
result (8 biases toward observing
greater of lasser risk (n this cohort An
unpublished report by Or. Han K Kang
(Ex. 84~130] commanted a3 follows on
this comparison:

(1) Two major petentiel cenfounding
{actors, fiber size distributicn and Sbher
concentration. were not anaiyzed by the
suthars. If the gus mask plants hed
higher fiber concentrutions and/er 8
higher proportos of long thia Bbers Urtn
the mines. a higher cancer risk would be
axpacted ia the plants, .

" (2) Comparisen of risk messuses such

- a8 Standerdized Mertality Raties

(SWMR's) sad Proportionate Mortality
Ratios (PMR's) might net be appeopriate
between the two accuparienal cohorts
because of potentisi differances in ege
dm:i‘b.um and length of {cllowup

peri
Haoderson and Eatariine (Ex. 84-040)

" compared monaiity of retired workers

expoted tn diffes=~ asbestos fiber
types. After adjusang {or dillerences in
cvmuative dust exposures. Hendersos
aznd Entsr.iie reported the followang
respiratory sysum cancer SMR's for
workers ta an gsbestos fectery and
waorkers manufacturing esbestes
cement: 247 for workers receinng
chrysoule exposures oniy. 304 fae
werkers receiving amasite exXposures
culy. and ¢81 for werkars recsiving
combined sxposures t¢ chrysotile and
m«idam:..dnbm ;:':: pipe
waockers 8 very cancer
MR of 522, Hendersea and Laterlise
stated: “Man whe wearked is the
production of ssbenies camsnt pipe
exhibited & higher tigk of respiratory
cancer, 88 did men with some

respansible [or the increased risk” (Ex.
S4=084). ’

Cancerning Henderson and Enterline’s
findings. CSHA notes that the asbestes
cament pige exposures may have been
dustier then eariie? sstimates indicsted
end thgt some of the workers thought o
have been exposad only 10 chrysotile
ey have had indirect exposure (0
crocidolite. Also. workers tn the
Ssbestos cament pioe operation
probably were exposed mastly to
¢hrysoule (Xang. Ex. $4~139]. Another
potentai coafoundiag fector was that
exposure levels were uncarta:a {or each
group of workers.

Welill. Hughes. and Waggenspack (Ex.
$4-208) studies the morulily of ssbestos
csment pipe workers in two plants. In
the first plant. workers were exposed 0
bath crocidolite (3% of peoduet) and
chrysotile. (n the secoad plant. workers
ware sxposed to chrysotle. amonite (I%
af productl, and crocidalite
(i.n!mucaﬂ{l.

Weill ot ol reportad respiratory
system cancer SMR's as follows for

workers recaiving carmuiative asbestos
exposures greater thas 300 millios
particies par cubic {sot-months (mpef-
moaths) during the flrst 20 years of
employment

Ne eracidolitt X3 e SMR » 1823
(atermitient expesurs @ erecde

lse. SMR = 387
Sisady expaonre 10 @ecidelils cumdMR = 343

OSHA nates that the apperent
ditfecences in lung cancer risk by fTher
type observed by Weill et ol are bused
o reletively small numbers of desths.
Hence. staistics] variation may be
considersd @ possible explanatian for
the observad difTerences. it fs not knowa
i the 73% {ollow-qp rsta may have
contnbuted to 1. .¢ sppurent
differences.

Waill. 2iskind. Waggnepack. and
Ressiter (Lx. 84=207) suggested that
crocidolite expased werkars had poorer

function than workers

puimonary
expoord te ether forms of asbestos.
They reported that wrecidelile workers
had smalier .ng velumes. ¢ higher
slenee of X-ray changes. lowsr
1°0. and reducad diffusing capscity.
Nate==TTV1 reism to e valume of o0
foreilily axpired @ one second. and duliusag
aspsaty refers 1 the sbility of exygen »
leave e sivesl! and entar the pulmenary
Mesdetresm. Reducusas u FEVY and
diffusing sepeasty e iadicauve of impeired
besg hmemon. .

A campariscn between Canadien
chrysotile guners studied by McDenald
st ol (Ex. 84=088] and Assizslion
crenidalite miners studied by Hobbs 4t
ol (Ex 84~132] has bees made by Kang
(Ex. 84138}, The Australian minars with

Ve

one or more yesrs of empleymens and 4
lesst 13 years of follow-up Bag 2 lung
cancer SMR that was soproximarciy
twice 88 high a8 that of Quebec muners
with ong ar more years of employnient
and ot least 20 years af follow-up.
Compansen of these twe groups of
muners is problematie decause of
potenual diffarencas in age distribution,
{iber concaatrations. and lengih of
employment (Kang. Ex. $4=138),
Acbesen, Gardner, Pippard and
Crime (Ex. $4=018) studied marulity of
fsmale workers masulactusing mosty
chrysotile-containing §as masks 1a one
plant (Plaat 1) during 1929 aad femaie
workers manufgctunng mesdy
aocdolite<contaiung gas masks and
some chrysotilecantaining gas masks in
& second plant in 1838 (Plant 2). Plant 2
bad & largsr excess of mortality than
Plant L. Ages at initial empioyment were
vary simuar st the 2 plants. At Plant 1.7
lung cancer deaths ware odsarved
versus 48 axpected (SMR w148,
statistically aon-gignificant). Ona desth
from pleural masothelioma was
observed in & femaie workee from Plant

L
At Plast 2 18 lung cancar deaths were
observed versus 82 .
{SMR = 241, p losa 001} Mesothatioma
wss meslioned 0o § wemen's desth
cartificates, 3 of which coded
mesothelloms as the snderiying esuse of
desth. A statistically vignificant
incresse in evariaz cancer mortality .
was slse obearved st Plant 2 (12 desths
observed vereus ¢.¢ expecisd.
SMR =273, p leas than 001). Possibly.
the deaths certifiad as dus (10 svenan
cancet may have sctually been
nisclassilied peritoasal nesotheliomas.
Acheson et al concluded that “the

- pattern of morta’' 'y is consnistent with

the view Gast messthetisme (end
pessibly overiaa canear) is peracularly
associated with exposurs 1o crocidolite”
(B M=018, p. 347).

Achesos st al's study has 2
advantages relstive to other studies of
populations expocsd te different
asbastos fiber types: beth the age
distributions and lengths of follow.up
wers aimilar for Plant § and Plent 2.
Neither air conconrstions noe durations
of employment were reported {or the 2

laats. however, lnun‘;c P'.;‘m 2 hapdl

en sperating longer than Plant &, Plant
2 weekers may have had s peetar
medien lengh of empleymant Manusl
manufacturing procasses were employed
ot Mant 2 while mechanical processes
were empleyed st Plaat L Perhaps the
nanus! presess led to hizher dust
expesures {er the individual warkar: at
Plant 2 Yt it is alse poesibie that the
nechatical procass at Plant 1 teduced

,oa A~
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the diameters of the fibers. rendering
them mare hazardous. OSHA considsrs
that this study provides sugsesuve

" evidence foc g (iber type diflerenusi in

mesotheiioma nak: however. this
evidence .3 aot canclusiye because of
the lack of informstion @ the air
caneenirstions and durfliansg of
smpioyment. .

Both planta had sxcesses of lung
canzer marwlity. sithough only the Plaat
2 excess wes stalistcally signuficant.
QSHA calcxisted that the staustical
pawer ta detect & 50% Lacrease in lung
cancer risk was only 19% at Plant L,
Cliven the low powar (o detest increased
rsk st Plant 1, OSHA believes tie
satisueally son.s:gruficant excass of
lung cancer at Plant 1 should not be
dunrrdod. Also, Acheson et ol
calculsted 93% conflidense intervals for
tung cancer mortality 88 135=397 for
Plant 2 and §8~294 for Plant 1. In
OSHA's view, these overlapping
zonfidencs intervals for the 3 plants
indicate that the observed differences is

cancer moctality eannot
considered statistically differeat Meace
QSHA sencludes that Achetog atal’s
study does sot esuablish the existence of
& diffsrential {n lung cancer risk by flher
rru (n thase 2 accypational cahoets.

visy (Ex. 84=004) studied o cohert of
284 producticn workers in ¢ paper and

- millboard {actery. This factery had used

only shrysotile asbestos. Ne increased
mnorality fra@ lung cancer was
abaerved monw workers (4 lung
cancer desths o ed versus 4.32
WL Two men died of ebestosis.
neted Umitations of Weiss's
study that (nclude lack of asbestes
exposure data sad very low atatistical
wer. OSHA calci . ted that this study

d oaly 2088 pewer to detect ¢ SO%
{nacresse in lung cancer nsk. Mence.
OSHA doss not consider Weiss's study
as religbls enidence of iow cancer nsk
smang chryseule watiers.

Demant ¢t ol (Ex. $4=337] sbservad o
high lung cancer risk ameng cirysotile
textile worksrs (33 deaths observed
versus 1110 expected. SMRm318L A
high risk of meetality from aen-
malignant respiratory disesses.
nciuding ashestesia. wes alse ebrerved
in this cohort {28 deathe shearved

sxpotied. SMR «284]. One
1woesl mesotheliond was confwmaed
y eutapey. Seveesl sthar desth
osrtificates listed “uanecer of the
sbdemen.” but the auiory were sashle
to ebtain sdditiensl data e determine
whether thess SARSOrS were
sctuslly mum Expectad.
values {or moctality were derived from
US. nortality rates.

Dement ot sl suggested thavthe

higher nsk of respirsiory canoke

noraiity in theur chrysotle exposed
tohort compared to cohorts of earysatile
finars and millers muy have been due
1s ;aﬂcmx fiber s12¢ distndunions.
Using expected values of lung cancer
maerality derived lram the Soutn
Caroling county in which the chrysetile
textile piant was (ocated. 1nsteas of U.S.
wmortality rates. would hsve reduced the
lung cancer SMR's far the cohert

use lung cancer mortalily rates
were 73% higher ta the county than i
the United States as & whole. Dement ot
al considered use of the county retes to
be inappropriste because of the
probable contribution of a neardy
shipyerd as wail as the study plant 1o
the elavated lung cancer rates w e
couaty. State (South Caroling] mortalily
rates {rom lung cancar were sumuiar te
thoss of the United Ststes.

Dement ot al. ales addressed the
possnibility of confounding effects from
smoking. Questionnaires administered
in 1964 and 1871 to workers employed at
the plant did not indicate thet the study
cohort had o Bigher prevalence of
sraoking compared to the US.
populstion.

OSHA regards Demant ot al's soudy
a8 sirong evidence of the potential for
high lung cancer risk from axposurs 10
chrysoule.

MeDonald and Pry (Ex. #4-004)

od & preiimingry report on their
study of 2 asbestos {actories (Plaats A
and §) whare chrysotile wes used
sxciusively and 1 factory (Plam C)
where chrysoule. amonite. and
erocidolite were used. Plant A was the
study plant reperted oa by Dement and
oollssgues. Plant C had peevicusly been
studiad by Rebinsen and collesgues.
Respirstery syster= cancer mortality
was i excass 8t ail 3 plants. Expected
values {or cach plant were derived froma
the age. sex. end Juss-specific
mertelity ratee ol the states i which the
pisats were loesied SMR's were
eslcuiated beginning 30 yasrs after
{nitisl employment at the plants. Ale
canctatrsticis ware dighest in Plaat G
aaxt 1@ Righest in Plant A, and lowest in
Mant B, Criteris for inclusica ia the
sudy cohorts were: (1} One month or

mere of employmant by January 1. 1530 . smploymen

warkers employed 1=4 yeery ot Plants AL
B. snd C. respiratory system cance:
SMR's were 228. 149. 40d 4}
respectively. Among male workers
employed 20 or Moce years at Plans A,
B. and C. respirstory system csncer
SMR's were 318, 164, ang 160 s
respectively, The lower respiratory
cancer risk in men w3 Plant C wes
unexpected. given the air
cancentrations ia Plaat

A difTereat pattern of resprratory
system cancec nak was epparent for
femels workers compared 10 male
worksrs: howsver, the famale mortality
raies were a0t stable because of the
small aumber of deaths. Female workers
{n Plaats A, B. and C had respientory
sysiam cancer SMR's of 234. 348. and 52
reapectively.

McDonald and Fry charactenzed the
ditferences (n the distnbutioa of
mesothelioma deaths among the 3 plants
as “stnking.” Mant A had 1 desth from
mesothelioma (=0.1% of all desths) and
Plant B had a0 deaths from
mnesothelioms. Pisn: C had 18 desths
from mesothelionia (3.20% of ol deaths).
Passibly. as even greaise number of
desths from mesathelioms occurrred at
Plant C due to onrecognized cases being
coded 83 abdominel cancers or other/
uaspecified cancers: .

Rebinsea ot al. (x. 84=0821 had shso
ebsarved a high wesatheiioma risk
among werksry at Plant C McDonsld
and Pry considersd ths prebability of
missing tree cases of mesothelioma st
Mants A and B te be low because of
£00d cancer case sscamanment in the
aress whaere these plants were Incated.
MeDonaid and Fry stated that sxposure-
respanse relationships at the 3 plants
might be clacified after “he individusl
subjects were clasaifiad by exposure
tevels.

OSHA considens the lollowiig points
tmpoctant foe interpreting te findings of
MeDonald and Fry. Althaugh McDonald
and Fry stratified by durstian of
sxpasure {or thair ister-plant ,
comparison of lung cancer mortality,
other inportant veriabiss were not
controlled {or. iacluding ege ot inutial
t fiber concantration. and

asd (2} having any Sociai Secusity length of followsyp. Plant C. which had
Aumlm:‘::a files. Vital statue was the grastest number of deaths from
determned as of Decamber 31, 1477, mesothelioma. also had the highest
The ovarall respiratery system cancer  exposure levels. Hancs. OSHA
SMR was 188 at Plant A confirming the  considers that the differentais in
high lung cancas sk obearved st tha mesothelioms risk smeng the 3 piants
sams plant by Dement snd calleagues. are suggestive. but do aot conclumvely
Furthermors. McDonald and Frynated  demonstrete ncrensed mesothclioms
that their welusion of clerical weikars nsk fromm crecidolite relative te other
and woekers with 18 menths of ssbestas Jber types. Of intereet 10 the
exposure ln 1 cohart, unlike Dement ot finding of gher lung cancer meks at the
sl predably reducad obeerved chrysetile plants (A and 2| relative to

° recpuniacy cances nek. Among nale

t
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concentration. age distribution. and
leagin of [ullow-up need 10 be cuntrotied
[ar when compening lung cuneer nsk of
different cohons.

Berry and Newhouse (£x. 84-021) and
Newhouse. Serry. sndSkidmore (Ex. 84—
1831 studies the moetagty of 8 cohont of
workers manufsctunad inction
matenais. Exposure wis (o chrysotile
exclusively, except dunng 1828=1931
und 1930=1944 when & szl percantage
of the wark/orce wes exposes to
crocidalile. Asbesics exposures were
low in the piant: only $% of the male
waorkers secumnuisted es much as 100 f/
ce-years. The only cause of death 1n
excets wes mesothelioma. To exswine
eticlogic faciars for mesothelioma. 8
matched case~conuol study was
conducted for 10 mesotheiioma cases.
For each cane. ¢ controls were selected
{rom the piant Contzols were matched
oa year of hire at (e factory. tex. age.
and dursuon of employment. Definute
crocidalite exposure was discovered in
the o uons! histories (or 8 of the 10
mesathelioma cases and for 3 of the 40
controls. About 90% of the cases sad
25% of the controls had been sxpoeed to
levels of chrysaule exceeding § {/ce.
Whan Berry and Newhouse limited theie
comparisan 19 those cases and matched
controis who had beea expesed (u ever
§ [/c2 of chrysatile. & staustically

' .. significanCgrenter sumber of cases bad

an occypational higtery of expesurs to
crocidolite as well.

Matching the contrels fer the
mesathetioms cases oa yesr of hire
cantroiled for the importaat {actar of
length of follow-up. OSHA cans:dars
that bath crocidolite and chrysotile are
implicsied in the causation of
mesothelioma by tus study chrysotile
becsuse 40° of (he cases recaived bigh
chrysotie exposures compared to 23% of
the contro's, and crocadolits becsuse
0% of the cases comparsd 10 7.5% of the
conurols had been exposed te
eroeidolite. )

The Chronie Hazard Advisory Pasel
on Asbestes (CHAP) compared lung
cancer nsk m unit of cumelintuve
exposu’e (uiss known es K, the leng
cancar potancy fector) lm,‘a:
cohorts expesed (0 dilferent types.
CHAP reported that studies of cheysoule
workers yicided beth low.snd high
values of K, 28 well s studies

ile wockaers and amesite

[N R Y

workers. Hence. CILAD cons:dered that
evidancy foe o ciflerentidl :n lung cuncer
nsk wus mized and niconclusive (Ex
$4=2361.

Patncingy Studws: Wagner, Berev,
and Pyuley [En. $4=202) examined ine
ssbesios contants of tissue sampies of
lungs of asbestas textile workers who
dieg [rom mesuthelioms and other
cuuses. Wagner ot sl. cud not find either
higher chrysouls oz higher crocdalits
contents ix the luags of the
masathelioma cases compared to the
lungs of ashestas warkers whe aied
from other causes.

MeDunasid. McDonald. and Pocley
(Ex. 84=173) canducted & study of the
aineral fiber contents of lung tssees for
98 sutopsied mevotheiioma cuses snd 99
sutopeiad controls. Controls matched for
sax and age ware selected for each
mnesothelioma sase. All contreis had
been disgnosed as having puimenary
metasiases {rom a primary cancer other
than lung cancer. Lung tissue specimens
were examuned for mineral fiber content
ysing an eloctron miscroscope and X.rey
snsrgy-dispersive analyzer.

Chrysotile. amonuta. crocidolite,
snthophyilite. an ' tremolite were
detected in the lung specimens of the
cases and cantrols. Fer emosite and
crocidalite. sbout 3 lunes as any
mesothelioma cares as controls had
more than 1 million fibers per gram of
dried lung tissus. Per anthophyilite,
twics as many cases &3 controls had
mecre than 1 million {/grema. For

ot:le and tremalile. little difference
in fiber conteats wae ebserved between
cases and controis.

McDonsld. McDonald. and Pooley
stated: “The equal! quantities of
chrysetile fibers fn :ad in lung tissue
frem cases and controls fail (o support
any association betwaen this minersl
‘type of asbestos o, d mesothelial tumers.
Hewover. the lung thrysotle fibes
canteat at death must be interprated
caytiously. &3 these (ibras probably
disappest in the courss of Ume™ (Ex. M=
176 p. 430V .

There are seversl points 1o canadar
concaming McDenald et al's study.
Flrs, if the fiLers responsitie lor
inducing mesothelivms were sise
respcamble for inducin:g cancers st siles

other than the lung snd mesothelium,
thaa s true offact of a fibecon
messtheliama genesis cauld fail to be

-l.." .4',

deteeted because of the stipulatian that
si contrais had 1o huve puimangsy
motusiases Castromntestingl cancers
tometimes Metastasize 10 the lung. snd
tume studies huve obverved excessry af
gastroiniestingl cancer among 3sbesios
workers. Second. since ehrysoule
sonstitules up lo 90% of commerciully
used ssbestos and since asbestos
txpasure is ebiguitous. one would
expect coatrels o have chrysotile fibers
in their lungs. The widespread exposure
0 chrysouls could obecurs ¢ true
relationsiup betwean cheysoule snd
mesothelioma.

McDonald ot ol suggested thut
chrysolile mey be cleared faster from
tha lungs than ather asbestos fibers. 50
that chrysoule retannon n the lungs
May not be the best way (o estimate
chrysoule exposure. Rowlands. Cibbs.
and McDenaid (Ex. 84=178] suggesied s
teadency for chrysatile to be removad
from the luags because of thesr
observation that the quanuty of
tremolile in the lungs of Quabec miners
and sullers wes simtlar to that of
chrysatile. despite the miners’ much
gresiat exposure (9 chrysotle. ia
genersh OS1IA believes that the results
of sutopsy studies of fiber content ol
lungs cannet serve ss ditem messures of
risk differesuals by Gider type.

Masothsliamo Findinge: As mentioned
in the intreduction te this section. the
primary basis for the hypothesis that
crocidelite is mete carcinegenic than
other forms of ssbestor:s the obearved
variation it mesethelioma mortality
ameng cohsrts exposed o different fibee
t A sunmery of the pereentage of

ths frem messetheiioms among
cohorts exposed to different {iber types
follows.

Meurman of al, (Ex. 34-288). who
observed excess lung cancar mortality
amang anthophyllite mmners. did not find
any desths from mesothelioma in thur
cohort, In Seidman ¢! al.'s cohort of
amosite insulation production warkers,
8 total of 14 mesotheliomas wers
{dentified by death certifieats or
pathologicai reports (Ex. 84087}, These
14 deaths from mesathelicma
canstituted 20N of total destds in this
cshort.

Coborts of chrysotile workers had
reistiveiy low percencages of deaihs
{rom mesothelioma:
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WESOTHELI A DEATHS AMGAG COMCATS OF CHAYSOTILE WRKERS

Study

mclonsle esfal.
(tx. $8-065F - siners

kichalson et al.
(Ez. 84Q072) - ainers

Dement ot &l.

1 ef deatrs from Nsotnohcl‘u

013

0.5 .

o.’

(E2. 84<037) - taxtile worters

fuotne et 8l.
(€2, 84-086) - siners

Hammond et ¢l hawever. cbserved 2
higher percentage of desths from
mesothelioms (Ex. 84=047). Hemmond ot
al. studied insulanon workers exposed °
' predominantly to chrysatile and to some

smosite, but net 1¢ crecidolite. From

desth cartificates and ether clinical
matenal 178 deaths (TI%) were
sithouted to megothelioma out of & total
of 2271 deaths. Pete (Ex $4=148) stiudied
 faciory wiich used mostly chrysatile
snd some crocidolite. and found a high
messtheliona risk. Robinson at al. (Ex.
$4=082} obsarvad 4% of deaths from
matothelioms in s cohert where the
factory used the follewing percentages
of asdestas fiber types: chrysotile=00%.
sMositewnO SR and crotidolitem=0.078.

Among crecidalite workers.
McDonald sad MeDenald (Ex. $4=184)
observed 185 of desths from

. masothelioma. [oacs ot al. abserved 108
of detths {rom mesotnelioma (Ex. 84=

138}, McDonald and Fry (Ex. 4=084)

sbserved 1.28% of desths {rom

messthalioms. and Hobbs st al. (Ex. 04

132) abserved 96 of desths {rom

nesothelioma,

The Chrorue Hazard Advisory Panel:
on Asbestas (CHAP) stated that
penitonesi mesathelioms “appesss to be
most common in wockers exgesed @
amotite. less eftan 1@ wocidelile. and
rarely or never 19 chrysetis” (Ex. 84=
233, 9. 177}, Hiowever, CHAD asted e
large vanistion in periioneul
mesothelions mertality
crocidulite wockers. the inck of risk data
a:w{un‘ i \crme of sait :‘mcun. and

* requent W "ﬂlllul
setothelioms. Compequently. CIHAP
suggeswey that (ngiors ether thun fiber
type. such as fiber dimension. may be
importunt for inducties of peritonest,
mesothelioma. Fur plueral
mesvthelivma, the differenerns in
morwiity among cahars were nel as

o0
b

marked as for panitonesl mesothelioma.
sccording 10 CHAP (Ex. $4=150. p. 1201

Summary of Eaidemioiogic Data: in
summary, there is evidencs that all
commarciel asbastos TlLer types. except
for anthophyllite. cause ssbestosis.
mesothelioma. and lung cancer ia
bumans. Anthophyilite has been shown
to cause lung cancar and ssbestoms. but
ae mesotheliomas have been reported
smorg werkers exposed (o
snthophyllite. For lung cancer. OSHA
views the evidence ler differenusls in
rsk by fiber o8 incanciusive and
inconsistent, Some studies hove found
that chrysatile workers have rovghly the
same or Nigher risk of lung cancar
m:cnd ig workers exposed to
smphibeie fibery. while other studies
heve found that chrysouls workers had
somewhat lawer reistive risks of lung
cancar. As discussed by CHAP wih
regerd 1o 18 ¢ comparison of lung
cancer rigk par unit of cumulative
sxposure. consistent pattermns of higher
lung cancer nsk ameng workers
10 erocidolite and amosite did not
emerge. With some excaptions.
comperisans of lung cancer risk ameng
secunational coherts sxpoted 10
different fibers generally have failed to
contrel foe the fallowing vanablss: Fiber
concenuations, sge disinbution. end
leagh of abaervation. These vanubles
sre sulliciently important determinants
of ashestos-induced lung cancer risk
such that OSHA beligves thete
particular crosscohort comparisoas
previded Inconciusive evidenca
sencaming ditlerences 1a careinogenic
potency of the vanaus fibers. Other
\mportant varigbics that may confound
cross-cohart comparisans are fiber size
disiributiong. hygienic mcasures
insnituiad by he cumpanies. and
ESPILSLUr yae. .

The evidence for & differcatial in

s o

'
[

mesothclioms nisk. particylyrly
pertionesl mesatheiioma. uy fier tvee
is more cunsistent thun for lung euncer.
Nonetheless. this evidenes apoears nat
o be conciusive because of farlure oy
most investigalors (o conirel [or
unporient vanables when companing
different ocoupational caharts. .
Mesothelioma nsk is allected by the
same vanaebles that detarmune the
degree of lung eancer nak. Furthesmore.
masothalioma has & longer latency
period than ssbestos-induced lung
cancar and rises exponentially with
lnanlin’ time sincs 1ulial exposure,
such that length of observation s &
vanable that must be controlied for in
cross<cohert comparisons.

Chrysetile is 8 lung carcinogen for
humans. Even f chrysotile couid be
deflnitively shown te induce fawer
mesotheliomas than the other forms of
asbestos. OSHA beliaves that
g:‘:miobgic studies indicate that

satile poses @ significans hesith risk
(o humans by uduang lung cascer and
ssbesioeis.

QSHA has concluded that fiber type
is not an important determinant of lung
cancar moriality arising {rom gsbestos
sxposure. Becauss lung caocer is the
maijor cause of excess mortality ameng
asbestos workers, QSHA does not desm
it sppropriste te permit higher levels of
xpesure 0 chryustile than 1o ether
asbestos fiber types on the basis of the

ibility that c::milc may induce
swer mesotheliomas than the
amphibolss (amosite. crocidelite].

3. Experimertel Dete. OSHA belisves
that aumersus studies of laberatory
snimals expased te asbestos have (ound
that the dimensisas of fibers rather than
types of fibers are msjor determinants of
nsk for lung disesse and cancer
{Hanngtoa. Ex. 86=131; Poit Ex. $4=173:
Stanion. Ex. 84=43, 0:4=125: Wagner ct
sl Ex. 84=198: Wright and Kuschner, Ex.
$4-210). Aspect raues (is. leagth to
width ratios) of fibers have aiso been
suggestad as [actors influencing
carcinogenicity (Bartrand snd Pezeral
Ex. 84=114). Because fiber s1ze
distnbution appesrs to slfect diseuse-
Faunng pot . the seuree of the
ssbesios used for laboratory
expenients and the metheds used to
producs the asbestos “clouds” should be
considerad when miterpreung the resuls
of laberatery exponments.

Chrysatile. amasite, and crocidolite
have sil induced cancer in srumals upon
sdministration by inkalation. injaction
and implaatsuion (NIOSH. Ex. 8+=338.
NIOSI{/OSHA. Ex. 4120 Wagner et
ul, Ea 84=208; Davis ot 8l Ex. $4-120).
Dawvis ¢t sl [usad that UICC cheysaule
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produced more [LLIOSIS inN ruts via
inhalstion than did UICC smesue.
Fuclory samplics ol chryseule, however,
produced & similar degree of fibrons via
ahalstion compared 0 (actory samples
of smomsite.

Wagner ot al. condted inhulution
studies of $ VICC asb€sios sampies (2
chrysotile. 3 amphibole) in C/D \Vistar
rats, and found sismiler degrees of
pulinonary fibrosis end lung tumor
incidsncss for sll exposed groups (Fx
84000} {The Union Intamationsie
Cantre Cancer (UICC) was the source
{or the asbestas fber sumples used in
the study.] Aniinals exposed to the
chrysotile samples reteined much less
dust us thair jungs ot the end ¢f the
exposure periods than the 3 other
exposed groups. Concarmng Uus study.
the NIOSH/OSHA Asbestos Work
Group commented: “in terms of degree
of respanss reisted to tie quantity of
dust deposited and retained tn the lungs
of ruts. chrysotile sppears to be much
more §i Ric 3nd carcinegenic than
the amphiboles” (Ex. 84=320. p. 18). Of
{nterest ware the mesotheliomas
occurnng sfier ouly ane day of exposure
to emante 9ad crocidalite.

Intrapleursi administration of varigus
forms of asbestos produced the
{ollswnng incidencs of mesetheliomas:

crocidolitemg1 R, amosito=mdeR,

chrys
chrysotile=s10% (Wagnar ot sl Ex, b=
197}, In contrast. Stanton sad Wrench
(Ex. 84=338} did net observe differencss
in mesothelioms 1acidenes by fiber type
with intrupleural implantation.
Chrysatile muy act a3 & co-carcinogen
{n addition te acting ¢s @ primary
carcinogen. Kung-Vosamae and
Vinkmann (Ex 84-143) observed s
strong nteraction betwean chrysotile
- sdmimatered intratracheaily end N.
nitrosodiethylamine sdaunistered ocslly
with regard to producuion of lung tumors
{n hamsters. N-nitrosedisthyluming hes
besn demoastrated to be carcinogenic (8
many dillerent spacies by many
W7 Sanion, Laysrd. Tegiri.
1977, Sianton,
Millsr, May. and Kes! published the
results of 1ante of 37 fibesas glaeses of
varying types and dimensions (Ex. 8=

fibers less than or equui 10 1.3
micrometsrs (um) ia diameter snd
longer thea § xm produced the highest
incidence of pleursl sarcomas. Fibers
lege than 8 um ia lenath sppesrud 1o Le
inactivated by phagocytusis. ¢
{Phaigocytons 18 the enguiling ol Tareign

partcies by phagneytes. which sre calls
thet usunlly digest these pacticics
order 1o protect the budy [rom them.)
Stunton ¢! al. stated: “Since nenplastic
response to & vanety of types of durable
fibars. particularly asbestos [ibers. wag
similar, our experiments remnforce the
ides that the carcinogenicity of fibers
depends on dimension and dursbuity
ruther Qun physisochemica! properucs
and emphanize thet sil respirable fibers
should be viewed with caytion” (Ex. $4=

o, p. 871

OSHA deligves that Stanton et al’s
study has important implieations for the
question of fiber type differentials in
risk. The study suggests that any
observes diffarences in nak by fiber
type may bs due to dillerences u the
ider siz8 distributran within the
workplaces being compared rather tan
inherent chemicsi properiies of the
particulur fibers. Stanten et al.'s study
suggests that fibrous materisls besides
asbestos can produce 8 cercinegenie
respanse in bowh the pleurs and
pentonsum. provided that these
matenials possess carcinogenic
dimensions. Among the [ibegus
matenals demonstrated by $tanten st sl
te produce malignant tumers fallawing
implantation are: All of asbestos,
[nciuding amosite. sathophyilite,
chrysotile. crocidelite. and tremolite:
borcedicste: gless: sluminum silicate
glase: mineral wook sluminum oxide:
polassium titanate: silicon carbide:
sodiym sluminum carbonate:
wollastonite: and attapulgite. It should
bae noted that Slanten et al's study did.
a0t rule out carcinogemicity of fibars
outside of the dimensions shown to be

carcwnogenic.

Stanton :: al. (1961) continued their
implantation expenments. grestly
expand:ng the aumber of durable
minerals. including asbestas. tested via
lraplaatation inta the pleyrse of female
Qshomae-Mendel rats (Ex. $4=188).
Sianten ot al. sbegrved that the mest
curcinogane fibiers were those 023 xm
or lass (n diamaeter and greater than &
pm in length: however. high correlations
with carcinogenicity were also obscrved
for fibers 1.5 wm oc less in diameter and

bﬁu then 4 um.
right and Kuschner (Ex. $4-210)
stedied the production of fibress b
I runea ge. Ty abatrees Hotosls
guines pigy. 9 i
oaly (rom ssbestos fibers longsr than 10
po Cibbe and Hwang (Fx. $-128)
peinted out that industrial processes
wsing asbeswe may reduce tha
reentare of shoeter fibers in the ale.
NIOSH {Platck, Groth. Finacil. Stoll,
and Ulrich) conducted ¢ study of the
chronic allects of inhalation of short

N A

——— ——————————

as thuse Icss thaa § mierometers (o miin
lengtn (Fx. 84=230). Byth rats and
monkeys were exposed to a chrysoulc
ssbestes scrosal for 18 menths. The
mn-wm’ P38 were obsemved for 8
months [ollowing the cessation of -
exposure. Neuher puimonary fibrosis
nor tumors were ncreased in the
exposed rats compared te the control
rats. Monkeys are deing mawuined for
an indefinite penad following exposure
to determine the chronic effects of
sxpesure.

The NIOSI1 investigators encountered -
some difliculties in trymlf 1o generyte
short Tbers. The ball milling method
was used (o genarate f(ibers, rosuiting 1n
asbestes bails that eouid not mect the
desired 3:2 aspect ratia. Some problems
also occurred with regard o the
mathods of counting esbestos fibers and
detarmining serodynamic diameters (Ex.
$4=230). Consequently, OSHA considers
that Platek ot al's study provides
suggestive but not conclusive evidence
that short ssbestas dbers do no¢ induce
puimenary fibrosis ar tumors.

Some chemists have posited they
asbestes fibers have biochemically
active sitcs on their surfaces that can be
modified 50 as 10 reduce the hazerdous
Bhe siscuical charge of cheical proute

itul groups
oa the surface of asbestos fibers has
hypothesized to (nfluencs toxicity

‘been
of fibers. For example. one chemical

removes the magnesium
draxide s:eu on the d:umcc :f
chrysotiie and replaces them wit
silanel grewps. produsing a farm of
asbastos known as sisrized asbestos.
{a vitre tests (ia8ls conducted on cells in
test-tube simulations of living sysiems)
have bess conducted for normal
ssbestos fibers snd chemically-trested
asbestos fibers. Decreased toxicity in
chemicsally trauted ssbestos fibers
compared to normal ssbestos fibers has
been reported (Ex. 84=313), OSHA
co 1yiders that the hypolhesis that
biochemically active sites on the surface
of asbestos fiLars determing the degree
of careinagenicity of the fibers 13 not
well supported et this time. Tlus is
JDecasss many in vive studies. especially
those eanducted by Stanton et ¢l huve
found thyt fiber dimensions rather thun
chemica! properties appedred 1o be the
primsry determinant of fiber
i icity. Stanten et sl (ound that
8 variety of non-ssbestos fibers could
induce cancer. if they were muiicd 10
spucific dimenaions. The in vitra studics
of chemically treated asbestos are not
us determinative of heaith nsh as then
vive studies of [iber dimeasion and
henes do net rufute the findings of

‘stbesice fibers. with shoet fibers dufined  Stantonm ot al. angd other investigaturs
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concermiag the ovarrding impurtunce of
f.ber dimensinn. Therefore, OSILN will
continue to indude cheaucallv-tevgted
ssbestos [onger thun § mivromelars with
4 3.1 or greetar aspect 13110 10 the scape
of the ss0aston stundyrd. on the basin
that chemnully-nw{ asbestus poves ¢
heulth nsk similue (o rat of untrested
asbestos. *

In summary. OSIHA
expenimental studies of srumuis as
suggesting that all asbestos fiber types
possess umiler carcinogenic potency.
Animal studies also sugiest that (ibee
dimensions rather than chemical
properties or (Ther type muy be the
strengest determinunt of
carcineganicity. in OSIHA's view.
Extrapolation of the results of
sxperimantal studies in animals to the
buman experiencs necessitates an
sssumptien that the fiber dimensions
used for experimental studies resembie
fiber dimensions is workplsces. This
sssumption might not be valid 1a all
instances.

4. Other Fectors. The various types of
ssbasies fibers may diffar in the
percantage of fibers avuilable for
inhalation and the length of time that
dust clouds remain sirherne (Rowe. Ex.
84=088). Crocidolite might stay airberne
for & longet puriod of ume a0 have 8
e of reupirable Nbers

excsed aathophyilite in regard to these
twe characteristica (Mutr. Ex. 84=350).
The preparation method for chrysotile
will deterrmine these two charscteristics

. {oe 8 laborstory sample uf chrysatile o

{or 8 pardculsr workplace with
chrysatile exposure (Rawe. Ex. 84-088).
Because thicker flibers mught drop te the
gound faster and e
generally finer than the ether fibers,
crocidolite use might load W Justier
work snvirenaents and hence s grester
health nsk. sven if srccidelite 15 Aot

on g (iber-faefiher

more
 Basis {Muir. Fx. mind%0], llowever. mest

respt wule fibern, which are the fibers
likaly 18 w:w d|{u-;|lso-. -m Ia‘ ‘
remsin withome foe long o1 imae.

Anether puint le cunsuker is whather,

tor different filuet typea, the fatie
between [ilers visibie under 3
microscope and uitia.fiw
submicrusaupic: fihers varwes. This
weould coaliml comparisuns hetwees
cahorts spparwtiv ev e (o the sume
tevels of differvnt visilie hiwen yaler
the micrvacupe, f n-k-.:“l tiliers nat
cawnied by the present upte
nicroscepy swtikal ne o izand s
heaith (Mus, By s 2al)

OSUA Lielies s that thie koot filieen e
iound n mitteg et b aned that
Subeyisent Blatnid.i Luling (R reses
tond to brvub Bilne s dgett winl ishae

thete Jiimeter Sascd un expenmentyl
findings impnicaung lony thin fibers as
Ling (he must warcinogunic {ibers. these
subscyuent processas may have ¢
§reuire curcinogamic husdtd compured
10 the 1tiul mining and muiling
operetiong (N.cholson. 1981, Ex. 84071},

OSHA examined the question of
differentials in carcinogenic nsk smong
reanufacturing processes which full
under OSHA'S junsdiction. As is the
case for studies of fiber type. cross-
cohort campanisans of procasses should
control for the foliowing varables: {iber
concentrations. dursuon of follow-up,
dutation of expasure. snd age
distnbution. To sccount (or the variable
of fiber concentration. OSHA compared
the potency factoes for lung cancer (K
of different manufactuning studies
because patsncy fectors are based oa
nsk per utut dose. As discussed in

“Secuon V. Quanutative Rish dnaiysis.

the potency {actors {oe iung cancar were
not consistently higher foe any
psrticular manufactunng process.
Because potency {actors ler
mesathelioms (Kq) could be calculsted
foe only ¢ studies, OSHA cauld not
compare Ky's to. dullerent
manufactuting processas. in summury.
thers does net appest 10 be & consistent
c;mn of differennsi lung cancer risk
manufscturing process. Therefore,
OSHA decms it appropnate 10 coatiane

to apply o single PEL to oil segments of
industry covaered by the A.\q. 2
Relatively thuck respirabie fi tend

te ledge 1n the lung wiule thinaer fibers
can travel to the penphery of the lung.
and penetrate gnd then lodge n the -
pleurs. Thase fine {ibers lodged in the
pleura mught Le the tnducers of
masotheliomas (Nicsuison, 1881, Ex. 84=
071}. Bignon ot al. (Sx. 84=108) studied
the lungs and pleu=e of shipyard
waekers. and found larger fibers.
especially amphiblles. i the luags. In
the plenrse. fine snd small fibers,
usuelly eheysotile. were found.
In summary, O${{A recognizes that
the fiber typas may differ with regard to
theis tendancies ‘s besak inte fine ibers.
Crucidolite sopears te divide iate finer
filbers mace readily than other asbesios
fiber types. which may render it more
hazardows. Manuluctunng processes
eould incrense the earminngenitity of
aslxrstos by gencruting fibers that are
thianer 1a diameter relative 10 mining
and miiling procasses. While these
luctors ure wteresting and contnbate to
the fermution of hyputheses reganding
the mechanisms o usbestos
carcmweenanis. OSELA Luireves that
thewe {actors de nut provide 8 deliaitive
* 10 the gieston of passible

diiferentials i sk by fibes type. OSHA
virns Ihe Juta from eprduminiogic and

pup 0907247
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epenmental studics. whieh have
vhearved e\coss cancer nse (rom
expusure 10 41l ssbesius fibor v pog. o3
being the Mast iMPOFtnt with regard 1o
the question of dillerents! heuith LIS
by fiber types.

b Tremolits and Anhophyllite. Same
but not alf commercial talc depasits
contain serpening ashestas and fibrous
smphibale asbestne. including
chrysottie. tremolite. end anthophyilite
{Cement and Zumwaide. Ex. 84=030}.
Kleinfeid ot al. (1987, Ex 84=181) ntudied
the proportionate mortality of 220 tle
miners und zullers 1o New York Stute
whe hyd been exposed (o ssbestos
conwined in taic. All men were
employed during 1640 and had 15 or
more yosrs of axpogure during 1940=
1868, Of 91 deaths in the study cohort 10
(13%} wers from respirstory system
cancer and 28 (31%) were {rom
preumocaniosis er compiications of
pneumeconesis. Kleinfeld ot al.
caleulated that only 2.9 (3.2%) deaths
from respiratary system cancer would
have been expecisd. resiiting in e -
grester then 3-(old risk of respuwatory
cancer. A follow-up study by Kleinfeid
et al. (1874, Ex. 84=141) included 280
workers exposed te asbestos \a taie.Of
the 108 desths sbserved. 13 (12%) were
{rom respiraiory cancer compared to 4
(3.9%) expectad. The high propartion of
deaths {rom pneumocnnios:s nay have
teducad the aumber of desths from lung
cancet.

Kiviluato et gl. (Ex. 84181} and
Nuwmunea ot al. (Ex. 84=181) observed
paeumeconicsis and exeess lung cancer
meruiity among Flanish worker
exposed e talcs contauning fibrous
anthophyllite and fibrous 1remolite. No
desths frerm mesotheliema were
reporied by (these investigaters.

Yeziciogly. lleayro. Balar. Sayl. a=d
Yeculmat (Fx. 84=211} reported 8 high
prevalance of plewrsl calcification and
thickening snd » high mortality rate
from mesetheliome among residents of
Carmik. s town in Turkey 1n which there
are many depossts of ssdestiform
minersls which are used as eanstaiction
materigis. The censtruction matenasls

J1ave buen showa te santein [ibrous
tremalite. antigorite. lizardite. chlonte,
and tale. Yaniciogiu et ol siso reported
an sxcess of luag euncar in this

tiew. .

Srewn. Demant, and Wagoner of
NIOS!H] (Ex. 84=023) canducted 8
Nistoncsl prospective studv of tulc
niners aag asillers of one compuny in
New York Siate repocted by the
comguny to be miming taics nat
ennteming asbestos muncruls. NIOSH
(Dement und Zumwuldel howesre. had
reparted asbesten expusure in the tulc
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mine and mill. NIOSH conducted an
idusimal hymene survey of the study
tale mune and a aaigi:bonng tuie mine
known to contain asbestos fibers, Silics
expasures were found (o ba very low,
weil beiow NIQS!H's regommended PEL
fue silics. Radon d3

messurements made by tie Mine
Ealorcement Safety Admunistrstion
(MESA) showed only nil te racs leveis.
Dement and 2umwaide found that
exposure charactanatics between the
study mune end seighboning mine were
substandally sunilas:

“Ia (act. the airborne dust samples frem the
mine snd mull studied by NIOSH aad
wantgined by the compeny @ be esbestes
free were (sund Lo eORBIA § Mepher
preportion of pontvely dentified
asbestifern amphibeies larnely due to ¢
bigher tremolite sontent. All athet fiber
charsciensucs. tuch 8(s| medias langth,
dismeter. aspect rutio. and less
than § §m m iength were net statistically
lerant ot the 0.5 avel” (Ex. =182, §. 100,

The NIOSH study cohort (Brawn ot
n!.)’lmuw tee of uu:l wm-h; e
oM some e { 18471
Vital status of the 308 cohort ettbers
was determined as of June 30, 1978,
Comparision wea made (o age. calendar
period., and cause-specific mortality
rates of US. white meles. Signilficant
ircreases in lung canser mertality (8
ebearved deaths varsus 33 expected) -
and son-malignant respirstory disesse
mortality (8 observed versus LY
expected) were abserved. One denth
from mesothelioms ocourred. Since the
{ndividual who died from mesathelioma
bad previeusly werkad in the
consirucyon industry. his desth could
not be definitely ascribed to his
expasure tt. . _.nolite or anthophyilite.
Of the 10 individueis who died tom
respiratory system cancer. 3 had

ously worked foe sther New Yeck
te tale companies.

NIOSH immu,um alse sddressed
2:: nlm:‘lo:n a;md'i‘ag effecta of

ats.l& smoking {a their opinica. s
cohort of heavy smokers would have ne
more thas & 49% increass in lung caneer
risk (s rolation o all US. whits malse.
Because they observad & greater
{ncreass in lung cance? risk. aimost 8 3»
fold risk they jrdged that cigeretie
smoking was valihely \g aceoun for the
ebsarved excess cancer risk ameng
thase Laic minars eng millers exposed t¢
asbestes. The erwse-sestiona! mechidity

Dement. ind Weganer stated”
that “expesures (9 asbestiform tremolite
snd snthonhylhite stand out as the prime
suspected cuologic lactors™ assecinted
with the sbearved excess rishs of lung

cineer gnd resprrutory disease. They
conclyded that "exposurus (9 luica [rom
the Gouvemeur muning srea ore
esscciated with an increased nsk of
bronchogenie cancer end non.mulignan
diseuses of the respisatory sysiem™ (Ex.
S181)

A messured by optical microscopy,
sverags air concantrations of fibers
grester than § um in length ranged from
17 f/cs to 0.8 {/cc a3 an S-hour ume-
weightad aversge foc ¢ diTerent job

titles in the mine. [n the mil. svarsge air

cancentrauons for such fibers rasged
from 1.8 f/c2 to 8.4 {/cc as an & hour
time-weighted average foe 18 dilferent
job titles. [Ex. 84~183. pp. 7=10)

In addition to the excess morulily
from lung cancer and non-malignant
respiratory disasse observed by
Kleinleld ¢t al. and Brown ¢t al.
numarcus studies of tale miners and
nillers axposed te asbestas contained in
tales have estadlished that these
wockers hgve & kigh prevelence of
pleural thickeaing. pleurs! ealeification.
decrements in puimonaty fuacton. and
fibresing lung disease (Dreessen. 1833;

Dreessen and Dallo Valle. 1938 Siegei ot

sb. 1942 Schepers and Durkan, 108%
Messite ot ol 1938; Kleinfeld ot sl. 1963,
18564, 1964, 1064, 1063, 190l 1673
hourman ot als 1074: Kiviluote et ol
1864: Ahiman ot al.. 1972 Porro et ol
142 u.:o-t:ad)i M‘::yotumo m:m
ware conducted (n the same geogrs
aree as the studies by Brewn et al. and
Kleinfeld ot ol

A cross-sectional marbidity study of
the same company whese mortality
nﬁmm was studied by Brewn aad
colleagues wes performaed by NIOSH
nvestigators (Camble, Feilner. and
DeMes. Ex. $4=181). As discussed
sbove. NIOSH conwdered that this
company's werk{a® e was exposad to
asbastos contained within ‘aie. NIOSH
observed markers 6 asbestos exposure
in the lunga of these warkers (n sddition
e ‘ tems and

sad millers. 323 participeted in the
survey. Respirs ‘ory queshonnaires.
chest X.rays. and spitomneiric testing
wers sdministered to panticipating
wockers. Companssn of respiratery

mocbidity was made to 9347 coal muners.

1087 potesh miners. chrysotle asbestos
workers and synihetic wool textile
workers. OSHA coasidars that one of
the major strengths of Camble et al’s
cress-sectional morbidity study was the
cheice of compansen populstions.
Becausa talor coul. and potash miners
are likely to be similar 10 many on.
oczunerionsl factoes that may eilect
respiratory morbidity, the liketihood of
dilferences in respiratory
marbidity being due to specific

g

DupP

repirtery oymp luag
function decramaents. Of 154 male miners

warbplace crposures of the tale warkess
ruther than other ask fuctors for wung
discase is pratly increqsed.
Compurisons with the coal and potash
minces wore siratified by sge. herght,
smoking siatus. and duration of ’
employment 1a miming. .
Cumpared to coal miners and potush
miners. the tals workers with no
Previous occupations: exposure within

, Other talc mines und mulls had

statistically significant incresses in
plearal Lhickening and s higher
preveience of pleurs! ealcificstion.
When oll aic warkers were combined
without regard to previous eccupational
exposure ta taic. incredsed prevalences

of phlegm producuion. dyspnea.
plewral thickening. pleural culeificsuon.
and izreguisr epacities o the X-tays

ware ebserved in talc workers
compsared ts oae or both mining contro!

Foupt.

{a sdditien. tale workem hud
sigaificantly decressed puimonary
functisa (FEV1 and FVC). Decreated
lung fusction was sssociated with
increased cumulative expesires and

the of exposure.

ale waorkers had ¢ umilar prevaience
of respiratory symptoms when
compered 10 chrysatile asbestos
workars and ¢ much highar prevalenca
of symptoms whes campared (o
synthetic weol textile workars. In
congrast, plenral thickening was four
limes a8 common ia tale werkers
md 1o the chrysatile werkers.

was not found to be sssacisted
with the obssrved radiograsghic changes
u::ndiu their studies of merbid
eir studies of mesbidity

snd mortality of werkers expesed t0 taie
contrining asdestos. NIOSH caneluded:

“A tharough review of the svailadle
literature domenszated that fiadings of the
PrRSONt 2GS S1¢ (R agreement wnth these
of other studies of SCCUPATERE! greude
oxpesed 8 the 528 or 1iMiar Sunerais o
minorsl Mmixtures. Thig fs espetially true foe
campatinnal expotures (¢ sntheshyllite
cobesios. Theve fadings make it mperstive
that werkars frem the mine and mull studied,
herein. be revtinety sbeerved saing sedical
servetinges erens snabinhed m the ORHIA
and MSHA sshesis stangard. Furthermare,
all pravisions of thase standards shauld be
foliowed dunag the predusuca sad
sbsequent woe of these wica” (Ex. ¢4=181, p.
E-1 N

Stille and Tabershaw (Ex. 84-19G) of
Tabershaw Ocsupenonsi Medicine
Associates studied oll mals warkers
employed someume Junng 1948=1977 st
the tuie mine and mill studied by
NIOSIL A tota! of 708 men were shgible
for the study. and vital siatus as of
Decssiber 12 1878 was secertamted lof
€72 of the men. Of the 708 men. 33
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workers were excluded beesuse of lyek
of tnformation on specific vanabies,
leaving & cunort of 835 for anatyus,
Companison was made lu sge. calendar
period. and cause-specsfic mortality
rtes of U.S. white ma .
For the averall coherf excesses in
mortality that were not Riatistically
tigrificant were observed for lung
cancer snd non-malignant respiratory
disease. Stille and Tabershaw judged
that the zoarsignificant excass of lung
cancer wes "consistent with & smoiung
e{Tect” rather than an effect fom
oceupatienal sxposure (Ex. M-~106 p.

4a1). .

Stille and Tadershaw also separntaly
anslyzed the morality of the wlc
workers with 3 ustory of any wark
experience before employment at the
stady mine and mill. This pnoe work
experience included all previous jobs.
not only fads at other taic mines and
milis. For thus subcahart of K0 white
males. mortality from the {ollowing
causes of desth was sigmificandy
alevated: all cancers (SMR = 182), liver
cancer (SMR & 1013}, respirstory system
aneer (SMR = 138), lymphopauetic
cancer (SMR = 374), gnd nes-malignant
mmtm disenses (SMR«307). Sullg

Tabershaw stated: “Sincs the
canecars end lung disesses typically heve
long latencies. the nwbiliz.uim that
axposures prior 10 work at the TMX

mine and nill wery responsible
for ot inast same of these disenses™ (Ix
$4=190. p. €12},

When the menality of the subeohert
with a0 werk experignce pnior 10
employment at the study mine end mill
was anslyzed. ne causes of death were
{n exenss. in fact. the SMR for sil causes
waes significsntly decressed (SMR @ 30).
As weuld b: expacted. this cahort was
lcacnlly yeunger than the cohort which

ad previous work expenence. Stille
and Tabersnaw charecienized these
findings as {ollows: (1] “Werkers with
‘exclugive’ TMX {study mine and mill)
employmens seem 10 be ot no
considerabie risk of having lung cancer
develop” and {2} “sxpesures st TMX
saem 1o be noncarcmnogeaic” (Ex. b=
198, p. 483}

Brown. Besumont. Demsat of
NIOSH commented da Stille and
Tabershaw's study (Ex. 4218 9. 178
Ex. 84-231), listmg seversl prebiems in
the ansiysis by Siille end-Tabershaw
that couid aceasnt for the €ilferent
conclusions of the twe sets of
tnvestigators. Firgr, $iidle aad
Tabershaw {siled t0 analyse mertslity
by length of {ollescup lateney interval).
Beown ¢t al. thaugiut such aa nnulysis
wae particularly impoetant given that
recantiy hired werhers were allowed 0
enter the cohort as lule as one yesr

befere the study cut-ofl date for vital
statug determination.

_Second. Brawn et sl. commentied that
$'1la and Tabcrsnaw s division of the
study group into subcshors with end
withou! woek expenence pnor to thew
employment et the study facility
resulted in "seiection bigses 1nnerent in
the definition of the subcohorts” (Fx. b
218. p. 179). The selection bisses which
tanded to lessen 1he statistical power of
the subcohort without previous wark
expenence included the shont length of
follow-yp. shart durations of exposure.
and small size of the subcohort. Brown
et al. siated: “Any mortality analyss
based on such & small cohart with
genersliy short latency is not likely to be
very informative” (Ex. $4=210. p. 179).

rd. Brewn ot ol cntcized Stille
end Tebershaw's analysas soncerning
the duratien of empicyment of the lung
cancer cases. These snalyses examined
the obsarved lung cancet desths without
cslculating the expected aumbar of
deaths for each latency catsgory and
duration of employment cat . ln
addition, Brawa et ol painted eut that
Siille and Tabershaw's conciusions had
aot sdequately acknowiedged that many
study facility workar: had been
employed by neighboring taic
companies with exposures similas to
thooe of the study faality.

Breorn of al. eenciuded that Stille end
Tabershaw's repert did not adequately
sddrecs tie quesuon of incrsased lung
cancar fisk from woeking at the study
{acility. [n addition to the paints
discusead above. NIOSH slso
commented thet death cerulicates
sheuld have heen coded 2 te
the rules of the ICDA  effect at the
time of death and then converted to
sither the 7th or §t* ~svision of the ICDA
for analysis. tathar than coding the
deaths directly to the 8th revision.
NIOSH also had Quastions concerning
the $3 workers elimingtad from the
cohort and how werkers lost te follow-
wp werg traated in the analysis.

Tabershaw end Thampson respended
ta the NIOSH ex.tique with the foilowing
camments (Ex. M4=218). First, they cited
mineral scientivis and laboratones who
disagreed with NIOSH's mathod of
identifying asbestog in silicate mineral
mixtures and who did not find
ugnuficant asbastes cancentrations in
tha tale processed at the mine snd mull.
Socond. they siated that taic oce 8t the
study feciiity was not similar to that of
sther tale mines of upstate New Yark.
Third, Tabarshaw and Thomason
reiterated that many of the lung cancer
desths occurred in short-term workers

employed lor lass than one yeas. ln theie
apuniun. this lessened the likeishood of
\be lung cancers being sttnbutabie to

sceypational pxnorure ot the siudy
plant. Tebershaw snd Thompson siso
powntted out that only one taic miller
deveioped lung cancer. deapite the
histancally higher expesures of tale
millers. In conclunon. Tabershaw end
Thompson steted that apphication of the
asbestos standard (6 the Vandertilt
work{occe was unwarranted based 12
Current evidence.

OS1A calculated a statistical power
of 20% to detect a 0% increase i nsk of
lung caneer in Stille and Tabershaw's
tubcohert of worken with no previous
work expenance. (See Ex. $4~33¢ for s
description of how OSI4A calculated
statistical power.] OSHA connders that
this very low statistics! pewar supports
NIOSI{'s enuci.m of the sensitivity of
§tille and Tabershaw's siudy design.
The statistical power weuld have been
eves lawer if it had been caicuisted for
the group of workers with a¢ least 20
ysars of latency.

As discussed earlier. cross-cohont
campanson may be problematc if the
age distributions, durstions of exposure.
and langths of follow-up differ among
the cohons being compsred. OSHA
believes that this appears to be the case
with TOMA's camparisen of the
subgoherts with sad wildisut previous
werk expariencs.

Saversl poiats are netable with regard
te the quastien of the short-term
wertkers whe develeped lung cancer.
Firse. short duzations of exposure may
result in high cumulative doses
depending upon the intensity of the
expasure. Second. the phenomencn of
short.term ssbestos exposure end
subsequent disease bae been chserved
in other epidemiolegic studies. Theed. Jf
the majonity of g n.years-st-nisk  °
were contnbuted by short-term workers.
thea finding most of e lung cancer
deaths among these workers would aet
be unusual. Alsc, Tabershaw and
Thampsen did net discuss the expected
aumber of lung cancer deaths when they
mentoned (he singie lung cancer death
among the etudy facility taic muilers.

1n 1983, Consultants in Epidersiclogy
and Occupations! Hesith (CEQOH)
Prepared snother analysis of the
mortality of Stille and Tabershaw’s
study cohort {Ex. $4=257). NIOSH
reviewed CEQH's anaiysis and stated:

“Although the findings of these
snglyses appasr to support thewr
ICEOL{'s} hvpathess that the taic is
asa-carenogenic. the resulung
statistics! enalyses are based on
ssgumptians. small numbers. snd shot
lateacy. Tharsfare. the CEOH
conciusions are based on analyses that
sre inherently deficient 1 being ayie lo
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detect & Une sk 1t 40 exposed
popuiution” (Ex =378 . 1)

Sauth. Hubert Sobel. sad Myrquet
{Ex. 85~134] studied health effects of lele
containing $sDesias 1 whotstary
snimaels. Smith ot el afnustered
intrapieurs! injecucns §f ¢ difTerent
wemobitie subsiances idlo humaters.
including fibraus tremaolitic tale from
New York siale. tremolile propared from
wemolitic tale are of the {agility studied
by NIOSM. Uuremoiite prepared from
western UL tremobitic tuic ore. and
asbestiform remalite. Periods of
observation ranged {rors 350 days lo 600
days siter njecuon. Tumnoss sad pleursl
Rbtosis were obssved oniy in animails
mjected with asbestiform tremolite and
tremolits prepared from westers US.
remolitic taic ore. Saith ot al fouad
that the sumples of ashestiform
temolits had greater proportions of long
thin fibery than the sample of remelite
from the fecslity studied by NIOSIL |

The sampie of fibrows tedolitic tle
fram New York state aiso sontained
long thir: {ihess end Sanith at al.
sugesisd that the negative reaults from
this particular sample were due to its
much [awer tremoiite content relstiue to
the carcinozenic samples. Snith et al

_suggestod that the eample of Temolite
from the lacility studied by NIOSH may
have lalled 0 induce tumors beesuse of
the shorter length of its Gders, despite
its high ramaiite eantent. Comerenting
o4 thair resuits and on the fact that the
carcinoganic samples contained
material sther than tremslite. Sanith ot
al. stated:

o0 wy eannot be sure 2.4t their
setivity B dur waulle or gven i part 1o
temolite * * ° conmeerdLinn Mmust Be ghen,
a8t ;v iy 18 the ameua: of emalise. but
olso tw cther (acters. such us the marpheleg:e
e”h:’r‘umua of e mineral’ (Ex SamiS6. B

OSHA consideny that (nterprawation of
Smith et al.'s findings is limvied by the
smail rumber of snimais studied. shart
survival times. and short penods of
sheervation.

In summary. OSHA concludes that
NIOSH studies have shewn that
sxposure (0 ashesthe whan it is present
{n talc sppears w have resuited in
excess mertality (rem lung ssr.cet and
aoa-malignant respivatary disease and

lung functien
cagnizant of the (act that Wic mining
and milling i the sbeencs of asbestos
expasuse ean resull in LT
Furthermore. NIQSITs findings on
mortality ure consisteat with thoss of
Kleinfuld st al. Xivilaeto ¢t
Nurminen ot al. and Yaticoon
FIOSH's mutlidity flindiags are

stal
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congistent with thase of sumeroys other
studies. QSI{A belteves tnyt the
epidemioiogic study of the ldlc company
conducted by Suile and Teborthuw of
Tabershaw Qccupstionul Mrdiaine
Ass0ciaies hus serous limutntions such
that 1t does not refute the hypathests
that tale contuiming asbestos poses &
lung cancer hazard ta exposed workers.
Smuth et sl's experimental study
observed positive findings of
tumongenicity for asbestiform tale and
asa-pasitive lindings far the tale {rom
the {acility srudied by NIOSH. however,
QSHA thinks t:at limitacicas of Smith ot
al.'s study resder its findings
incanciusive for 1alc from the facility
studied by NIOSH. In any evenL the .
positive bumas findings eutwaigh the
pon-positive animal findings. Talea
esntaining 1sbes’os muaerals. therelomm.
appeat ts pose ¢ sigruficant heaith risk
10 axposed workers. and talc wockers
apored W asbestos sheuld recuive the
protection aflurded by the sshesios
standard OSHA notes that the broader
issue ¢2 te which minersi fibers ars o
be inciuded in the definition of asbestos
will be part of the rulamaking foc the
nermanent standard. This ETS actien
does not change the definition of
sshestas as fouad in 193022001,

& Summary. The endence ly
before the Agency iadicstes tat all
asbestas fibec types. excapt for
sathophyilite, cause lung cancer,
mesathelioma. and ssbestosis.
Anthophy!'lits canses luag cascer sad
asbestosis. Merethelioma hus not deen
nrnu ia antaophyiiite werkers, .

or lung cancer. GSHA netes that
inconsistent and (ncanclusive findings
with regard to differentai risk by fiber
type Rave baen observed by differemt °
{nvestigsiess. Seme stucies bave
observed the same o¢ hughet iung cancar
nsk in :hnuulz"‘,mkm campared 10
wotkars exposad te amphiocle fibers:
ather studies abtesve lower risi of lung
cancer in chrysotile werlers. For
axsmple, high *espirstory canese risk
was observed by Dement and colisaguas
ameng chrysatile textle workars. As
discussed by CHAP, canawstent pattems
of highee luag cancer risk by fiker type
did nat emarge. \With tome eacrptions,
nvestigatoes generally fuiled to contral
for vanabics wlfucting lung cancer risk
when companag the mortstity of
diffarent scsupauenal cohorts. Among
the fmportsnt detorzunants of lung
cancer nah. which ware nat consiswently
esmtrulled for, are fibet cuncenuation.
fungth of suservalica, and age
dutribution. ,
OS1H{A views evidence foe differontint
mesathelioma nsk by fiber 1ype ¥a
. suggmslive yot aot cuaclusive,
, Octupatiunai cohorts eaposed o

erocidglile and 3mosite sppesr 10 huve
had & hogher proporuun o deatns from
mesotheioma. particulurly peritoneai
mesotheiioms. campared 1o
sccupational cohorts exposed (o
ehryssule. Nonetheless, OSHA s uaubic
10 characieniss this gvidunce as -
canciusive becsuse mest ivesugators
fuiled to esatrol for Lber concantrution.
length of observation. and age
distnbution when making cross-cohort
comparisons of moctslity from
mesothelioms. Controlling for iength of
observation is particularly unportant
becsuse mesothclioma usuxily hus 2
latency period of 30 years or more and
the risk rises expenentieily with
Increasiag hme sincs inital exposure.
. Lung cuncar is the major cause of
asbestos-induced occupational
moriality. Masothelioms end asbes:osis
siso are signtficant cavsas of excess
noctolity among ssbestos workers.
OSHA has conciuded that there 15 &
grave nsk {or lung cancer sed asbestocis
smong workery exposed (o ail asbesios
fiber typet and that warkery need 1o be
preteciud from these risks by this ETS.
wihich sets the lowest PEL that is
feansbls ut this time. As & practical
reguistory endpeint, therefyre, it is
hcnu?tntul whaether the
mesothelioms risk ie greater for certain
ber types than for ethee types.

swdies of animals have
femw thrysotils is as least a3
potent ¢ carcinogen as other asbestos
fiber types. One study found that
ehrysatile was more carcinogenic than
sther ashestas fibers when sdministered
by inhglation. Many experimental
studies have repertad that fibes
dunensias is & verv important
determinant of carvinogenicity
labioraicry animals. 'ibers lengar than 4
micromatera {um) and with dismetees of
1.5 um or lass have been implicated as
the most carciaggenie fibers. A variety
of dilferont aaturssl and synthetic
subsitances having fibers longer than 4
wm with widihs of 1.3 um or loss have
induced eancery vis implantation (8
{abatatery srumais. suggesnng that the
chemics! a8 of 43083108 [such as
fiber c;'pc) snd non-asbesios fibers muy
not affect careincgenicity ut that fiber
dimensions ey determung
carcinogcaicaty. Thus. in OSHA's view,
snimal stydies do nat support the
Rypethesis that thare ere differcnces in
carcinoganic potoncy amang the vesious
fiber types.

Fibee types may differ with regard to
the finuness of fucrs used in ingusiniil
procasses. Fiaer [ibers mey be more
carcinegonic. sccording to arumal
studies. and croc:dolite uppentes to be
divided meoes readily iate ne fibcry
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than other asbestes fiber types. Alsa.
manulactunng proceascs mdy beeak
fibers apart to generate fiders thinner in
diameter thaa those found in the muning
and miling processe

NIQOSH scrantists {Fown. Dement,
and Wagoner} observid excessive
mantslity from lung cancer aad aca-
malighant respiratocy disesse amang
workers in one plant exposed to tale
contaimng asdestos. A merdidity survey
of the seme plant found increased sk of
pleurs! thickemng and lung function
decrements. NIOSH conciuded that
increased risk of lung cancer &4 noa.
maiignant respirstory diseese was
apparest in workers exposed to tsic
contining ashestas. Klgiafeid and
colleagues slao ebservad excess lung
cancer and respiratory disease morality
smeng workers expaséd to wle
eantaining asbestos. and numerens
marbidity surveys bave documented

respirstory dissase excatses among tale
miners and millers cxposed to asbestes.
Stille and Tabarshaw conducted a study
which they interpreted a3 conradicting
NIOSH's findings regarding excestive
mortslily ameng talc workers axposed
1o asbsesios. Stille sad Tabershaw's
study had setious methodelogie ™
limitations such that NIOGi{'s
conclusians still appesr to be valid
While net sll taic products contais
asbesios. OSHA finds that when
asdestos minersis are contuined in tale
products. thers appesrs 1o be s bealth
tiak t¢ axpased workess,

Practical edministrative
seasiderstions also s pertinent te the
guestion of making regulatory
distinctions by fiber type. Seversl types
of asLesics Mmay 52 > “esent in e same
workplacs, 83 is the case {or insulation,
eresting considerable measurement
difficulties. Determuning ssbestos type(s)
-mhul: esch vn?‘ripuu sught complicats
camplisnce and exposure moni .
Howsever, OSHA 13 sware that ‘:.h'
United Kingdom has besn able ts
evercome such complicancas,

s summary. OSHA conciydes that en
the bass of 1he cpvdemisiogic and
experimental studies reviswed above, it
is not sppropnate at ‘his time ts make
distinauons by (LG type for reguiatery
pusposes. Accordingly. quantitative
aaslyses of nsk sheuid base estimates
of excess risk on asbestos ibers as s
wiole tather thun on separate fiber
types. Provisuss of OS1{A's standard for
asbestos. inciuding e permissible
expesure limit, sixid also be the same
for sll cummericaily uscd ssbestes fiber
types.

F. Conclusins

Asbestos puset & grave dunter 1o the
health of expused wachers, haviag

e
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taused excessmerality end dusability
n eprdemic proporuons ameong sorne
grvups of exposcd morhers. Asbesias
Causes non-malignant respiratory ,
disease. which can result in compiete
disadility ahd death. Asbestos siso
causes malignant mesotheiioma. which
is usually rapidly fatal. and Jung cancer.
which i3 usually fatal. The caygal
relaticnship botwesn asbesios exposure
and disease has been established by 2
muititude of eprdesuaiogic studiss
conducted throughout the warid.
{ncluding the United States, United
Kingdom, Canade. Australia. ltaly. sad
Finland. Furthermore, asdestos has beea
shown to cause excess disesse in Mmany
different occupations! environments,
starung with auniag end milling of
asbestos and sontin te cause
dissass in various man{actuing
processas such 8s asbestos texule
production and asbestos cament
production. Asbestos siso has been
shown o be sxenely hazsrdous when
used a8 ¢ product by insulation workers
and shipbuiiding weriers. Numerous
scientific organizations sad sgencies
have reviewed the heaith data for
ssbetios and have concinded that
asbestos exposurs caytes [ung cancse
sasethelioms, and asbestasis.

To determine the petantial of a
hazardous agent ie cause disease at low
expasures. OSHA has azamined the
reovits of studies of workars receiving
low expesures. where tuch studies are
available and have sufficient sensitivity
to detect excess risk of disease. OSHA
has alse attemptied to predict risk at lew
expesures {tom risk ebserved at high
sxposures by using dess=extrapoiation
modaeis (see sacticn V). Both of these
methods of evaluaing risk at low

ures ere velid
tudies are o’ -vaiiable of warkers

exposed solely tg asbestos (eveis of 2/
cc which have sullicient cohort size and
long ensugh {ollow-up periods (o permit
sbearvatien of incozases in caneet and
lung diseass moreality. Studies sre
available of werkiary with low
cumulative exporures 10 agbestos.
heowever. Workers exposed 50 yeurs to
the OSHA PEL of 2 {/cs would have &
cuatuistive exposure of 100 f/oc-years.
Hencs. studics of workers with
tumulative expesures ciose (o or Lelow
109 {/ce-years provide some evidencs of
risk from working lifetime exposures 10
OSHA's PEL Studies finding sdverse
puimensry sllecis or exceasive mertality
fram lung disesse from exposure cisse
10 or below 100 {/ce-yesrs were
conducied by Derry ot sl McDonaid at
al. Dement et ol Barry and Newhguse,
and Finkalatain. Dement et ale
Finkeistein. and tlenderson and .
. Ealeriioe slea abserved excess marulily

i

from lung cancer smong warkers
recaiing reletively low cumulauve
sxposurts. Werll &1 &l and MeDonaid ot
al did not observe increasad lung
cascer montality among workers
tecnving relstively low cumyiguve
exposures. Despite some incansisiencics
in findings regarding mak {rom 1ow
cumulative sxposures, OSHA considers
that the many weil-conducted studies
which obeerved substantally increased
risk of macbidity and mortality ameng
workers receiving low cumulstive
exposiTes are evidencs of significant
hazard at exposures allowed by the
edsting PEL. Section V. Quanuretive
Risk Analysis. will discuss predicted
risk [rom expasure to OSHA's PEL.

A sumber of investigatars have
sugnested that difTerent fiber types of
asbestos have differeaces tn their adility
5 induce mesotheiioma. Specifically.
crocidolite has been Aypothesized (o be
the mest hazardous type of asbestos
because of suggestive evidesce that
[ndicates that the masethelioms ntk
03y be higher for crocidolits expesure
than for ether asbeston typas. All
commercially vsed Sbas types have
{nduced lung cancer. mesothelioma. and
asbestosis in exposed wurkers. except
for antbophyilite. which has induced
lung eancer and asbestosis. OSHA
fegords evidence for dilferentials by
fiber type in lung cancer risk and
asbestosis risk as being incanclustve
and inconsisient. However, evidence for
fiber typs dillsrentiale in nek with
tegard !e inducuon of mesathelioma.
particularly peritenesl mesothelioma.
sppearn te be mare cansistent, besed on
epidamiclogic studies of accupational
cohorts expesad 1o ¢iffrrent fiber types.
Bacause variables that allect the
sensitivity of studias for detection of
risk of mesatheliome have aot been
cosrolled for by mast investigators
comparing dillerent ecgupstionsi
cshoews. OSHA views the enidence {or
fiber type differentials (n mesothelioma
risk as inconclusive. Among e
variables that influenca the appesrance
of mesothelicma ere leagth of
observation, duration of exposure, f{iber
cancsntrstion, iad age disthoytion.

It is possible 1bat meschelioma nsk
may Le higher from exposure to {iner
fibers. and that operations using
crecidolite may tend 10 bresk fibere
spart 1o make thers more carcinogenic.
Studies in labocztory sumals have net
consisiently sbeerved dilferential nak
by (iber type with regard to induction of
puimanary fibrosis snd cancers: in fact.

some studiss 18 animals have found
chrysetile to be the most carainogenic
amang the venious asbestos fibers
lestad.
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Lury ~ancer is the mawe rnuse of
4SDEMlOs-axtrCra o] GCPUNLLIAn.i
mortality. The very drgh nsk of luny
cancer from exposure (@ all yabestos
{ et types supports tng the same
PR for all fiber hpes.

. Severs! eprdcmclope studies,

aciue.ng one performad by NIOSIL
have lound thut workers exposcd to tale
conteining nabestos have axcuss
mortelity rom lung cancer and aun-
maligant respueiory disease. Magy
other studics huve observed excess
morbidity from respiratory discasa;
chest X-ray sbnormalilies. and lung
funetion decrements among such
warhers. One agn-passtive study
conducied by Stille and Tubershaw of
taic workers hus mathodsiogic
lisutstions such that it does not refuts
studias finding excess mortylity emang
workers exposed (0 lalc contduning
sabestes.

A number of studics ia laboratory
wumais have impiicsied long thin
asbestos fibers i the stiology of cancer
and lung fibrosis. Stanton et sl found
that fibers grestcr than ¢ um in length
and 1.3 um or less In diametur were the
most carcinogenic: hawever. QSHA
believes that Stanton et &l.'s studies do
not exclyde the possibility of
carcinogenicity of fibers shorter or
thicker than these dimensions.

At least 12 stadies have obsctved
excass mortality {rom gastrointestiaul
cancer (stomach. ssaptagus. colon and
rectum] amoag ashestos exposed
werkers, 7 of which found stattsticaily
significant excestes Other cancer sites
have glse been observed to be increased
by differc:t invesiigators OSHA
believes that the pasitive hutaen swudies
finding gastruintestinal cancer excesses
outweigh the non-pasitive and equivocul
animal studics of ingested ssbestns. a8
weil 22 the nen-gosity o human studies.
Therefors. QSHA concludes tust excess
mor ity from gestsiatestunsl cuncer
shouid be insluded in quantitative risk
antaly ses for ashesion

Cignrette smoke and asbesios have s
multiplicative {nndegistic) elfest with
regard o producuan of lung cancer.
Asbestcsis aiso might be incressed in
cigerette smoking ssbestes werkars

relative t9 non-smaking sshestos
workers OSHA is aet sware of any
evidence {ue sn offest of sigareite
smaking en inductien of mesatheliomas
or gastrcintestinal amlignancies argnny
ashresing workers. Hammond et ab.
{imtnd that bath smobung and none
amyhing abesius insulsinm workers
nad retative risks for lung cndrr of
shuaat & B

V. Quantitatis ¢ Risk Anslynis
A luinnduction

As saplained sbove OSHA's
determiaation that currensty eyposed
workers face 3 greve risb of wshestos.
reloted discase s primaniiy hased on the
results of quanntative rish asscssment
performed Ly the Agency. The process
of assusuing the risk (rum asbestos
exposure includes severel staps. OSHA
has cnticelly evalusted the scientfic
svidence concermung the health nsk frum
asbustos sxposure. OSi{A. as weil a3
sther scientific groups. believes that
asbesics exposure causes lung disease.
respuutory cancar. mesoinclioms, snd
gastrointesunal cancer. CSHA has aiso
examned (and discussed ia the section
entiled Egidemuciogic Evidence on Risgk
from Exposures et Current the PEL
Section 1V B.] evidence that indicates
that excess diseasa risk has baen
observed 8t curauistive expasures st of
belaw thase permitied by the axisting
OSHA & hour permisaible exposure
hait. in sddition. OSI{A has mads risk
estimates of exceas mortailty from lung
cancer. metothell ‘ma. gasrontesunael
canesr and incidence of asbestonis vuing
msthematical models that dsscibie the
date obssrved in epidemiologic studies

* conducted in various industnal
- papulstions.

- - ln meny cases the slevated risks seen

in worker populations reflect past
expasures thst were hizher then thoss
perm:tied today. OSHA's quantitative
risk asscesmment entails using the
direcily observed risks from these past
exposures to estimate risk at lower
sxposure ieveis. OSHA believes thisis s
scientifically ap; * :pnate 4nd valid
proccdurs. In some wistances. OSHA
estimated tisks using studies which
sctually obsesveerisks at or below
cumulstive exposures permicted by the
current standard, Ths range of studies
sgvere many different wotk situaticas
and exposurs (evsis upon which 18 base
the eatrupoistions. Where passible.
OSHA has quantifivg the runges of
unegriainties (a the estimates. These
numencul estimstes. s1 well as thore
sishs obsurved st iaw axpasures. were
evaluatod W determine the sigmfiicance

+ of the risk and L@ determine whether the
stsadan will leed 0 & substaatal
raduction w ask.

The squtions beiow prvide ¢ beief
synognis of OSHIA's quanutitive nsk
estimaies Jertved {rom muthematieal
maxlivls. A more detailed deserigtion of
QSHIA'S caliulations (ae ashesings
relutid caneres s in the public dorka

* and i gvuilnble upon requent (Fx. Me
me).

8. Dove-Ncspunse Model fur Lune
Cuncur

Dose-reaponse informetion for luny
cuncer based on the epdumioiogical
stuches ndicatcs that the ek of
deyestasndused lung cancer incrousgs
hineurly with duse. Therefore. QSTHIA
believes it 18 apProprate W0 use s
mythamutical mudet which sssumes that
the excsss nak 18 lincarly propartional
12 dosw (o esumate the excnss mortahity
which s associated wath ssbestos
exposuce. This excess nsk is expressed
as the number of edditionsl lune cancer
deaths per 1000 workers evposed (or
spacific ume period. Excess nisk equals
the cumulative dose maitupiied 3y a
potency coefficient (slupe of the done-
response curve) esumated from the
studias. (Note: Totsl dose. also roferred
10 a3 cumulative exposure or cumuiative
dose. is & measure of the amount of
asbestes inhaled: it is the product of the
duretien of expasure (i vears) and the
intenmity of exposure (which i
werkplace air toncentration in mppe! or
fibers/ce). Under this deflnition of
eXpOsUrE. & person expased 1o sirhome
asbestos st 2 fibers/cc for 20 years (40
{ibers/cc-yesrs) bas the same total dose
as 8 peraon who is exposed to sshestos
at 4 {ibers/ce for 10 ysary (40 fibers/ce.

years)}.

Eviderce of the linear dose-response
relationship for lung canest is found 1
scversl mB—u«ducw pdesusiogic
studies that examined lung cancar
mortality in relation ta the cunulative
asbestos in the workplace (far
exampia. Hondarson and Enteriine. 1970,
Ex. 84=i8: Liddell ot al. 1977, Eo. §4=88:
and Doment ot ol 1982 Ex. 8438} [n
the three studies cited sbove. workplace
asbasios atr concentonlions were
svaisbla from messuraments made in
the worksite studicd. Although the
studies differ 1n the magrutude of the
nsk {ound (discussed later in the
section), all three demonstrate 8 lingac
relationiship sver the entre range of
sbeervation.

Other scaantists and sctennfic groups
who have sitampted 10 ssumate nsk
from ssbasios exposure heve used the
linaar model for lung cancer (Crump. Ex.
8322 British Advisory Cammuttee on
AsLestos. Ex. 84=216. Achesen and
Gardnar, Ex. 84-243. Seliboff Ex. 82-2.
EPA. Ex. 86=180. CHAP. Ex. $4=250). The
modul is genersily sccented and OSHA
belicves use of the {inear model for
pradicung lung cancer due to nsbestos
exposuse i reasenable and well.
supporied.

Rolative risk is defined as the rntiv of
the mortality rate of exponed prrsuns o
the mortality rate of equivalent son.

Jot7%:

DUP 0907282

DU 028353




Federal Register |/ Vol. «8. Ng. 218 / Fridav. Novembur 4. 1983 / Rules and Regulitiang

exposed persons. Relative nsk is
frequanily approximated by the
stancardized moctality rauie (SMRI,
which i the observed number of daaths
in the exposed papulagen divided by
the number of deatle Lpat would be

[}

§11a3

e et

expected in the exposcd populstion. The
number of expected deaths 18 usuaily
denved from the tpecific age. sex. snd
calendsr year morialiy tates in the
companson populution.

Basod upan the cennidersnions 1sied
sbove and on the 818, the relqune risk
mode! used by OSHA i essesuing ne
nsk of deveioping tung cancer from
asbesics exposure s deserined by the
follawing equation:

Rosa (Ve xtxa, 4)f (EQ.1)

That 18,
(R‘.Mtlcl cK s fse, s (Eq. 2)

where ‘L 13 the lung csacer soetality reguiting from the sssestos
e0oture, Ry 5 the expectee sortaltly 'n the aosence of ezodture,
f 18 the iIntensity of esposure 1n f10er3/cC, @ i3 the Guration of
e1poture 1 years, t {3 the Lime from thg ongat of The asoestas
expasure 1A years (Bines (G yeers 0 dliow far & snimem atent
5erioe) 4ne K, 13 G Preportionaiity ConStIAT thAt 18 4 measure

of the carcinogenic .pouacy of tne asdestas esposure (tlese of tne
‘ sose-respaase curve;. (For 4 mgre cetailed rationsie for the chotce
of tR1s oogel, see Ex. B4-302). Tals calculation was performes for
0ch fivgeyeer age Intarvel; the oversil lung Cancar Figx 18 CAGm

CoRputes 18 NG tus of the ritks A @aCh of tAs flvesyeer intervels

frem age 23 5 4dge 70.

The cuneapt of direct proportionslily
of the nsk of fuas canve. 0 the dese can
be demoan:irated with & s:mple example.
Using Equstion 2. if does 15 incressed by
o factor of theee, such a8 incressing the
duration of expasurs {rom two years to
wix yesrs. the excess relative risk {{Re/
Re)= 1] nok incresses by & {actor of
three. Alse. reduting dote by reducing
sit concentrations. such as fram ¢ fibar/
ec o 1 fiber/ce reduces the excesy
relative nsk by o f4ctor of [owr. (it
should be noted that the esumates of
risk given in Tables 10 404 11 are
estimates of vacess nak Aot excess
relstuve tiul.:"bmhn. dirget

descrilnd sbwve mey not be sbeerved.

Further explapstion 8 given ia Section

L}

C. Dene-Rexponse Aok fur

Mesothehoma .
O811A beheves that the nink of

mesotheliuiua is bust csunwiyd by un

shealute nek medel Absolute risk is
calzulated as {observe . deaths/person-
years ot risk). Use of SMR's or reiative
fisk is not sppropriste for mesathelioms
because the expected number of desths
it o cohort weuld be close to ers due to
the rarity of the disesse. la addition 10
using absclute risk ruther then relative
risk. this medel is different frem that
used for lung cancer becsuse both
durstica of ume staee (nitial expesure
and duration of exposure are
determinative risk. The magnitode of the,,
risk tncreases linestly with intensity of
. wheteas the risk increases

exponsntially with durstien of expesure
angd timw {rem enset of expossre.

The rationale {oc such & medel {or
descriliing mesothelioms risk Bss been
discussed by severul authars (Arsulage

_ and DolL7068. Ex. 04-25% Pike 1904, Ex.

$4=388}. Such & model was utlized by
Newhous und Berry (1978 Ex. 04n342)
i predicling mesoiheiioma mortality

e e

amang g cohort of {actory workers in
Engiand. Limited deta =re slso avatiable
from three studies en the dose-regponse
relaticnship for mesethelioma (Seidman
ot sl 1976, Ex. §4=47: Habbs. et ai. 1980,
Ex. 132 end fones et al. 1960, Ex. 84~
138).

The data indicste that mertality frem
nesothelioms begins to increase only
shiar @ muumunm of ten years following
the witial expesure and begins to
decrsase after ¢S years rom onset of
exposure (Selikolf et al. 1978, Ex. 84=20
snd Nichoison et al. 1883 Ex, M=2351).
The mortahty from mesothelioma can be
daseribed by tha followwog equations
(Equauons 3). ’
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ware My 1t the eartaiity from sasatmeliisms, f fy the tAtensity

of erpmure th 110€r8/C8, 6 % the Guration of erpesure in yesrs, ¢

is twvam ofter  fiest

prepertionality constant that

180sure

th yeers, 4 K '3 the

1% 4 eetsere of the atsutneliions

carcinegenic potency (slose of & sese-ressense curve) ([a. 842392).

D. OSHA's Quanutative Risk
Assescment

OSHA's critical evalustion of all
relavent animal snd epidemiolegical
studias resuited in seiection of elaven
epidemioiogical studies (or calculution
of the K for lung:mur {Selikol! ot .
1070, Ex. 9440 Seidman ot al. 1970, Ex.
$4=47: Henderson and Eatecling. 1978,
Ex, 84=4& Weill of al. 1979, Ex. 84-20G
Finkelstein 1983, Ex. 84=240: Poate. 1980.
X, 34-10% Dement of al. 1962, Ex. 84=
33: Berry and Newhouse. 1983, Ex. 8421
Liddell st al. 1977, Ex. 84=43: Nichoison
ot gl 1978, Ex. 3472 and Rubino et ai.
1979, Ex. 04=38} and four for Ky for
mesatkeliome (Sehikoff ot al.. 1979, Ex.
84-80: Seidman o sl. 1978, Ex. 54-87;
Finkeistain st al. 1983, Ex, $4=240; and
Peto. 1960, Ex. 84=1891. Ia general.
studias of humman cohorts \n the
workplece shauld provide a better bssis
for quanutsuve nsk populations at nsk
and the populations {rom which the nisk
estimates are denved. In detormining
the potency coefficients K, and Ke.
Equations 1 8ad ) were used 10 define
the dose-respense relationship se that
cancer martafily was esumated for
various exposure levels and exposure
du;n‘\‘;:nhn. A ;mmbn‘ of -nll-enndu:ud
and high quality epidemioiogic studice
waere sveilabia that eentsineduufTicient
information oa which te base 8
quantitative risk assessmeat. Some of
these studies did aet contuin exposure
date. bul could be coupled with
expasure inloemation feom ather savrces
in order to sbtaie an esumate of K, and

Ke .

QSI{A chese net (9 sse animal studies
to prodict quantitative estimutes of riek
[rom asbestos exposure due to the muny
high quality Auman studies that exist
that were eonductod in actuui  *
wurhplace situations. Ruther OFHA hus

supplementad the human date with
resuits {om animal studies in the
eveluation of the hesith information and
in the determingtion of the significanes
of risk becsuse OSHA believes that the
stumal studies provade valuable
Qualitative (nformation an asbestos.
related dissase. [t i3 not cicar in all
instsnces whether laborstory srumals
bave bean exposed to fiber nze
distributions similar te (hose found in
werkplaces. (n sddition, asbestas
appesrs (o multiply the underlying lung
cancer risk of ameking and nonsmoking
workers: laboratory animals generaily
do not have any undariying risk for
develaping lung cancar. However, the
saimal studies do show that el}
commercial sabesies types can cause
cancer snd puimonary fibrosis. Animal
studies alse indicate that longer, thinner
fibers may bave greater csrcinogenic
potency than short coarss libers.

The range of estimates of risk from the
eleven epidemiciogie stiud:ias is rather
largs. The difforences in resulis among
the studies can be explained in several
ways. Thare appears 10 be sctual
differences in nsk depending upen the
nature of the asbestos exposurs. One
patential explanation is that workplaces
differ with regerd to fiber size
distnbstioas (longer aer libers appase
te have greatar carmrncgenic potential
than the caarse fibers) The observed K¢
valugs for stucies of mining and milling
operations, where sirborne {idars are
reistively coarse, are lower than the K,
values found in studies of texule
opstations where {ibers are fine.

DidTerences may aisa be expiained by
1he vanations in study gexign and other
factors influsncing the ability to detect
excess risks. Ong of these 1o the imited
knowicdys of past fiber expasures of
thoss pupulstions whose mortulity was

-

{atar evylusted. Prior 10 1970, few
measycements were made 1n (sailities
using eabestos ibers. Further, those
meusurements that were dane usyuily
quanufied all dust present in the
workpluce sir and not just fibers. :
Current techmiques. which aveive use of
membrane flters and phase contras:
microscopy foe the counting of fibers
longer thaa five micrometers hsve been
vtilized in Great Britsin and the United
States only sisce 1904 (Ayer of gl. 1963,
Ex. 84~253:) and heve been standardized
in thy United Siates only since 1972
(Laidel. 1979, Ex. 84-82) tad even later
(8 Great Batan. (8 any cass. sampling
has occurred only for few worksites and
then only eccasionslly. OSHA has
cvaluated these difTerences and have
dealt with thair implications on g study
by study basis. as explained in the
quantitalive risk sesetament (Ex. 4=
382). OSHA notes that despite these
apparent limitations. taken as & whole.
the asbestos studies contein dats of
unusually high quality which has
gul:hd OSl*-!uA m‘ 3&: the m‘k
4196 with & high degree o
canfldencs.

{n eddition. verisbility in work
activities and in sampling circumstances
add consideryble unceruunry to
imowledge of dose.

Some of the nr.kauulqi: studies.
including these by Dement et al, (Ex. 34=
351, McDonald ot al. (Ex. 84=43). end
Hendetson sad Enteriine (Ex, 84-48),
heve measured air concentrauans at the
exposure sits and vead job histones of
the study populstien to estimate
sxpesure. in these ensas the dose-
response curve wes calculsted by
sstimating lots! ashestos exposure {in
mppel-years ot in fiber/ceryeare)
sceording te the time that an individusl
spent gt a {ob with & messured exposure
value. A conversion fscior for
canvertng {rom mppcl to {/cc was
emplioyed on & study by study besis

ding vpen Uhe data avaradie.
Other spidemiological studies. for
examplie those by Selikofl ¢t al. (Ex 8=
90). and Seidman at aL (Ex. 4871 had
nether job histories noe direst 1ndustnal
Jygiens messuremonts for the studied
worksr populatisa. For these studies,
exposure tatimates were denived from
industrial hygiene surveys of umilar
work spsrations snd procusses {or
which industnal hygieae dats wers
svailable. Tha study by Seidman et of.
hewsgver. coateuncd good information
regurding durstion of expasute (which
can oftan be examined 88 8 surrongte for
dosa in establishing the shape of the
exposure-tesponse telationshipl.

tion {V, OSHA has
conciuded thet weﬁr_ﬂ_c_x_posw [T)

—
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ashostos are likely 10 De ot un increased

ol gesirgintestinal cancar. Though
an excoss o Gl cancee has not besa
d¥terved consustently In every siudy of
asdestos warkers, and while the ratio of
tfTucintesunal cancdp 1o lung cancar
varies coasiderslly [@am study to study.
there appesrs to beaylicient enndence
ta toughly estimate the excesy
gisrointestinu cancar sk in asbestas.
FXpoved PUPUTITISAY. 1A general. the ATk
B S eteat s

sk ! 1agie

Huﬁ'ha sstrointestinal cancas _
-om?:_, 27 studies is giver ig Ex. 64=
392} la o2 attempt to quantify the nsk of
gestrointestinal cancer. OSHA considers
that ¢ umple risk modsl in which the
lung cancer excess is multiplied by 0.3
{10%) is appropriste lor esumating the
nsk fom gastrointesunal cancer. The
estmates of risk from gestreintestinal
a:m: are alse given 1a Tables 10 and
11.

Caneers at sites other than the luag.
mescthalium and gasrointestinal ract
have been shown o be elsvated in some
asbestos expasure studies, i
laryngeal Ndney. pharyngeal aad
buocal caniy cancer. Te OSHA. it
appears that the excess risk {oe “other
cancars” is about the same as {or
gastrountestingl cancers. OSHA
recognizes many uncerwinties in
quantifying this risk, ia view of the
inceamstencies in {indings emen
differeat epidemiolope studies. (
studies have found excess risk from
other cancers. while other studias have
8ot} The sites showing excass risk have
alss veried smeng studies. Therefore,
QSHA has not made numencal
estimates of risks for these other causes
et this time. The dats indicating
gastrointestinal cancer excesses sre
stronger and more cansisient than the
data suggesting exccss at these other
cancer sites. OSHA does sat feel
compelied ta quantly this risk ot thus
time. The high quality snd well
supported esumutcs of excass risk of
mariality from lung cancer.
nesothelioms and sshertasie alene
provide sullicient Luses wpoR which to
fustify tus sctian,

£ Estinwctes of Caticer Meetality

A best esumaty of K, was caicuiatod
for each of the elrven
studies and an evtimate of Ky was
calculuted (rom luue of these studing
(see Tuble §) (K. A4=2031. For euch
study, he best mtimute fur Ky and Ky is
indicate slung “ih ¢ range of
uncertainty. The riumnirw linted are thuse
are (he rovult of cetintes of rypasure
uncertwinties {wcually & facter ol 23,
methoduiogi al uecetbiuntees that fod to

SIS

ot in some cases. statist.cal
uncertanties associsted with small
fumbers. Detarisd derivation of each
range of uncerta:inty 18 discussed in Ex.
4392,

_ The distinet nsture of mining-milling
dsta (and bence. the estimates of K¢
from these dats) have been considered
earlier. There 1o some evidence that
meks in the asbestos mining-milling
operstions are (ower than other
Indusinal aperstions due to differences
{a fiber s120. Thus. in determining the
best averal] value for K¢ from the eleven
studies, the data were examined bath
with snd without the K, celculatad from
the studiss of mining-milling processes.
The runge of individual values for K,
covers two erders of magrutuda. from
€.0008 (0 0.088. The snithmetic mess of
the eleven values of K (unit risk per l-y/
ce) is G.0201. and 0.0287 when the K.'s
from mining snd milling sre excluded.
The geometne mean of the data (g 0.007;
when the estmates of K, from mining-
rujling opersuisns are excluded. the
ometne masn of the K 's is 0.0113. The
‘s have & median of 1LO0ST with the
:zlmmrmum pfu:ms « ond o madian
0038 w ain
ing-milling

processes are

Considermg the industrial processes
other than mining and milling OSHA
: i un'u':'m-?:u
t ness
and median of the K's derived frem
studies of asbesios massiscturing and
insuistion application processes.
g¢ xnetne mean has the sdvantage of
mmnimizing the influence of sutlying
vaives m} 8 K of 0.01 is appreximately
within one order of magnitude of all the
estimates of K. [n sur:, the K, of 0.01 is
8 best estimate which enu‘m::dl with
tppropriste recogration of studies
ugher snd lower vaives of Kq. it sheuld
be noted howeves that the uncertainties
arcxnd this estimate of K are such that,
43 sporepeiate estimate of K, could lie
batween 0.003 and 0.03.

The estimates 1 Ky given in Teble 18,
sre derived from studies with four of the
fivs highast K, valuss. That is. thets is
seme bias ks examining the velue of Ky
ndepandent of the K in the same
sludies because it is likely that these Ky
would tend ta be elightly higher than
those dertved frem ather studies. due to
the demoastrated high power of thase
stwdies 10 detect nsk. The arithmetis
mesn of the Ky's is 4.6 %107, and the
gecmetric masn of the K’ is 191 X10°.

Te account {or some of this bias when
stimating Ke it 2 usalul to examine the
ratio of Ky tu Ko, For (he four studies for
which K¢ was calculaied. the range of
the tutins of Kq to K is only two-{old

arithmetic and geometne menns of these
rattos are 1107 Thus, 1 x10°15 an
appropnate choice As the best esumate
of Ke/X,. Using tius esumate of the ratio
Ke/K, and the preferred estimate of K
(0.01), the preferred esumate of Ky
would de 1 X107 (K a1 X107
X1%187) A rangs of IX10" 10 3% 10"
foe Kq would spprepristely represent
@mOst exposure situstions.

Theru (s 80 evidence 1a this snalysis
that would suggest tha! 8 special lung
cancer petency is ascribable to s
specific type of fiber. Some of the
Bighest and lowest veiues for K, sre
obtained {rom pure chrysotile exposures
{lor example. K, calculated from data of
Dement ot sl {s 0.042 asing data from
Pato ot al. gives a K, of 0.0078).
Expacures invalving & mixture of fibers.
Including amasite snd crocidalite. sisc
1pan & large range of values for K.
Wide differences alsg ocourin-the
resulls of saparets epdeniologicsl
studies of similsr work senginons.

Sorme scientists have suggested that
0me 8sbestoy peacesses. tuch ot
asbestes \extile manufseruring. may
pose & grestet hadard than other
processes. For example. mining and
milling appesrs 1o pose a lessar
carcisogenic hasard than manufactusing

rvau«. OSHA compered the posency
sctars for lung cancer (K) among

different spidemiology studies of
manufacturing precasses becsuss the *
potency factors are based on risk per
wait dose. No consistent pattern of
differential lung cancer nsk (i.e. higher
K. 's) by precess smerged. One study of
sshesteg textile workers found » very
high ntk while anothar found & much
lower nsic. and ths same was ‘Tus for
the twe siudies of asbestos producdon
waorkers and the (wo studies of ssbestos
cament workars. Therelore. the choice of
& midpoint unit risk foe all industnial
precassas (K «0.01)} is & reasonable and
festifiad chaice.

The best axtimates of K and K, were
utilizsed te estimate the mortality (ram
exposures (0 varying concsawations af
asbcstos for different ume penods
begineung st difTerent ages. The

- calculations are age. intensity snd
durtion specific. Tables 10 and 11 show
the excess asbesior-reiated monality
ratcs from lung cancer, mesotheliomd.
and gasurointestinal cancar
(gastremtestinal cancer excess i
sssumed 1o be 10 percent of the lung
cancer exceas). In these calculations.
Zquation 1 and Equation 3 were uacd
with volues of K equal 10 0.01 and Ke
equal 19 1X 10« and the 1977 U.S. male
beckgreund lung cuncar mortality ruies.
Betuusa of age-specific inereasas 1 lung

altemate evaluitions al tnk ue eaposure  (from G735 % 10°¢ 1o 1.7 X 10°¢). Soth the cancar rutes 1 older men mnce 14977,
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estimates besed on mure recent
buckground tutes weuld be Migher.
Cuicuiviions were dona for euch S-yesr
sge interval and then summed to give s
tatal lifotime nsk. The cuigulations
purformed lo give the ":3" in Tabics
10 and 1) assumed thut the relutuve nsk
eraused followiag 1en yadrs after onset
of exposure snd contutuad 1o arse uaul
1en yoars after cessation of expasure.
after which it remained canstant.

Table 10 gives sstimates of nsk for
one yaar of expasure (o asbesios et
various concenuations for workers
beginming exposure et ages 20. 30 40, 0
and 80. It shouid be noted that
emplayees exposcd st earlier ages show
tugher nsk of sll cancers due to the long
penod of lime during which it will be
possible for disesse lo develop. One
vear of expesure 10 asbestos a1 3 {/ce
staruag st age 20 may result in & totsl
excess cancer risk of 343 per 100.000
wothers. .

Tuble 11 gives the predicted axenss
Ufctime risk of cancer for expesures of
one year. 20 years. and 48 years
sssuming first exposure st age 28,

Several comments shouid be mads
regarding the resuits in Tables 10 and o~

11, Though axcess relative risk is linear -

in doss. the excess morialily rates pyen
in Tubles 10 sad 11 are not stricdy
linear in dose. Therefoce. for example,
the sk at 2 {/cc 19 ant sxactly ¢ umes

.
.
o 'te

— e e—
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the risk 81 0.8 f/ce, though there is 8
close upproa.maution. {t should uisc be
noted thut the nska [oe longer penods of
£1posures o not eppeceriobe s
strusght-fomeard muitipucauan of the
nsks of shoeter durstion. la (he longer
eXPAsUres Categorics, where exposure
will affect older workers, some
sdjusiments have been made for
competing raks which are likely to
affect the deats rate from lung cencer. (n
eddition, when looking et the totai
cancer nsks. it must be remembared that
these inciude the risk of mesothelioms.
which is reisied to ume in an
sxponentiai {ashioa.
. As can be serm from Table 11, the
predices sk from mesothelioms is
spproxir.etaly equsl o the lung cancer
ris" (or one yeur of exposurs and. about
na~half the risk velue (or lung cancer in
‘)8 30-yesr exposure group. The excass
risk of meaothelioma after » iiletime
expasure (¢3 years) ta asbestos i3
approxumately oae-turd the Llstime
excass lung cancer nsi. These
prediclions comport with ebservations
in severs! populations, whers mortality
{rom mesathelioms is obeerved 10
compnte epproximstely 30 percent of
the excess mortalily from {uag cancer.
Usiag the equations givas saclisr. and
based on the calculations in Table 11,
OSHA predic's a lilstime sxcess risk of
totsi cancar 1or o lifetime expesure (4S5

years) to 2 {/cc as €411 excass deaths
pee 100.000 workers. 07 spproximately
G4 pet 1.000. Recoginiag that 8 20 veur
cxposure to 83bCI108 May be gnother
sppromimanion of ectaal worker
eapenenee of inierest. the modals
predict an sxcess cancer martghity of
4392 deaths per 100.000 warkers,

Roduction in the PEL from 2 {/ce to 0.8
{/cc reducas the rish from lifstime
exposure {rom &4 per 1.000 (3 17 per
1.000. Similarly. for 8 20 year exposure.
the rigk is reduced from ¢4 per 1,000, 6
11 per 1.000, representing & 75%
reduction in sk,

The lifetime risk from ene yesr of
xcun follows a similac course. The

 reducss from 296 per 100.000 a1 2 !/
¢e, (0 74 per 100.000 ¢t 05
{/ce. As discussed above. this implies
thai the iifstims excess risk from & ux-
month exposure te asbesice would be
approximately 198 per 100.000 8¢ 2 {/ce
and 37 per 100.000 at 0.5 {/ce.

Lastly. Tabie 11 contains the risks {or
levels higher than 2 {/cc. becsuse OSHA
believes some industrial aress (such as
constryction] may be at these higher
levels. This popuistion of wotkers would

. consequently experience s much grester

teduction in nsk
{/oe. o tess.
ShLING SO0 8000

by sxpoeures 10 0.3
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" - Tadie 9

Estimates of the Siope Parameters ror tung
Cancer (K 4nd Mesotneiicmd (Ky), By Process

Study .! K Y ruxiG8 Ku/R {2158)
HANUFACTLRING . -

Agbestos Procucts

Handaerson & Enterline (1979} 0.0047 (0.0028 - 0.0066)

Asdestos Cement Procucts

weill et al. (1979) 0.0033 (1.0016 « 0.0086)

Finkeistain {1983) ©0.067 (0,033 = 0413) 12 (4=30) 1,79
Texttile Prcduct:'

Peto (mo) . 0.0076 (0.0009 - 0.023) 0.7 (0.3-2) 0.92
Dement et ai. (1982) 042 (0.023 - 0.21) '

Friction Products - ' -

barry & Newhouse (1963) 0.0006 (0 = 0.008)

Insyiation Products « , .
Seidman ot a). (1979) 0.068 (0.0049 - 0.14) 5.7 (3-1) 0.8
INSULATION APPLICATION

3g)ikoff et al. (1979) 0.020 (0.008 - 0.030) 1.8 (0.8 - 2.5) 75
KINING-MILLING B

Ligdell et &), (1977) 0.00065 (0.0002 - 0.0011)

Nicnolscn et al. (1979) 0.0023 (a.001 ¢ 0.007;

Rubing et al. (1979) 0.0081 (0 - 0.009)

! values in parenthesss represent the range of uncertainty around
the estimates of K 400 Ky. These are computed on 4 ftudy
by study basis &ng calcylazions for eacn study dre dis:usug in
the text. “

‘e
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Tadle 10

Estimated asbestos relates cancer mortality from a one ~
JeAr expcsure tO various ficer cancentrat ons

]

Asbestos fiber ' Cancer mortality /100,Uu0 excoses
concentration "RSotng.

(f/al) Lung lioma _  uastrowntestinail  Total

Age at first exposure: 20

0.} 1.2 9.5 7 16.2
0.2 14.3 18.9 1ed .6
0.5 /.8 423 3.8 88,7
2.0 142,8 18,7 4.3 345.8
Age at first expesure: 30
O.l 7.3 ‘.9 .7 ‘209
0.2 14.5 9.8 To4 .7
0.5 36.3 24.4 3.6 64.3
2.0 44,9 87.4 4.8 256.48
- . Age 8% first exposure: 40
9.1 7.1 F| o w.9
"0.2 “-‘ 4.3 1.4 \’.8
G.5 35.3 10.7 3.5 49.5
2.0 © 140.9 42.56 4.0 197.6
Age at first exposure: S0
0.1 6.1 0.7 Y 7.4
0.2 12.2 1.9 1.2 14.9
0.§ 30.4 3.7 23.0 7.0
2.0 121.7 4.7 12.2 145.6
Age at first axposure : 60
C.1 4.0 0.2 N ) 4.6
0-2 . 4 '-0 0-3 -a ~ ’o‘
0.5 . 19.9 0.9 2.0 2.8
2.0 - 79.0 3.4 8.0 31.0
T estimated 4s 10% of lung cancer rnx rather than caiculated using
dose-response mfemuon. a -
z S
IR DUP 090725g
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~ Taple 11

Estimated Asbestos Relatea Cancer Mortality per 100,000
Dy Nuroer Of Vears Expcsed ang txoosure Level !

3
Asbestos fiber Cancer mortality /100.000 exposed
cancentraticn MegsoLne-

L(f/al) Lung 11oma Gastrointestinal®  Total

| year exposure
0.1 7.2 6.9 Q.7 4.8
0.2 14.4 3.8 W 29.6
0.5 6. 34.6 3.6 7.3
2.0 i 138 4.4 296 .4
£.0 288 278 8.8 £91.8
5.0 360 k77 ) 36.0 740.0
10.0 718 684 71.5 1470.5

) ' 20 year exposure
0.1 \;_9 73 139 225.9
- 0.5 6§92 362 69.2 1123.2
2.0 a3 1408 N3 4392.3
4.0 5278 2708 827.8 g8s11.8
. 8.0 6509 3 650.9 10476.9
16.0 an 6024 1217.7 13996.7

45 years expesure
0. 2N 82 2.1 ' 336.1
0.2 480 164 43.0 670.0
0.¢ 1143 407 114.3 1664.3
2.0 4416 1554 441.5 6411.6
4.0 8441 2524 S84, 12209.
5.0 10318 3547 103i.8 14896.8
10.0 18518 41 1851.5 " 26507.5

1 agsumas exposure Degins at age 25. Rtsks ire calculaten using U.5.
male lung cancer dackground rates for 1977. .

2 gstimated as 10% of lung cancer risk rather than calculated using
dose-response information.

AL SNt 4DE
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£ Quonufying the Excess Risk From
Asbestosis

Many studies have found the
nonmaiignant iung discase. ashestonis
among ssuestos-enposed warkers. in
fuct. ently cesupstional h@uith
standards gos ernmg asbedos cxposure
prmaniy sought to reduce the incrdence
of asbestosis. Asdesion is 8 type of
guimomry fibros:s disgnosed on the

asis of 8 hisiory of expasure to
ssbestos it ls charactenzed by
rudiologie chkanges to the lung.
bresthiessness. inpaired lung function.
end other clirucs! festures of {ilironing
lung disaase. Asbastosis can be
manifosted m ¢ range of degrees of
severity and can easult i dissbuity and
death.

An serly response by the lung to
asbestos exposure 1 formation of
plaques. which sre opague patches
vinibie on chest Xrays. The presence of
plagques might indicate increased risk of
future development of asbestosis. but
this is not certain. Although the disesse
significance of pieusal plugques 18 not
cieer, the prasancs of tha plaques is not
normal.

¢ Berry at ol. (1979, Ex. $4=20] defincs

“possidie agbestosis” es & lung
candiuon based upon signs of early
ssbestons. He classifies “possikie

_ asbestesis” on the finding of basal rales
o¢ erepitations. radiological changes of
varying dagree. 8 falling gas transfar
factor, and restrictive s tn lung
volume or ventilatery capacity. Ths
definition of asbestosis varics among
different investigators. Berry et sl.'s
dsfinition of possible asbestosts. for
exampie. 15 not-sulficient {or the victim
to qualify {or Dritish Disablement
Bensfit.

-

Aslestosis can progress to & disabling
condition where active work 18 no
longer possivle. Although no sungle
definition of disability axists. vanous
governments have sdopted definitions
of asbestes disability to admunister theie
worker's compensaiion lsws. Finkelsten
explaing the system ssed by the Ontusio
Workmen's Compensution Boyrd:

Warkers sulmitning claime 19 the
Campenssnion Baerd uee examined by the
Advisory Committee, wheeh reconwnends
wheiher of not § Disabniscy Penann be
srunied. There are 29 mnct critenis hat the
swurding of & Disghihty fensien {ur
asbcsiosn. b seme of the leciens
wnudervd niciude ¢ hcsery of “sicaquan™
23908478 3 Mty of dynpmen. the prrascace
of cremiations o clall J phic sgns
of pulnenary fibrame and sbrrmal
puimunary function reewits (Ko, Sdwid. p. .«r-&

’
-

AsLea104is has Luen knawn ta
progress or wursen afict cessation of
expasure. prubuiy due to e orsiile
Injury ad/ur the reiention af usbestoe
fihers in the lung (= additron to lung
lunction impuiement. ssbusingis
centnbutes 19 ncreased ssbestos.
reluted martulity, Insreaccd resistance
crented by the lung obstruction can lesd
fo heart fgilure.

Becausa of the many posnible
definitions of asbestasis given by
differens grou, - the quentficatian of 8
single nek associsted with asbesions is
difficult. 11 is ciear that matenal
impuirment from asbestoss occurs prior
(0 the onset of its disabling stage.
Quantitative studies exist. primarily for
the disabling forms ot the disease:
specuically. two separate studics
provide information to deveiop & doses
respanses relstionship betwsen asbestos
expesure and incidence of esbestosis
{Ex. 3420 and Si-std).

Twao definitions will be helplul ia
interpreting the data conceming
ssbestosis. Incidence ie the rate at
which new casns of asbestosis develop
in & given penod of lime. [t 9 & direct
massure of the nak of developing the
disesse. On the other hand. prevaience
naessures the aumber of cases slive in g
populatica at & grven period of time.
Numericsily. {t equals the sum of il the
incidencs ceses in the past mines all the

desths that have ocsusred (n people who

had developed the disease. Prevaicnce
can be reflective of existing risk for
asbestosis 10 8 popuistion: prevalence
howevet. can be high for sther reasons.
such as incressed survival. M ve

been ealeulated from incadency duta of
two ttudics. Derry and Lewinsonn (Fix.
Kba25} and Finkelstein (Fx. Siad4).
OSHA hus ulso examined prevaicace
rates to support & quantislive
asscssment of nsk fur asbestos. und
these dats will be discunsed firet.

Berry ot sl (1878 Ex. $4=20) studivd a°
group of 379 man who workad 4t an
esbestos textile factory for at least 10
sears. Dust measurementy were
svailadle and were correlated to euch
lab parfarmed for each year under
study. Health afTects were correisted 1o
cumulstive exposure. Table 12 shows
the observed prevalence of cremitations.
“possible asbestams”, and cerufied
asbestos for data from Berry at 8f.. «s
tukan {rom the /\.1ed eurve in Figuse ¢ of
thetr paper. Pass:ble asbesiagis was
diagnosed by the faciory medical officer
if he thought that & man was develaping
signs or symptoms of early asbestons:
$0% of the men dia d with passible
asbestotis received certification within
the 3.5 years {ollowing this disgrosis.
The resuits in Table 12 reprecent a group
aof workers smployed after 1930, who
had a relatively shont durstion oi [oliow-
up (maximym interval {rom first
eXpOsUre was 23 years). A higher
perceatage of asbestons would mast
likely bave beess observed (f the follow-
up panied in the study had beent
extanded.

The obsarvations of Berry 0t 8l
presanted in Table 12 are protabiy
uaderestimatas of risk. First. the nsk
shown in Table 12 does not give the
pmbcbﬂlml developing disease sfter

incidence establishes a tme ssquence
whersas prevaience looks st botk cause
and sflect imultar ~usly. The best
estimates of risk of asbesionis have

P but rather. reporss
the disease found at one point in ume.
Second, the data includes some workess
wha may not have been followed long
snough {or ssbesiass 10 eappeas.

e TARE 12

PREVALENSE OF CREPITATIONS, POSSINLE ASKESTOSIS AxD CEATIFLED
ASLSTOSIS FOR CLMULATIVE ELPOSUALS TO ASALSTOS FROM
BERRY ot at. (1979)

-

Cumuistive espature. fiver/ce - rears

Percent with

canertion Crapitationt
5 n
$ 3}
10~ "
L 100

Porsivie Certrfres
Ashettasis AsBestosts
“ [ 2]
/3 100
1g 10
134 148
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Trese dats of Be~y et ul. dimunstrate
soversl funtures of the nature of the
asuestons nsk. The duts show ¢
continnum uf climest regponse yact the
range of doses: \hst 13, these ehimical
observations suppart the evistence of &
dosevresponse relgjionthip. Serond.
these observatinngalso support the

[}
.

enigtones of a low. or posmibiy no,

. thresnhaid fut salesiusia, sinee there 1y

inercased nak at cumuisuve expasures
as low us 37 fiber/ce y curs,

Derry and Lewinsonn (1979, Ex, b=
234) hyve reporied the incidcnee of
stbestosrs in thug same asbestos rextile
factory. These quta are presented in

Tadle 1)

{ncidence of Passinle Asoestosts by

Cumviative Exposure
Serry ang Lewinsonn

Comulttive Exposure 3 [actdence
, first emoicyrant
(fioer/ceeyaars) Sefore 1951
04’ -
50-99 3
‘m*"’ 2-‘
i
hd ‘u
300. 349 N 4 i
Finkeistain (1982 Ex. 84=id] locked 3t  was developed using estimated
the developmen! of campensable cumslstive exposures based on plunt

[cerufind) ssbeston:s among 201 Workars
81 an asbestoscament factory in
Ontaria. A dose-response reistionship

dust measurements and using medical
information from the Ostario
Workmen s Compensatioa Bosrd. Table

TABLE 14

Tulile 13. A dose-rospanse ritunionnni:
18 apparent for the mardence duta. ut it
is not Quite a3 conmistent for the
prevaicnce dula.

After 1950
°l‘
1
2

14 shows the incidence of cartified
ssbestasts cases 94 & function of
cumulistive exposurs from the
Finkeistein study.

INCIOENCE OF CERTIFIED ASBESTUSIS AS A FUMCTION OF
CUMULATIVE EXPOSURE FIMKELSTEIN (1982)

Cuﬁlnin eXDOSUTE

£ Incicence
fioereyears/cc
0-49 0.5
50- ” ‘ : . ‘
100149 6.3
150-199 7.9
200-249 4.3
Finkeistein's (1962) shsarvanons may  ssheston.” On the other hand.
oversiaie the ingi of asbestosis Finkaistwin's study may have
because 5t sutopsy. there was hisiaiogie  understnted asbestosis sk by
evidence of silicoms ss weil as sxamirung only certificd disability (rom
asbestosis in many fen. Finkelstein usbeaiosis. which is un sdvenced stugs
slates that “we have, severthriess. of saliostonia.
chosea te call theie digease ‘asbestanis’ OSHA's ssunsates of risk were
a8 we betieve that is the psthaiome derived from a simple lineur recresaivn
process of mest significance. Most of the of the incdencs on the midpoints of the
purrnchymal raciegraphic abnormalities  cumuleUve exposure duia of Borry ead
were small irrcgular opacities wad the Lawinavha (Tuble 13) and Finkelsicin

mortulity potturn amaag the men was
consustent with the 1oxe affcrts of

ITslla 13k A Lingur relativaship wus
assumend. al least 10 the poent estimation

of 0.5 Glert/cc {or 43 years (o7 2.5 fiber
years/cc) This asawmpuon 13 consistent
with the [uct that early stages of
diseases nre observed at low exposures.
A similar conciusion 13 deawn in the
report of the Drilish Adwvisory Committe:
on Asbestos {Ex. 84218, volume Z. 2.
381 "The Dresent quthers come down in
favor of ¥ dose response relationshi
without 8 threshold foe chrysotile withie
the range expenenced n industey ”
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TALE 1§
ESTIMATES OF LIFETIME ASBESTOSIS IaciDEWCES

Coosure lavel, . % incloence
fioer/ce Berry: tirst ewiored:
' Flaselstein  Before 1951  After 1930

0.% ! .24 0.¢§ 0.4%

} . .4 c.h 8.6

1 '8 1] 1.7 1.38

$ 2.4 4.4 1.38

10 20.84 8.0 6.93

. $lepe 0.04% Q.20 0.01%
. 0.978 301 994

The results of sach of the regression enviroament (o generate quantitative

analyses and predictions of incidence
forseveral dase consenustions are
given in Table 15. At this time OSHHA
makes #o sttempt (g excrapolate the
date using this mode! below the 3.5
fiber/oe lavel or abave 10 fider/ce level
The setimates {rom the § cohors differ.
by an approximate facior of 3. This may
be indicative of some of the
methodalogics! issues reised esrlier. It is
possible that thy estimates mads from
Berry and Lewinsohn's dats may be
undersstimsies. The maxmum durstion
of follaw-up in that study wes 23 years.
with an average follow-up of 18 years.
Qbservations [rom Finkelstain's deta
(Ris Tabie 1) demonsurate that oaly ¢18
(Z3/38 cases] of 1ata! incidencs wes
experigncad {3 the first 2¢ yeurs since
first exposure. That is. 0% of the
asbestosis incidence was not expressed
sntil ot least 28 yuars from first
exposure. Thus, it is Likely that the low
incidence retes in the Barry and '
Lawinsohn siudy (snd therefore, the low
estimate predicted by OSHA) are
reflective of the short follow-up peniod
foe this group of wark~cs.

OSHA balieves that the best
estimates of the incidence of asbestonis
are those derived from the Finkeistain
data. indicate that among woriers
exposed for 8 lifetime exposurs o S {/cc
of asbestos. spproximately 3% will
develop asbestosis. Redusing this level
10 0.3 {/cc would reducs incidencs te
1.24%. 11 should bs noted that thess nsk
estimates reprasent 1ncidancs of
disabling ssbustosis. Fiset signs of
adverse pulmonary eflocts are reported
o occur at lower levele.

G. Other Queniitative Risk Assessments
$ince 1970. severul seientiss and
seientific comsutiess have estimated
nsk associated with asbastos exposure.
(Exs. $4=1, ud, 84318, $4u238.] The
rigk asscssments are in approzimale
sgreement. They all use epidemiviogicul
studies condycted mn the mapeﬁon}l

P

sstimates. Animal studics are used to
only suppart and jusiify methadalogical
procedires and aisumptions
qualitatively: For lung cancer, scientists
generally accept the linesr modal
relating incressed asbestos exposure to
risk and generuily sccept the lack of 8
theeshold. Ag stated by the British
Advisary Committee aa Asbestes: “Foe
luag cancar. the svailable dats in man.
all of which are derived from industry.
show an increass in risk with increasing
dosa of dust. and we find no evidence
wnthin the range of dust lavels studied
for s threshold of dose below which
thare is 5o evidence of risk™ (Ex. 84=216
p. 83}, {n geseral all the risk
essetanants use cumulative exposure s
the measure of expasure for ail concer
risk estimates (cumulstive exposure
equaling intensity timos durstion of
exposure}.

Given the uncartainties inherent (n
wantitative risk assesymant, as weil as
incv‘}‘uble vm;‘u‘ou hhd R
smeng the many epidemioiogic studiss.

O.HA' belisves that the different
qeantitative nsk et ates agree
relatively vesil. The varigtions that do
exist can be explained by the
sisumptions made or $y simple
methodalogical diffarances. Some
varistions may be due 1o difTorences in
the wack envisonment used in the
atsesTments.

for exampie. Crump's sssessment.

a8 (estimony (0 the Ontano Royel
ign on Asbestas in August

1081 containe quantitative estimates of
risk for several studies. including
smeking-specific risk estimatas. Crump
doss ot prve & baat estimate of risk or
an everall risk sstimate. Mis sstimates of
risk are based upen an sssumption that
werker expasure that weuld result frem
o standard st et a 2 fiber/ec limit is
acteaily much lower than 2 fibers/ce.
That is. his rigk estimate unders 2.0
ibers/cc stundand assumes that gverage
wareker exposute would be only 1.0

.
DREESA

fibers/cs (p. 49}, |18 reduces this level
by o factor of two to sccount for
dilferances botween personal and static
wampling (p. 80} Thus. Crump's
esumates for ¢ 2 iber/cs siandard wiil
be four times lower than those esumates
made by OSIIA lor average warker .
expasures of 3 fiber/ce. Such differences
ln sssumptions be kept in mund
whea comparing risk assessments by
different authors (Crump's estimate ot 2
f/ee wouid be compared 18 OSHA's
estimate 81 03 f/ec) OSHA has
presented the risk as if the worlung
papulation wers exposed 10 an average
concentretion of 2 1. 0.5 and 0.1 fibers/
cc reflecting OSHA's beliel that s
standard of 2 {/ce does not preciude
worksr exposurs 8t that [evel: in fuct
expasures may even exceed 2 fiberz/cc
for short periods and sull produce an &-
hour TWA below 2 {/ce .
The report of the British Advisory
Camsmittee or Asbesics contains one of
the frst quanttstive nek sssessments
performad for asbestos. This was
updated (n 1583 by Achasan end
Gardner (Ex. $4-143). The report
dascribes risks foe lung cancer.
mesothelioma. other asbesios related
b torugh descnpiion of he health
n escripticn ]
hazards sssccisted with asbettos
expesare. The Iritish repart's risk .
estmates jor lung cancer do not differ in
8 major way from OSHA's esumates.
For example, with regerd to exposure to
chrysotile, the Acheson and Gardaer
update elates that “We concluded that
for an excess martslity rom
asbestos-related disesse of 3 percent
might be assacisted with any paistin 3
range of {rom § fibers/m! 10 0.4 fibers/mi
and that bearing in the mind the very
cengiderable ancerginties & figure
towsrds the lower end of the arrey (0.4
{/ml) might represent an approprale
compromias.” (Ex. 84243, p. 14). As 8
comparnisen from Table 11. OSHA's best
ssiimate of risk is that an exposute 0
0.8 fiders/ce (mi) wouid resullin e 1.2
percant increass n deaths {rom lung
cancer (or 1143 excess deaths per
100.000}.

VY. Techaical 3ad Lcononmic Feasibility

Basad on an evaivation of evidence
contained in the record. OSHA finds
{hat the provisions required by the ETS
are technicully and econemically
fesmble. OSIIA has sxamined the
vanous industtics and work operstions
Impactad Ly the siandard and therr
siulity to enmply with the provisians of
the ETS. Because the ETS requires
promot reduction of fish. @SHIA
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ssscased the industry's ability to
implement the reyuired conuls
immedintely.

The ETS allows considerable
flexibuility tn semiaging the PEL. As
result, three optiofs are evaulabie to
lawer the ssbestod fiber concanirations
ta which workers bre exposed: (1)
Engineering controls such se automatie
bag opening deviess. speciulized
vacuum cquipment end increased
ventilstion: (2} work practices. such a3
wet treatment of the asbestos matenal
and (ncreased clean-up of the work
pluca. and (3} use of appreved
respicators. Due to the emergency nature
of this sction which requices immediate
respanag 1o reduce warkar exposure.
QSHA assumes that respirstors will be
the initiel method used 1o comply with
the ETS A full diseussion of the
technological and econamic feasibility
of the aiternative methods for each
industry and {or the various PELs under
cansideration foc revising the permanent
standerd will sccompany the proposal

- which will be published sepurateiy.
believes that. conssient with
the ssumastaes of current exposure levels.
sngineenng sonwols are currendy in
place end work practces. in operstion
which. if applied conscigntisusly. would
tmmediately resuit in concentrations at
least as low as 0.3 in many industnes
(Ex. 84282 Ex. 84-263; Ex. 04=8 ¢ad Ex
-* 84=298). For purposes of assassing the
tachnological and sconomic feasibility.
however. OSHA assumed & worst-case
seanario in which sach industry segment
weuld have to implement a respirstor
ragram in ordet te achieve immediste
reduction i worker cxposure levels
below the estimated current

< Qo

concentfations. Furthermore. fur
purpases of worst-case ynulysis. OS!IA
sssumed that none af these indusues
hae any respirator program ercept fas
the shpbuiiding and construction
segmenis. O51{A makes this assumption
because OSI{A estinates tha! most
workers in industnies other than
shipbuiiding snd construemon sre
exposed 10 eight-hour time-weighted
averages less than 2 f/cc and the OSHA
standard issued (n 1972 only requires @
respiraior program when anguneering
controls and work precticss canndt
bnng exposures te 2 {/cc To the exunt
that some firms do bave an existing .
tetpirator program. the costs 8re
overesumated.

A. Techaical Feasibillty

The lollowing table presents the
assumptions made regarding the
respirstor program elements required by
each industry 10 obtaia o PEL of 0.8 {/es.
The types of respirators noeded for each
ndustry sector were determuned usin
the tespirator selection bie in the
with ceference to the estimated current
exposure conditions. OSHA ussumed
that the lca .t costly appraved respirator
would be sciscted. For example, whete
industries have expasures ess thas tan
dmes the PFL. OSHA anticipated that
disposable respirsters wauld be
purchased. because of their lower shont.
term costs. When exposures excesded
ten timas the PEL. OSI{A assumed that
some plaats would vither use air line
:upm‘lon. o ful; facepiece %m

e ing upen the tica. To
cn':nﬂt :;:l'l firms m?l‘:: highercest
respirator (o incresse the proteciion
factor or dursbility. respirstor costs may

be understuicd. Furtharmeors. OSIIA has
not inciuded in the cost analysis 3
considarstion for last worker
productivitv dug 10 wegnng resoirators.
Costs may be understuted by wAgtover
amount praductivity 18 reduced. Dther
anticipated respicator program elements
required to detezmine costs for the ETS
sre [isted below. Thase slements ore
darived [rom the exisnng provisions
found in the Aslestcs Standard. 23 R
12310.1001 and the standards {or
respirstors. 29 CFR 1M0.134.

All of the required respirstors and
filters ere resdily available and can be
purchased through local distributars.
Sincs the program relies mostiy on
dispesable respirsiors. OSHA coasiders
that there will be ne supply sonstraunts.
As Lhe worstcase (or high) estmate
QSHA assumes that approximately
$0.000 workers will wese respirators
becauss of e ETS whe did nat
previgusly wear respurators. OSHA hus
concluded Wat the use of respirsicrs
will be effective in providing improved
wocker prowsction during the penod of
the ETS. In eddition to encouraging
genenally more widespread use of
respiratory prowsctive messures. the ET
will stimulate & heightened
wnderstanding of the health hazards
{rors asbestos exposure sad will resylt
is more eflective use programs and
strategies. lssues iavelviag the
sppropristeness of respiratec use as 8

‘loag-tarm solutien to congolling

ssbestos expasures sre raised in the
section &(b} rulemuking proceeding (set
Tx. 84m348. S4=348, 84-347. $4=348).

AME CON W38
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Anticipated Respirgter Pre

TABLE 16

gram Elements Required to meet PEL

}

fndustry Segment |

Anticipates Type of Respirators
Used to meet tne PEL

Other Program £ iements

Primary Manufacturin
A/C Pipe & Sheet :
Friction Materials
Asbestos Paper
Gascets

<3
Floor Tile

Paints, Coatings and

I Q18D0sAd le/workysy/ worxer
2 atreitnesplant (for hign
concentration gituations)
| disposadle/worker/day

for pertions exposev 4t 0.7§
(Notning for JEL of 0.5)

I gisscsadie/worker/day for

© Sedlants 785 of warkers
Textiles
et Process 1 disposante/worker/day

« Qry Process

Seconaary Fabricators
Cement Sheets, raper
Products, Packing

and Gaskets

Textiies

Automotive Aftermarket

1} disaosablc/uortcr/a§y

| ¢isposadle/worker/day .
2 sir-iine/plant for high
concentration situations

1 ¢grsposadle/worxer/day
L 4

1 gisposadle/worker/day

u1iging 4no Keracing | aireline/plant

FelT iemin. corts’

Fit TestS
Training

0% acmin. costs
Fit Test
Training

75% acmin. costs
Fit Test
Training

Fuil acmin, costs
Fit Test
Training

Full aomin. costs
Fit Test
Training

1% agmin, QoOsts
Fit Test
Training

1% admin. costs -
Fit Tast
Training

1X somin. COsStS

Fit Test
Teaining

-

pu? 0907264
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Respirator Program Requirements (Coat.)

{ndustry SegT:

Anticipated Type of Respirators

Used to meet the PEL

Otner Program Elements *

t
Srake Repar
Gasoline Stations

Shipbuilding/Repair
Shipouiieing

Ship Repair

Constryction
nstaliation
A/C Pipe
A/C Shaet

Roafing Felts
Demliiion/Renovation

Repair & Maintenancs

Nothing

Nothing

Kothing

| disposanie/worker/day for
203 of tat4: worrforce

1 gisposadbiesworker/day

Kothing

| HEPA full face for
253 of the workforce

Kothing

20% of asocatn. costs
Fit Test ‘

Training

103 adafn. costs
Fit Test
Training

283 adain. éons
Fit Test
“Traintng

P

3)SHA assuses that certain jobs such as cleaning of
exposure levels greater than 10 times the PEL.

vacuul esquipment will procuce

Consegquently, O3HA assuzes 2 ar line

respirators will be required per plant except for small operasions whicnh will require

. ggly ong air-line respirator per plant.

daminigtrative costs represent tne c<ilary of one full time professional at $33,000

per annum and one full tims clerx

at $15,000 per annua.

QSHA Ras &g ustes

adainistrative costs $0 represent expected reascnadbie time spent administaring 3

respirator program in eact industry.

4n the secondary fadbrication and autonstive

aftersarket sactors, for example, USHA anticipates that supervisors will spend 15

minutes & day distriduting and moaid. ing the use of di1$50sa0ie respiraters.
far less of & mansgement burden than

secters have

Thase
tirge firms, -and thus,

agministrative costs are calcuiated at ! percent of the fuli acainistrative amount.
OSHA Delieves that acmimistrative costs have desan overstatad {n sost segments in order
to present a worst case scanerio.

astunes that every asployes sust be fit tasted for-respirator use at & cost of

¢\ per employes.

J has allowed 3 hours for respirator and asbestos training.

QSHA considers that

this 1s very lideral, especialiy i inoustry segaents charactaciles Dy s2all plants

and by the use of disposadlie respirators.

overstated to present the worst-case scenario.

SRLIG SU8T S.00-3 .

o By

w
.:

Costs for this element are therefore
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CSHA also examined the feusibiluy
of anaiytical methods {or measunng
asbestus air concentrations at the 0.5 {/

. &¢ limit established by the ETS. OSilA's
exssting stundard requires that ull .
measurements of ai
concentrstions of asbestgs fibers be
made by the memibrane (Rier method ot
400450 x (magnfication) (4 muilimeter
obfective] with phase cantrast
luminatien (26 CFR 1910.1001(e}). Aftee
revigwing the reievant tvidence made
available sunce the 1973 proposal. OSHA
finds that phase contrast microscopy is
& feasible and effective method for
measuring sirbarne astestas fibers 1o
dotermine compliance with the
parmissible exposure levels set by the
Emergency Temporsry Standars.

The moet important issue raised by
commaents to the 1978 notice is whether
phase coatrast sucroscopy snslysis is
capsahle of reliably measunag aitborne
concentratiors of 0.8 ftbers/ce and less.
QSHA scknowiedges that asbestos
sirborne messuremant procedures using
phass contrast nucroscapy. as with any
industnel hygiene anaiytical peocsdure.
inherently contains several error
sources. These errors have been
statistically evaissred bry Laidel et ol =
(Ex. 84=£2), and. in 1878, by the Air
Menitoring Committes of the Asbestos
Iaformation Associstion/North Amenea.

us in 58
date. Chatfield alse examuned this
question (Ex. 84-319}. In the Laidel st sl
and the AIA evaluations. the errer.
messured as 8 coefficient of vanatien
(CV), was found ts be reiated to the
number of particies counted [rom the
filter. Far 100 fibars counted Lasdal. et al.
found 8 TV of 0.12 wheruses the AIA
report found s CV ot 0.38 ' or ervors
associated with interiabaratary-
intrafiiiar variability. .

Based upon these stdies. taken st
their {ace value. it appesrs that the
phase contrast mictoscope analysis is
capable ' reasonably reliable
messuremaents a1 0.5 {ibers/ce. As stated
in the AlA repert {Ex, 88-002. p. AB-2).
“The cuiculated resuils indicate that the

4

! The ALA rrwent slse rourn o arpurwie CV far
oversll v orghahity 1 the sampiv svalsstn sy
Piut Tuadun seneibey W e somple ealiscuan
s * Thin “wndem sensiniey of
seiecton” gt drervvird @ e Sady BaP O 0
mteawe of the g Slrusmn @ o
Fom wrw bastum W N9 SFLL o My ROt R 8
Meswre of resubed s amainie. A Mo asrlully
drsgred Somphing Srotly el g amer comind of
TRMPUIRU S Plarirat. oof GETPRte, sasl deml
PRrTilmd @ ARTtesn W slameaw diffrremars
SR (sl | U SRRt ni WO G L aine b
L LT

.
'

$3% confidence hmits on 8 measured &
haur TWA can be reiauvely constent
wilh & wide, but ussble. range down tg
toncantrations spproscrng 0.8 fibers/ce
{less than| snt*

The ALA report shows & higher error
than does the Lardel ot sl. report. Cne
possible resson for chis diflerence may
be that the AIA repoct sssessed the
variability in measuresnents as they sre
being made todsy by the many
lsborstones wha ers making the
messurements. For example. only 27 of
the <8 laboratories participated in the
PAT program end 20 counting guidelings
were given. whersas. the Leidel ot ol
report included anly » small number of
laborstories operated by johns
Mansvilie Company. that prodably used
very similar procedures and conducted
similar training.

In late 1942, Chatfield prepared o
report antitied “Messurement of
Asbestos Fibre Concantrations in
Workplace Atraesphares” {or the Royal
Comsussion on Matters of Heaith and
Safety Arising from the Use of Asbestos
in Outario (Ex. 84=319). Chatfleid

snalyed (nre-_.. atsr-laborstory
varisbility end arrivad st conelusions
sormewhat smilar 1o those of AlA and
Leidel. Chatficid siso recommended
methods by which the sceursey and
precision of phase contrast micrascapic
anslytical techniques could be
impreved. Significantly, he noted “1a
viaw of the sumber aad {requency of
nedsirements required, there is .
currently ne [ully developed alternative
method [to phase coatrast micreseopy)
which could be rmmadiately
implemented.”

QSHA notes that the authoritiss cited

. abave believe that it may be possibie te

reducs phase conirey MiCIOSCORy errers
if {mproved and standardized
procaduses are [ollowed, pechaps by
adding requirements to the staadard. It
does not appest. howsever, that
traprevements of this astuce can be
quckly made in the immedista format of
tus ETS. Therelers. besed oa the
evidence before it st the time of
issuanca of this emergency stundard.
OSHA belicves that 1t is generslly not
pessible to messure asbestos .
conceatrations below 0.3 {/cc relisbly
snd reproducibly wsing phase contrast
nicroscopy under cxrrent luberatory
pructices. JSHA finds that the phase
contrast micréicopy methed can be
feusibly used tv meusure ssbestos e
concentrutians Jows te 08 [/cc.

? .

. .

8. Ecunomic Feonibihty

The industry costs buscd on the
program elements deserided in Tubla 16
are presented in Tabie 17 Foe the ETS.
the costs of asbestos raning sre
included with respirator traiming Casrs*
fer warning s1gns sre not included. .
sincs. for the purposes ef the F°TS, these
signs could be hand-made st very low
costs. OSHA did aet analyzs couts
sssociated with the alternate benefits
scensrio (See Table ¢) since that
scanario was constructad (g show s
lewer range of benefits but does oot
represent aa estimate of current industry
practics.

Tha costs are overstated (o Lhe extent
that some firns already have s current
respiratoe program ead (o Lhe extent
ihat carefid applicstion of existing
anginsering controls end work practices
would reduce sencenuntiens 0 the PEL

- in some {irms and thereby make

respirator use unnecessary.
Fusthermare. the costs assume that dust
masks and ftiters will have to be
replaced every S-hour day. Some of this
cest (i.e. the disposable respiraters,
filters snd administretive sverhaad) can
be ia fact spresd over the penod du=ng
which the ETS (s in effoct.

Finally, the coets assi te the
Shipbuilding/Repair and Construction-
Demeli tion segments
represent cost which reflect incressed
complisnce with curvont obligeuoas {e.g.
incressed respirntor use te meet the

curreat standard as & resuit of the ETS

cai requiremeats] and sre got
dh;‘s: stirtbatable ts the ETS.

Nota=0O81{A snseipatey thet the ETS will

_Sput MaAY smpleyes wie praviously were

net in complisnce te expend the necesssry
resovruss in sedar to cams W19 eampiisrce
wath the ETS.

The tats] cost is estimated et
£35.548.402 for ¢ manths. Thus munsistes
(e an averuge cost per employee of
£708. Aversgs § month cests per workes

on an industry basus ia Table
17 range from §231 in the sutemouve
aftermarket sagment to 5973 in the
conslruction segment. These costs are
oet 8 large parnon of industry shipments
us presented (n Table 10. Moregver,
firma ia these industnes wiil be abie to
pess the cants forward because asbastos
sebatitutes in most industnes ars aut
tmmediately aveilable. For sll these
ressons. OSHA Ginds that the ETS s
ecanomicaliy fcasibie.

SALANS GONE 4008
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£3tinated Costs of Respirater Progeam
for €75 with PEL of 0.8

! [ndustry Segmant 1. ;:::' ““: EH&MM
. srisary manufecturing 0,408,965 4,104
cancary Fasercators 13,847,22¢ 9,415,812
Avtomative Aftaraarset 1,620,197 1,037 464
Satpouiiging/resatr 626,206 124,852

. Casstruction M,320.00 19620
Total . M,848,012 34,548,402

Tanle 18

£13 Consirance Conts Compares
te Sales oy [naustry Segment

$-an. average
Cost/emsiosee

ElCERE S

iadublry Segment CostsSales

Prisary Ranufacturing i .03
AZC Pipe & Sneet 002
fFrictin naterials 08
Asaestas Pissr
Patats, Coatings ang Sealamts 008
Saskats, Seals ane Pacrings 001

. Teatslas Q014

Secengary Fanrrcaters ¥-15
Casant Shetts Q72
Pasee Prouvucts LN
Paczings 4ns Gaskets L1
Testtles 018

Autasotive Afterusreet
Resutlrag ane Reficing 0004

Mipayt laring/Resatr 0001

Congtruction 0008

neta: Sales veluas ire for 1977 ene 1978, Jalwas foe Priasry
Mamufacturteg and Secondary Faricstors were taen frem $4-003;

P veluas fer the Autamstive Aftersdrset wire  Capee

trom “y5.

lagustrial Outlsss, 1983; ane values for Sihipsuiliding/fesatr ind
UCLIOA warq tasar (rem tAQ | tatigtica! Adstreact. Tne

~ valug for Conttruction wey ogjusiec Dy sudsiricling
Highooy & Streett and Resioeatial  dAg ddeing Lne
O 1 3L 100/Wrect 1Ag,

GRASUS QUK o8 W0n 1Dt

valve for
vaive fOr
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VIL Eavirenmental impact. the ptopesal to ascertun whether empin be able
- E yers must be sbie (o comp|
Requirements of Exacumn_crd« 1291, anaiveis under the Regulatory Flonibility  the stundued 0 @ short panag o‘: :’:r::h
ead the Reguistoey Flexibility Aet Ast s . cquired, ' OSHA hus sat a level whieh i likaly (o
The Nauonal Evronmental Policy VAL Summa ool the bt schicved immedistely. uiing
Act (NFSAof 1968 (US G433t et seql  ETS 7 and Explanation of he  yquipment nd caniral echmiques that

T l N
il he Coufed | T of e avapens e G s bed o
Eavironmantal Quality [CBQ). requires EMPOrary $1andard are se1 00t N A DEW 4o, sanerated by OSHA's coniracior,

(hat federsl sgencies sasess thesr sragraph. § 1910.1001(k). They are Research Triangle [nsutute. that some
regulatory lc!'bm 1o determire o therw ftad to ':;‘“”" provisions ta LMHA workpluces. -’zﬁdly in the
is ¢ potential for a sigmficant impact on “"“3' s50esi0s ',""""" which 05 manufacturing sector. may be cloge 1o
the quality of the Auman environment conmdars essantial and lessible lo schieving 8 08 {/cc lavel through the
and. if necassary. o prepare an iy "“31‘,‘7",' from b"f rave more rigorous use of engineering
enironmentasl impact statament. n OS’:!.A ing irom "’ $108 €XBASUTS  conirois werk practices and

1n sccordance with these :2; ol can promulguic more housekseping methods which sre fow in
requiraments snd DOL NEPA prehensive revinions in sccordance o0 OSHA encourages ermployers to

with section &b} of the Act. The major i

T Al T Lo L

e et Dyt v T T
18 $1a0Card, 1o ¢nvironmenial IMPACt  complignce pemmitied to schicve the asbestos exposure M’ll be pravided.

statement will be perpared far the ETS. ! ;
The courts have held that NEPA doas. epioncenaisl$ f:;‘:;‘:;"‘l’: the " Third. OSHA believes that refiability

0ot require advance preparstios of un . ; of the currently required asbestos
enviroamental unpact statement for an E":::; du:: ‘,;.T:: ;mm:.m measyrement methods 10 massure
OSHA ETS (Dry Colur Manufocturing ETS. the necassity lor inciuding these ssbestos exposures less than 0.8 {/ce
Assocation v. US. Department of Labor,  pegvisiens in the ETS. snd some should be epen lor discuswian dunng
€48 F2d 98,107 (3rd Cur. 1973)1 OSHA °  qqdirinnai provisions te trigger sertain  [USTaking hearing. rather than imposed
will scsess. howeror. the enviconmental  requirements st the reduced permussible  LCUSH 68 ETS. OSHA has tharefors not
«{Tacts of the proposed permansnt Jevel of & flee. sdopted the 0.1 {/cc level petitioned by
regulation of asbestos. The results of . 'y Poragroph (ki1 Seope. Aspamof 18 uBiOns bul insiead is considenng
this .My will be avadable for review the EI'S. OSHA is ‘“&. .m“.’h sdding previsions to the asbestas

rd. The

and commnent pnoe to the hesnage ea standand that mey improve the
“  the proposad permanent standard and :,':;:;:’; :.m‘:w make clegr that  eiiability of beth sampling and analysis
will be an sppeopriate issue for the emergescy staadard applies to gl 2 e 8(D) rulemaking for the permanent
discession ot the public hesring. warkplaces where emplayees may be sandard end thus allow lower ieveis to
in the intenm, OSI{A weicomes any  exposed to asbastes is all industries be reiiably measured.
comments 88 any environmental efects  cavered by the current asbestes - 3 Poregraph (A)(3] Methodls of
that Wlh*‘w‘ e result &l“ standard /. general industry. . ﬂ&:z ﬁ: :.“‘ 4 new
promuigation af & rule ea asbetos. ction y © peragrep which permu
Nru.un 18 the authority of Section ”r';:pw::?‘-w;?n:,“u level! emnpleyers 0 reduce the permissidle

HoK1) of Executive Order 12281 OSHA exposure. As part of the ETS, OSHA  txposure Limit from the cusrent 2 {/cc
has net sred 8 Regulatory Impact ?s,nddin: nnm’:h mm' which sets & limit to the 03 {/ce limit by any lendicle

Analysis of this ETS. Preperation of sew PEL slfecuve imunec itely. of 0.8 (/  combination of enginer =3 contrais.
such an analysis wes 0t practicable for e aa an § hour time werghted average work practices and respiratory
OSHA 1o perform in ime 10 sue this basis. This reducad level may be protcnuen. The current requirament in
ETS to respond (0 the grave dungers achieved by eny feasihle combunation of paragraphs (e}(1) and (cH3) 10 firwt
fuced by asbesics exposed workers. engnesnng cantrols, work pesctitss and  ulilize engineering controls and work
OStiA. hawever. is completing a respirsiory protecuon in arder (0 sllow praciicas to reduce exposure ievels to
Prelimingry Reguidtory Impact Analysis  employers e Institute effective 3.0 (/s remsing unaflected by this ETS.
of the proposal is revise the permanent  measures te reducs employee exposures Flexibility in chsonag esmpliance
standard which will be made public ot immediately. sirategies (or the period of an ETS has
the time the propesasl is puldished. OSHA chosa 6.5 f/ce as ihe been incomoraied ia mest other

The Regulotory Flexbihiy Act isgible expssure ievel primanly previously issued smergency stendards.
requires Jn agungy (o Brepure & it believes thsat reducing The policy reflacts QSHA'
Rogulatery Flesibility Anaiyss saly for  employes exposuses 1o 08 [/cc in all dessrmunetion to craft emergency
thase rules {or whiek & notics of industries wril greatly reduce the nsk of  standards that are traly responsive to
proposed rulemuling 1o publshed. developing asbestoe induced eancers. smergengy eendignm and which afTord
OSEA's issunnce of an ETS therefore is  primanly lung cancer. mesethelioms snd  immedistely svailable protacuon (o
not covered by the Reguintory gustrwintéstinai cancer. As sct out in the  affected werkers.
Flexibulity Acs because the OSHA Act discuasion en “grave danger” and A Parcgreph (kN4) Employee
provides that ET5'¢ be laswed without “henefits”. the number of lives QSI{A information and reinwg. The ETS adds
regard to netice. public snmemeat and belleves may be saved through an 8 paragruph te the asbestos standard
other requirements i the immediate redurtion of expesure 1003 rquiring the ermployer to provide ¢
Administentive frocedure Act The ¢ {/eeis suhstanfial training peogrum within 30 days of
proposal (0 revise the pormunent OSHA siso helieves that the 0.3 {/ce publicstion of. the errergency standard
asbustus slandand. huwever is subject 1o level is sppropriste for several ather fer alf employees whese expaotures nre
the requircments of the Rogulatory 2 ressons. Virss, becuuse wn emergency reusonutly ogmud to exveed the PFL
Flenilulity Actand OSHA will eveluate  sundardmuat be (easible. and 0{ 05 {/ce. without regard ta tha usc of

i
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Silay

mn:ratm and 0 assure ;:M ail such
employces participale m the prugram
and gre informed of apecificd cutceovina
of information. Q$11A cunsidurs this
pesvision fe be “ within the
mesning of sestion 8(¢] of the Act. 10
reduce the grave danger facad by
asbestos expased gnpioyess. Thn
obeence of ¢ trrinidg progrum
requiremant in the 4sbestios stundard
has been pointed out g8 one of the
saricus deficiencies of the current
standurd. OSHA believes thut
participatiea In o adequate truining
program is essential for the prateetion of
employees Lecause Most protuctive
provisions enlist the amployce s sn
active pmt:(pn(. For exampis. many
emplayces handling asbestos depend on
;Em'h a. . limm“'
. applying
z: pretection would be
dtqn the employse plays s
mnore passive role in his protection such
88 where coatrols are relied
on. training is sloe essentiel Lecsuse
nust kagw the soorcos of
workplsce asbesios contamisation. snd
the health hagards of asbesias exposure.
in scder 9 822423 his ewn mm
siluation and o help recognize
engineering conurois are uma.
m M ekeeping
{a contrel.

Mm sbout quhmq
methods. fer exampls. frequent
vesuuming. is sssential. Purhape most
imperianly. where smployee pretestion

ds upen respiretor use. OSHA"S
experieace shows that traiaing
emplo ees ir. .2 use. fitting end
Umtations of Mll‘ll.ﬂ is critical 0
the effectiveness of respirstor
protection. Accordingly this requirement
applies where sirbemne cuncentrytions
sre resseaably expecied o axoved 0.8 {/
cs. sven if enpisyses use respirators (o
reduce breathing sene concantrations
and bey cseply with ’t:o(kmm
As sat forth in paregraph (k)}¢)

iaform the empieyes of

axposure:
the relutionship betweea asbestos and
smoking ia preducing luag cancer the
operuti smployees to

2rucetion
adds & new nmﬂ (kN8) which
inciydes a table which tios rompirutor
1efoction te the 0.8 [/ce PFL. Undier the
FTR ihe concentration cuteulTs e
vurious kinds of tespiruiors Are

" during the £TS The ETS

muluples of the reduced PFL of 8.3 (/ca
ruthet than multiples of the previous 2 1/
cc permissille limit For example.
appro-ed vir purdying resiiritons may
be used only where asbestos
concentrutions are AGL expected ta
excced § f/ec (10 % the PEL). Defers the
ETS. beesuse the PEL was 2 {/cc such
respirstors could be used where
ssbestos concantrations wauld aot have
exceeded 30 [/oe (10 x the PEL of 2 f/cc).
Simierly. pewered air punlfying
respirstors may be used where ssbestos
scncentrstiens de net exosed 100 times

_ the PEL. which st the new lavei ol 05 {/

ce is 30 {/ce. Previously, employers
could have used such respirsiors ot
concentrations up o 200 {/ce.
1t is likely thut the maia impact of the
reducad PEL om respirator choice will be -
(n operations sad (adusiries whare
Wur; leveis are between § {/cc and
cc. Formarly, snployees expesed (n
this range could use half-meek aie
purifying respirators: now they must be
protected by & pswered air purifying
respirstor ar 3 full fsoepicce respirator,
o they mey ues & supplied sir
regpirator, -
& Peregropt (kX6). Weming siyre
ey grs wrming of e !
e wam ”
hasards of asbostos be displayed at
lesstions whers sirbems soacantrations
ol ub«ur (ibn:‘s n?rd g\: reducsd
exposure limit of 0.8 {/ee. No specifie
legand is required & for mly
postad during the OSHA wishes
nh‘n as mct‘w;l:lc (7] nmhluo
rapid posting me. Nn“ y in
woeckplagss 1. .iare thare
previsas non-compliance end is srese
whare asbestos concantrelions were
formasiy below the 2.0 {/cc PEL
XL Public Patticipation
Interested permens are (nvited t0
submit v-vmu.:hu. views t;ml -
argemants with respect 1o the revisions
te the asbesios standard made by the
ETS. These commants must be
posimarked en or belore Ja 3. 1004
and scnt 1o the Docket Offless, Docket
No. 11-033C. Qcsupational Salety &
tHeulik Admimistration. U.S. Department
of Laboe. 200 Constitution Avenus. NW,,
Room $=0212 Washingten. D.C. 20210
The dats. views aad arguments that
sre submitted will be availubie for
pullic inspecticn and copying ot the
ebove eddress. All timely written
submssions will be mude s par: of the
resord of the proceeding,

Liet of Subjects in 79 CFR Fart 1910

tional safety and heulth,
Asbusion. Health, Energoncy lemporury
standard, Cuncer.

w pUP 0907269

Autherily and Signstyre

This Jocument wes prepured under
the direction of Thume C. Auchicr,
Assistunt Secretary of Laber for
Octupntional Sulety and lienlth, US.
Department of Laber, 200 Conatitytion
Avenue. NW, Washington, DC M310.

" Pursuant te Sections &b), 8(c). 8{e} ani

Ry of e Ace 2V CFR 11010 i
amended by adding ¢ new R (h
08 et forh below.® | PeruETeph (b

(Sncs. &(b). &(ch Me) and aig). Nl L 91-50
04 Steb 1540, 1508, 1500, 1600 29 UKL U3
A7 See. 107, b L f1abt, &3 Sint. 80 (40
US C 3331 20 CFR Purt 1911; Sewetary of
Lelsor's Ovder Na. 0-83 (¢4 FR 38$720)}

i ot Waghiagtea, D.C. this 2nd dug of
Bigned ml&l‘! u

Thome G. Avaliter,
Asivtont Scarviary of Lotue.

PART 1910-~{AMENDED]

Sectien 18101001 of Part 1910 of Title
28 of the Codn of Pederal Muhum is
hersby smended by sdding
peragraph (k] resding s touows.

§ 1990.100%  Agbectss.

(x) Emergency lempercry siandard
g;clinMWC. l&—(g S:p:
emergency cmporary stands

lnull.:mm 10 soction §(c} of the

spplies o all workplaces when
ampioyess may be to asbesics
hcﬂhdmﬂumwmm
including, genarsl industry. construcuor
aad mﬁu.&au 19 the extent
maodified by this emergency tsmporary
stundard all argvisions of § 1910.2001
romain in effect.

(3} Permissibia Jevels of cxpasyre.
The -hout tme-werghied sverage
sirborne cancentration of asbestos
Nibers 0 which sny emplioyee may be
wxposed shall aet exceed one-huifl (O8]
{iber. langer than § mucrometsrs. per
cubic centimater of air. 8 determined
by the mathed presenidad in parugraph
(e} of this secrion.

(3) AMfethoc’s of compliance with the
emeryency lemporery standard.
Nutwithstanding any other requiremen
of this section. compliance with the
reduced exposurs himit of 0.8 {/cs shnl:
be schisved by any feasibie
combinaiion ef engineenng conirols.
werk pructices. and parsesai protuctiv
oquipment and devices.

{4) Employvee information and
truining.==ii) As 9008 as possidie, but
not later than thirty (301 duys fom the
effective dute of this emergency
tgmporary stundard. the empluyer shu

{nstitute o training program fue all
smployces expoted to airborne
Jconcaatrstions of usbesios in exerxs ¢

3o

(@2}
(fS)
~
[N
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A3 {/ce. without regard 19 the vee of parmgraph (g)(1) of this sction. legible  displayed ot esch location where
sprrutony and shall sssure theie s1gne waurning of the heulth hazards of sirbome concantrations of asbestos

participation i the program dunng the ssbestos shull be previded and fibars muy exored 0.5 {/cc.

aflective perod o_i;hll emergency

temporaty stundard. .
{ii] The employer shall tnun that TABLL 1

sach such employes i of the

v . Retsiratary Protaction

following: .
{A) The beslth eTects sssocisied with For Airserne Concentrations of Awbestas .

asbestos e2 3

(Bi The nuuonmp between ssbestos
and smoking ia producing lung cancer:

{C) The nature of operstions which Airserne Cancentration
could resuit in exposure 1o asbestes and o7 _Atdestes (TWA) Atgyires lu!mm‘
necessary protective sicps (0 minimize
exposure ncluding. as appiicable. Mot ia excasi of § f/ec Leusenle or single yse atr
snginearing controls, werk practices. VIO R PEL) purifying resprrater
;:&‘{Eg.“' houseiseping and protactive s 1n aisens of 50 f/es Fell facaptece ate

perposs. prover \ 1 . purifying respicater, or 4

mmt;‘wimud um:uummo.(' Suine dovered ate purifying res-
‘r?:imm permitied by the sandard: pirater

(E1 A review of all the ons Greater thas & f/ce ' :'tm':;.mum fiow
contained in 1910.1001. susplied ate m.ﬁ.m.

(8} Nespirciory protection during the
ETS. Nowwithsianding any ether \
requirement of this section, where Respiratars specifiad for Nigh Concentrations Gay Be vies 4%
respirators are veed (0 schiave the (quer CORGRALPALINAL §f 4thestes,
permiscible exposure limit of 0.8 f/ec -~
they shail be selosted ecearding o :
Tablet. - {Seca. Ll $e). 0c!) and gl Pub. L Nt-a08 USGC 333: 3 CTR Part 1911, Sacratary of

(8) Warning s:gns dumrng the K73, In 64 Slat 1503, 1308, 1309, 162> 33 US.C 838 Labor's Qeder No. 9-03 (48 FR 3573611
.ddition 1o the requirements of &7: Sec. 107. Pub. L, §1=34. 43 Siat. 08 {40 2 Don, S0 Mot bl 18 g

’ . SLLAS SUDE W00t
e
P -
-
L -!
e DUP 0907270
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V. Eavireamostsl Imgect. the af (0 escertals whether .mploym tmust be abls ts ] ]
Requirements of Lxecutive Order 12291, mr;m under the Regulatory Flaxidility  the standard in o shom pm:,:’ 5;-‘.(
and the Reguistery Flexibility Act Act is mquired. OSHA has set & Irvel which 15 likely to

Act (NFPM :‘ 1900 ‘(:.tc 321 etseq.) TS :(u(m(dmd mmm."m that
C Fart1500) o e Covet oo 40 The requirements o this eaerpency " Gocced OBHA beteves, based oa the
Envirormental Quality (CHQ). requires P37y standard are set 0wt iR 806W (g generatad by OSHA's contracior
that federnl agencies sasese theie § 1m0.1001(k). Thay are Rasearch Trisngle Inatitute. that some
regulatory actions 10 determine f there 2 i10d 10 additional previsions to the g0y /5000, sepectally in the

is & potential for ¢ sigraficent impectvn SN 10eetoe standard which OSHA  gonyfycruring sectar. may be alose to

The Nationa! Enviconmental Policy VINL. Savmnery'sod Explenstion oihe bt echieved nnedistely. uaing

the quality of the human enviresment  0084den sasential and feasidie 0 schirving 8 63 {/ac leve! thraugh the
protact employess from the grave
tnd.lnu:’uy.um“:un 'mh.““&'m“ mﬁmudw::ag
In sccordance with these OSHA cen promulgets more housckoeping methods which are sow in
uirements'and DOL NEPA oclgrabecs. ve revitiend I8 sasardencs o500 OFHA eacourages empioyers o
~ with soction (b of the Act The major mMMUhﬂ:unnmc

reguistisns (38 CFR Pt 11 {Subpant B, changee in the standard made by the
ﬁ"u‘.‘gﬂi’ of the m':y nature of ETS are: (1) The sew mhl.: n m-.uhl lc: m:::{::::
this standard. 0o eavireamental impact sxposcre level: (3) metheds of

OSHA ETS Manufo . secsss theso sshesins exposures iess then 08 {/ce
Asseastion v. US. o[uL %&hmmrgmﬁ,‘. sheuid be open for disouscion during ¢
438 F24 00 307 (3rd Cir. 1973)). OBHA qqqitional praviticns ts trigger corsis,  Semaking rether thas imposed
will assese. Eowever, st th reduced permissinie  thrOugh sa ET2. bas thervfare not
effects of the prepesed Jovel of 0.5 ffee. sdoptad the 8.1 L/oc level petitioned by
reguiation of ashostes. The results of 1 (A1) Seape. Aspart ol ‘20 Wnions bt incteed is sensidering
this sy will b avedabi for review sy 3170 . obding previsions i ke wberies
4nd commert priar 16 the hesrings s scope sienderd (mpreve
the prepesod permanent standard and on the .::4.4...“::.,“ nlhhﬂlrdha-nh‘:dlub‘l‘l
will be an ™ for the emergeacy siandard applies w all hhlm'd-nmi: permanent

mhmm werkpiocas meybs = Venderd and b lower lavels 10
I8 the iaterim. OSHA welseses 807 oxpeand t0 arbestes in all indusries U8 Telably mensurnd.
comments ea asy eavireamestal ¢ffecs  covared by the surreat ashestes tmagmd
htﬂumcn‘wd swadard jo. genaral indostry, *"m adde s 30w

L} - ! ey !

he of Section Y “'(‘. Permisebile ampioyers te reducs the parmissible
Ma)(1) of Exeentive Order 12301 OBHA  ofampornn. As part of the ETS. OSHA  pucure limit frem the eurrent 2 {/cc

{aced by sebestes capaced workers. sagintariog controls. srark preciess aad © Silss

contrels
OSHA. hewever. is [ FOSpirnary prowetiss in erder to slle— practic 3« 19 reducs exposase lavels 1o
?&-mh‘g\d‘th mﬁ.wm ut/cm:mmuwm
proposal te revise the permaneat  meaNrts 18 raduns ample Pansbility
riandard which will be made publicst  immedataly. VOO CXPORIL  erutegien fae the paried of 48 TS has
ﬁmmh h”“r;‘- - -~mmum:=~ o Heen naerperated ia mest . dards
@ Regn Flaxibliity onpeawre
muac::yquc m-mum ' policy refleas (]
Reguistory Flex Assiysls suly for ampisyes wosl/cimall . detsrminstian e aralt emergescy
these rules for which & aaties of iadusizics will greatly reclarn the risk of  sandands that ove wuly responave |
hgﬁb‘- ashestes imdumd cancers.  -emerpency sanditions end which ¥lord
OfHA's ssuance of a3 Garefareis  primecily canstr. Mess thelloma - unedistaly avalable pretwction 0
nat coversd by the sanaur. As st sut @ the effected werkers.
Flexibility Act besoeas e OSHA Act gusmn"ﬂn od S. Paragresh (1 )¢} Employee
provides that £T%'s be issued witheut “Senelhis”. B8 manber of . and The ETS adds
regard o netics. pubiic sommant snd belicvsa ony s avad - « perugraph 10 he sshastes
other e the - < immediste reduction of expreere @ 63 the ampieyer 1o provide ¢
Administrative Procedwes Act. The /et is suherantiel Weining pregrom within 30 days of
propotal 10 revies the permanent OBHA aiss betievis thet the 0.5 {/0s -:Nhund‘hmuuurd
:hs’u-mmndut’h‘rmhwu hvdham::hmm d?’bm-i:um*:a
requirements of the Regulat . recsous. Fient, wen a8 emmergency seasenably expecied to exceed
mxs;tacyAaawos&A-m:vwdu\- sundard st be feasible. and ol 03 f/ce, without regard ta the wss of
153260
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Mprlleﬂ. and 10 numul’bnt all such
employees perticipste (n the

nn:cn informed of lnde categories
of information. OSHA considers this
provision te be “necessary” withia the
meaning of sectioa Kc of the AcL te
reduce he grave danger (aced by

bas been pointed eut as ons of the
serious deficiensies of the eurvent
standard. OSHA believes that
partcipetion (n an adequate training
progran is essential for the protection of
employses becauss men pretective

B otvs puricipans For coammter soon

s or exam

employses handling ssbeetes dt:' -
affective work practices. Withont
training (n epplying these work

Ctices. ayee protection would be
i Ao o o

the
warkpisce ashestes contaminavor. and
the heaith hasards of gsbestes exposurs.
tn erder (o asesss his ewn expeswre
situstion and 1o help rovegnise when
contruls are hot opersting
plays aa importzat rels s asatrel.
instruction .

ETS.
vanous kinds of respiretors are

S

multiples of the reduced PEL of 43 {/oc.
rather than multiples of the previous 21/
cc permisaibie uﬂ-’u For exampie,
appraved ol purifying respurstors may
be used anly whaers ssbestos )
mocantretions are not expected 1o
axceed § [/cc (10 x the PEL). Before the
ETS. becavse the PEL wes * f/ee such
respirstors could be used where
esbesins concentrations would aot have
exceedod 30 {/cc (10 x the PEL of 2 {/cc).
Similarly. powsred air w
respitetors may be used whare sebestos
concenirations de aet axosed 100 times
the PEL. which st the aew level of 0.3 {/
e is 0 f/ec. Pravieusly. employors
could have esed ruch s et

. It lo Nkely Gat the main impact of the
reduced P.n.u respirater ahelos will be
s industries where

& Perz- v k8] Warning

g the £75. The ET requres

signe werning of the beaith -
displeyed

Ust of Sabjors i« 30 CIR Part 1910
" Oemegations! safety snd bealth.
Aziosres, Heelth. Emergency

temporary

stasdars Casene.

NOV!!‘I 4. 1983 ! R Reguiations

i1y

Autherity sad Signawre

This docament was prepared urder
the direcrion of Tharee G. Auchrer.
Assistant Secretary of Labor for
Occupational Salaty end Heaith. U.S.
Deparunent of Laber. 300 Constitution
Avenve NW, Wadhington, DC 20210.
Pursusat 10 Sections &(b). ¢(c), &z} end
g} o::a .:a. 2 CFR 1910.1001 is
wnas addiag s new peragragh
45 st forth balow. &
(Semn o). Met et and Wyl Pub L 01308
68 Seat 1008, L1000 1308 1000 33 USL il
22 fan. 100, Pob. L. 01-34. &3 Buat. 08 4O
USC 3335 39 CFR Port 1011: Secretary of
Laber's Order N 9-83 (48 FR 33738))

oW B this 2nd day of
Signad ‘.l.i“‘. s y

l_‘u.
Assistant Searecary of Labwr.

PART 1910—{AMENDED}
Section 1910.3001 of Part 1910 of Title

wub‘u—mmrv
all previsices of § 1910.1001
!-nhhdul..

any ether requirements
of this section. complanca with the
reduced exposuse limit of 0.3 {/cc shail
be schieved by any feasibla
osmbination of enginsering controls.
werk prectioss. and personal protective
equipment and devisss.

(4] Ewpényee informetion and
m-“ AN N .

e 0h ﬂ"il' o ;, Lt
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haat reeard i ihe oes of 1) of this section. legible displayed of sach location w
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BIRIA™ Gurine th 43068103 ] M‘k

empor: : . ;
w’rrg’o:m.,.wmmu, . . ’ TARLE 1
each ruch empioyes is infermed of the

following: -

lmmury fretsctian
for Airserne Concantrations of Asbastes ,

Alrsersg Concontration

2 Asdesten (Tua) _ Aggyires tespirater!

Mt (s eacess of § f/cc Leusaie or siaglg yiq g1e
{103 reL) purifying resprrater

Gt 19 encoms of 80 f/ce Full facepions ofr

V100 X ML) . m\f::.numur. o

PouEres 410 purifyiag rese

" ) " preater
Groter taen & /e . A tPe “C° camtinueus flew
® pressre

sonang,
Wepites a\r resprrater,

~
! Raspirarers sancifios for Nigh COMCENTrations My be used ot
{owae Cancantrations of 48Destes .
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T0: OH COORDINMATORS

oars. 11/9/83

FROM: S & MiLET

Enviconmental Aftsin
Patrochemiesis Daperarunt
3488 Nemoun Bidg. ~ Ext. 45087

Puste far For for ot o
Duans Ap- As ntp~ Ferany
we peewsl | W | manen Te s

oty and | Foruovees
L 7] Par Yaue
Yo Sonupe fogmet

Asbestos ETS. Please
training requirements

affected employees within

30 daxs

T WRNguHOY
© ES.F\ (:P\;sNCM\eE>

CT'C\‘S\AP

~From" PR %«@5-#‘-

of Yo Qsbestee

j .(‘) wwld 'S aCOP\“ &{-andafd uxn qd?h,n
a"wjz ble limi4 Crom @ +ihea

40 he “g& C”‘;;Lfda"ia “ o

bt

Y. Ser W Standad
Ldﬁ‘%s OF' all Hems yhot Must

L J--LRJ~:\ ca

note
for
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V11 Eavircamental (mpect,
Requirements of Exscutive Order 12291,
and the Regulstory Flonihilizy Ast

The Nations! Eaviroamental Policy
Act {NEPA) of 1908 (US.C €321 ot seq.)
a3 umplemented by the guidelines (40
CFR Part 1500) of the Coundi ee
Environmental Quality (CDQ). regaires
that federn! agencies eesese their
regulatory sctions to determine U there
is & povential for o siguificaat mpact on
the quality of the human enviroament
and. ¥ nsceesary. te prepare aa
eavironmentel tnpact statement.

In scoordance wmith these
requirsments'and DOL NEPA
reguistions (23 CFR Part 13 {Subpart &,
11.10 (8} {4))} OSHA had determined
that because of ths emergency nature of
this standard. no environmencal impast
statement will be perpared for the ETS.
The courts have heid that NEPA dees
a8t require sdvance preparetion of an
snvironmental impact statement for an
OSHA ETS (Dry Colur Meau/mun‘z .
Assecelion v. US. ngnt of
488 F 14 98. 107 (3rd Cle. 1073]). OSHA

858284, bowever. the en

preposad permaneat
tioa of asbesise. The resuits of
:: study will be lvdl;:l;‘l:m review
asament prior 1o [
the prepesad ::-num standard and
Cacunsion o 0 pubte hearig
8 4t the 3
In the interian. &HA m&u (137

that might oceur g5 o result of
poomuigation of 8 rule e asheiocs.
Purssaat (o the guthenty of Sscuon

a1} of Executive Order 1201 OSHA
has no? prevared a Poulatory lmpact
Analysis of this ETS. Preparatios of
such an anslysis was not practicabls for
grs;u o ’;?dm :'um " dug:l‘
io ree 10 the grave
{scad by sabestes exposed werkers.
OSHA. hawever, is completing 8
Praitmuinary Reguistery Impact Analysio
of the propasel is reviss the permenent
standard whick will be made public at

the time the proposal is published. . . .-

The Regulstary Flexibility Ast
TOQUITES BT AQENCY 10 PIEBATO S
Reguiatary Flexibility Asalysis enly for
those nl‘u for which & natice of
proposed ruemsking is publmbed.

a\::vi:l by thl‘l:ﬁ'an fare s
net tory
Flexibitity Act boasise the OSHA At
provides that LT85 be insued without
mm::d te aatica. public ‘:-m and

. .
Adminiarative Pracedare Act, The
propossi ta revies the permanent
1sbes108 standard. howsvar is subject @
the requirements of the Regulatory
Flexibibty Act and OSHA will evaluate

-
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i

;-ployon st be eble 15 comply wn

the proposal (e sscertain whether
is under the Ragulatary Flesibility  the standard ia & chort period of time,

Act i3 required. . hosmdu:::duuhalwmaulhkyu
L. [ amediately.
m' ‘n"? sod Zplenston of the equipment and muiw echtiques that
an w, svells

The requirements of this snergency *. feamd OSHA believes. besed on the
hlm’z stendard are sat out (8 8 AW dgip genarated by OSHA's contrecior.
rrgn § 110.1071(k} They are Rasesrch Trisagie Institate, that some

mited to edditiensl previsions le the warkplaoes. sspecially ia the
tnisting asdevtos sumderd which OSHA  g4nufycnuring seciar. nay be close to
osasiders eesantial and fonsibie o achieving ¢ A8 [/ex level through the
pratect emplayess frem the grave more rigorous wee of eagiscaring

resuiting frem sthares expouere  uuueis werk prections and

il OFHA can promulge e more Rousekoeping methods which are sow in
comprehmsive revisiens in scserdance paca. sosewages empleyers 1o
with secion ':(b) d‘ﬁ;‘ Act. The BSI6r  oogiinne their offorts Lo implement tese
changes i the standard mads by the metheds ia erdar ts assure that. for the
ETS are: (3) The new parmiseible long term, the meet comprebensve snd
xposwe level: (1) metbeds of ) oflective program of protection trom
corapliance permitied to schieve the ashentee expoeure will be provided.
aew iavel and (3) & requirement for e gy OFHA believes that reliabiity
establishment of training pregrame of the currently required acbestes
within 30 g‘n The following “:’"‘ Beusurement Bethods is Bassare
discutees the major provisions of the asbestes expOsures less than 04 [/ec
ITS. e Decesity for nciuding thase (L 008,00
provisiens a the ETS. snd some mhum':: ruther than mposed

edditional provisions t@ wigger sartala

Jevel of 08 {{on. .
1. Peragroph (kX1) Scope. As part el 8 nions but htead
he IT3, h.“w‘,‘."m’., “‘r«u-mm
on e sozpe of the sta The o that sy
mumm«aundum'.“iﬂvﬁ,m Mm
e et standard ead e e e
expased to askasten i all induswries by messared.
cavered by the surrent 108 8 Paragreh (AX3] Matheck of
stsnderd /e genersl mdurry. eompliance. The ETS sdds ¢ new
esnstractan end maritime. soragraph (k)}3]. whish permits
& Parvgreph (AN2) Permissibie lavel amployers @ reduss the e
of expesure. As part of the ETS. oxposwre Imit frem the cwrrent 2 f/oc
10 adding peragreph - }(2) whish setsq  Umit 10 the 0.5 {/oc Umit by a2y leanible
sew PEL effective immediately, of 05 {/ Mﬁ-drﬂwm-
o om on § bowr tine weighiod avernge  WOrk JRACliCas 484 respirstecy
betia. This reduced nay be prowaction. The cusreat requiremient v
athisvod by any loavible combination of  Paregephs (c)1} and (c}{2] o font
sagiatering sssirele. werk praciions end  ®ilise eaginerrisg contrals and work
protaction is erdar ig allew  Practios reduce rxpoere levels to
smployws te instityus effective urlcm-AMh!lum
mesares i reducs sapieyes expesues Flexi mmpliasce
mmediately. - v ree strutegies for the of a0 ETS bas,
OBHA ahoes 34 {/es o8 th - s ta mast other
:::Mnmbdm VV""“"""‘."'"‘"‘"“‘
Ihlisvee vt mdicing ¢ pelicy reflecs OSMA"Y
aspieyne sxpurm w08 e mall © . delerminstion \o tYaft amargency
dusirics will greauy redean the riek of  Standards that ere tuly responarve to
deveioping ashesios induerd sancers,  -emerpency senditieas snd which tfford
primarty cancer. messthaliome end - immedisialy svallable protacties to
m-lm.hm:hm tﬂ:ﬂdm-;") e
8ie% oR ve danger” . Paragroph Emple
w.u“:mrﬂmm. informeton end training. Tha KTS sdds
believes may be caved through an 2 peragraph A» the ssbestes standard
immediate reduction of rxpeswe o 03 . te provade ¢
/ot is substantsl weiaing program withis 30 days of
OTHA sloe delicves that e 03 1/ ':buamd&maqnuwd
T o e e e emaraene ey eovetied to encaed e P
o meseasbly ¢ o
m:;::thh.:iw.m i dullaa-mquimhuul
X ks
163250
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respirsiors. and (o sssure that all sech
em participste in the
snd are informed of specified o
of information. QSHA considers
provision 10 be “Recessery” withia the
meaning of sectiea §(c} of the AcL 10
reduce e greve danger faced by
ssbentas expoeed employess The .
sbeence of 8 waining progrs :
in the n‘mu standard
has bemn pointed act es sne ol the
seriows deficigncies of the cmrvent
siandard OSHA believes that
paricpation in an edequate tulnitg
program is essential for the protection of
smpleyees becsuse e peetestive
provisions ealist the anvpioyes os an
active perticipent. For sxample.
empl handling umh

categorins
this

. caployee vhvu
mare passive rele in bis
ok ..m:....

inciudes 8 1able which Sies respicater
selection i the 0.3 {/ec PEL. Undaer the
ETS. the concestratioa cut-offs for
vangus kiads of respirators are

m-nm.'

Bﬂlﬂﬂd&onduﬂd’ﬂ.d“l/«.

recther than multples of e previeus 21/

o permissibie u.fn. For sxample.
spproved gir punfying respusions nay
be wsed only where ssbestes .
@neentretions ¢re 0ot expecied 0
exceed b I/cc (10 x the PEL). Befoce the
ETS. betaver the PEL wes 3 {/oe. such
respiretore could be ysed where
asbesios concentrations wouid aot heve
nuodod 20 {/ee (10 x the PEL of 2 {/cc).
air purifying

mptmm my ¢ weed whare sebestos
concsnirations de sot exceed 100 times
tise PEL. which ot the saw leval of 08 {/
o is 50 {/ac. Pravienely, emp
could bave used such ogel
coocentrations up 1o 200 1/ee.

. 1t is Mkaly thet the Bain impact of the
reduced PEL on respiretor choice will be

utcymuum
e,

XL Public Partiaipetos

Interasted oraens ax invited 10
m-nmuum&u
argumenis respect 10 the revisiars
®» e asbosies standard made by the
mhn:‘mn?:n’:th s 1086
prstmert od o3 or belore Jansary
ﬁﬂ&m«nﬂizmt"
8
Haelth Administratica. US. Deparanent
of Labor, 200 Constitution Avenus, NW.,
Reom $-4212 Washingten. D.C. 20210
The dots. views and arguments Uit
mwozuﬂudwﬂ.:t‘cnﬂnhl’w
inspection mmn
obnuunu.umly tten
submicsiens will be made 8 part of the
proceedung.

. record of e

Lint of Subjerts in 30 CTR Pant 1010
" Ocospational safety and health,
Asbesos. Health, Emergency temporary
standard. Cancer.

Autharity snd Signature

This document was prepared ynder
the direction of Thorne C. Aschier.
Aasistant Secretary of Labor for
Occupations! idm ond Health US.
Deparunent of Labder. 300 Constitution
Averve NW, \Qmihmu OC x310.
Purssaat (0 Sectiens 60 §(c). Ke) and
uwuusmmmm -
amended by -ddhn o naw paragraph &)
a8 sat ferth below.
mmuuesuuu Mb. L nt-a
00 Siat 181 180 LM 100K 2 USC. 683,
017; Sen. 107, Pub. b 81284, &3 Siat. 98 (40

USC 323k 3 OR Port 1111: Secrvtary of
Laber's Order Na. 583 (48 IR 3570)}

i [}/ 0., thio ad day of
Sigrad dﬂm i Y

Thems §. Asabonr,
csisres & of Labee.
PART 18 10={ AMENDED}

Section 1910.9001 of Pert 1910 of Title
.olhc.d;:‘l:;dnllhﬂhmmu
bereby sman sdding ¢ sew
p,nmpimnduuubm:
cmo.m m

*

ﬁ R NCY (RS0 agiy
=TT W GTT il ..muz:u op

! WMperEry sun i

Mn‘u’lm: Il-d:ltc':sh
['] '

emplayess msy be exposed 1o ssbestos

:d.gdumdm 4 mﬁu
[ t-]]
ndmm.mua extent
“ﬂdzml smergency lamporary
“mdl 1910.1001

{3] Methods of compliance ;Z'm the
SMLLPEICY MPOrery $L8040
Notwitntanding any sther requiremasts
of this saction. complience with the
redgeed hmit of 0.3 {/ce shall
be by any leasible
combinatien o enginsening controis.
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9.5 ffce. withoyt regard (0 the nep of
$DIT8! nd gh i
sricipation | uring the
eflectiv ol this eme
{empaorary sta .
{1i] The employer shall asswre that
::u such employes is informed of the
o -

(A) The health pffects associated with -

» 8 DUFDSE4 aiin b I o
{nstructions limitati
respirstors permitt

E1A nﬁg a& sll iﬁm
toatained | g
spiratory protectian during the

£ETS. Notwithstanding sny other
requirement of this section. where
respirators «wre used 6 schicve the
permissible exposure limit of 0.5 f/cc
they shall be selectad sccording to

Table 1.
()] Wamig sie0s during the EXS. 1
eddition 1o the requirements of .

le displayed st esch location w
1 may exceed 0.8 f/cc

TAsLE )
Respiratory Protection
. for Atroorne Concentraticns of Assestas ,

Afreorne Concentration

8f _Asdestot {Twa)

ot fa excess of § f/cc
(10 1 PEL)

&' i excess of 30 f/cc
100 X PEL) .o

Grester tham & f/cc

&Sru lu!'nur)

Reutadle or stingle use gir
Nrifying respirator -

Full facapiecs air
puerifying respirstar, or o
powered air purifying res~
preator

A type *C* continuous fiow
o prassure Semend,
wppliee 2\ respirator,

~
1 Respirators spectfied for Ri1gh concentrations say be used at

iGwer concentrations of asoestos

(Becs. &(b]. &(cl. 8(c) and 8(g). Pub. L 91-508.
4 Stat 1383, 1501, 1509, 1000. 29 US.C. 435
887: Sec. 107, Pub. L #1-34. 3 Sist. 98 (40

USC 333% 20 CFR Purt 1911, Secrewary of
Labor's Order No. -89 (48 FR 3573¢))

nn-..-znun-“nu—o
SRLEM CON %400
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TO: OH COORDINATORS

pate 11/9/83

FROM: $. 8 MILET?
Snvironmentsl Affsin
Petraahaminsis Deparmment
8482 Nemours Bidg. - Ext. 4se97
Passs | Per Sor for Notoond | NOwane | Forwnreed
Ceams | ap a -~ e
W | sovet | wwmn | mesen | T e ,."':‘“

Asbestos ETS. Please note
training requirements for
affected employees within

30 days.
“To. WRVaw HOY
S A Cuinenes

C—T’C\xSu.p

/fF(:OM‘~ DC %KQLZW‘ DUP 090724,

Qb!ﬂohzd S dcoep o\c We Qsbestos

s.-&andard In gddidor
Yhe Qilo oble, fim4 Crom QFibus

img{i %&cndarmw‘%
304% of all t«k,m.s vhot Must

C&M ;Csu. ?‘tﬂ docyrmant %s ‘t:ﬁa,ﬁ

LS O Al ;\ % copy J 3278

573

T ——— e T —— e

e —————
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E7LOYEE RELATIONS DEPARTMENT

CC: R. R. Boneczek - Adm
Wi 1o . B. W. Karrh, MD
ilmington, Delaware g, g. Culpepper, D
ce US O3K Gerdalr 3§ Zaee Jr
- . L. C. Schaller/Supervisors
[ For ochom D. G. Windsor/Consultants
' A

1 6’252:2 sbestos Issue Coord. Cémm.
o \./\1‘

1983 November 10

| SN \"' E -
T0: p'z‘;{,amnm. OSH COMMITTEE
mor;/n. L. ADAM—=T 1\
/" SAFETY & FIRE PROTECTION DIV. SRETEE A

ASBESTOS EMFRGENCY TEMPORARY STANDARD (ETS)

Attached is a copy of the ETS with a Summarv and Explanation
by OSHA. These communications are straightforward and fairly iucid.

Specific Comments

Paragraph (k)(3), Mechods of Compiiance with emergenc
tempora standard. The TequiTements in Chis para:-aph are very
pergormnncc oriented as far as achieving the 0.5 £/cc PEL. Use

of proper raspirators without further study is acceptable. However,

this paragraph does not erase the regui:ed hierarchy of compliance
methods in (¢) of the standard in order to achieve the 2.0f/cc level.

Paragraph (k)(4), Employee information and training. The
training recommendations in Lngineering Standar if used will
satisfy the ETS requiremer* to 'institute a training program”

within the 30 day limic. <The only detail not spelled out in S 4 T
is (K)Y(4)(ii)(E)-"A review of all the provisions contained in 1910.1001

Paragraph (5) Respiratory Protection During the ETS. This
paragraph established new Tower levelis of airborne aspestos (based
on the 0.5 PEL) for use of various types of respirators - note Table I
The result is that respirators with higher protection factors will
have to be used in some ‘'xposure situations for which 1910.1001 allows
a lower factor. For exazple, a single use air purifying mask was
acceptable in an atmosphere containing up to 20£/cc. Under the ETS,
this type of mask is acceptable only to 5f/cc, so its use will have
to be discontinued in favor of a powered air purifying respirator,
a full face purifying respirator or supplied air respirator for use
in the 20f/cc atmosphere.

Please compunicate vour questions or comments to H. L. Adaz,
S&FP, phone 774-1902.

A meeting before the end of November will be arranged if that
appears appropriate. Let me know.

580
HLA:gic

Attach. 4

pup 0907282
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Vil Eavircamental impect,
Requirements of Exscutive Ovder 12911,
snd the Reguiatory Flaxibility At

The Nations! Envircagental Policy
Act (NEPA) of 1900 (USE. 4321 ot seq ).
as impiemented by e itvag (40
CFR Part 1500 of the Cocacdl on
Envirenments] Quality [CEQL requires
that feders! sgencies assess their
regulatory actions (o deiermine J there
is 8 potentis! for & sigmificant impact on
the quslity of the human envirogment
and. if secessary. tc prepare a8
snviracunental impact stetement.

[n sccordance wmith these
requirements snd DOL NEPA
regulations (28 CFR Part 13 [Subpart B.
11.10 (8} (4}]) QSHA had determined
thet because of the emergency nature of
this standard. na environmenta! impact
siatement will be perpared for the ETS.
The courts have heid that NEPA doss
not require advance preparstion of aa
snvironmental impact statement fee an
QSHA ETS (Dry Colar Manufaciuring
Assocation v. U.S. Deparimaent of Labor
<88 F.2d 08. 107 (3rd Cir. 1973]). OSHA
will sasess. nowever, the environreental
sffacts of the proposed permassu:
regulation of asbestos. The results of
thus study will be available fer eview
and comment peioe 10 the hesrrags on
the propocsd permanent standard and
will be an spproprnsie sue for

discugsion at the public heanng.

[n the interim. 8£HA welcomes any
comments o8 any envirormaental sflects
that might occer 83 8 rasuit of
peomuigstion of @ rule sa asbeios.

Pursusat 8 the suthenty of Section
& a)(1) of Executive Order 12280t OSHA
has aot precared a Regulatory impact
Ansiyus o: ... ETS. Preparstion of
such an sxalysis was 2ot peasticable for
OSHA 10 perform in time te (ssue this
ETS to respond to the grave dangers
{aced by ssbestos exposed weckers.
QOSHA. however. 1s completing 8
Preliminary Reguistory Impact Anslysis
of the propasal 10 revise the permanan
:;anurd ':hdl will lhi.o nﬁmm at

¢ ime the proposs

The Regulatory Flexibility Act
requires an cy te prepere a
Regulatery ;l::bnm‘ Anslysis enly for
those r:dmmf;mm;md
propos making is gublmbed. |
OSHA's mm of a0 KT8 tharsfere is
not cavered Regulatery

Flexibility Act doesuee the OSMA Act
provides that ET3's be lasued without
regard 19 notics. publis comment and
other requiremonts ia the
Admmustrative Precedure Act. The
proposel 10 revise the

the propesal (0 ascarisin whether
enalysis cader (he Regulatory Flexibility
Azt s requuend.

\l/_rﬂ;. Suwnary wad Exp'srstion of the

The requirements of this amergency
temporary standard are 481 0ut in & new
ragraph. § 1110.1008 (k). They are
mited to sdditionsl provisions (o the
suisting esbestos srunderd which OSHA
cosnuders vasential asd feasidie to
Lo e T

rasulung atbesios exposure

until OSHA can promulgate mare
comprebansive revisiens ia accordancs
with section (b} of the Act. The majoe
changes in the standard made by the
ETS are: {1) The new permisaible
exposurs level: (2) methods of -
camphsace permitted te schieve the
new level and {3} o requirement for the
sstablishment of training pregrame
within 30 deys. The following section
discusaes e major grvistons of the
ETS. the sacetnsty for ncisding these
previsiens in the £T3. sndd some
esddstions yravisions 10 wigger oentain
requirements ot the reduced permissible
tevel of 0.4 (jee. ’ -

1. (hN1) Scepe. As of
HQMB 4 . .mpt
onthe scopeei the o T™he

peregraph is intendsd 0 make closr that
the applies to :I:

fmnedigtely. .
b e b et
sbis eupuiwre y
m 4 balieves u:n .t;t‘;w: o
ampisyoce exporwres (3
industnes will gready redwse the risk of
developing aabostes induced oereers.
primenily cancer. mesothelioma sad
gostreintestingl cancer. As set wut in the
discussion on “grave danger” and
“beaefits”. the number of lives OSHA
bebeves may be saved threugh an
immediate raduction of sxposere @ 0.3
{/ce ie substantial.
-OSHA als0 beligves that the 0.3 f/ec

parnanent
ssbestos suandand. however is subject o level is sppropnate for several other

the requirements of the Regulatory
Flenibility Act and OSHA will evaluste

reascns Fust becauss an smergency
standard must be {ess:ble. and

is the §(b] rdemaking
standard and thus

Federsl Register / Vol. 48 No. 2185 / Fridev. November €. 1983 / Rules end Regulations

employers must be able to comply with
he standard in & shor penod of ime.
QOSHA has sat 8 level which 1¢ likely to
be schuieved immediately. using
equipment sad comtrol techruques that
are currently available. ’

Secand. O8HA balieves. based on the
data generated by OSHA's contrastor.
Research Triangle lastitute. thet some
workpleass, sspeielly 1 the
menufacturing secis. may be ciose o
ochneviag 8 08 (/cc leve! through the
nore rigersus use of engineenag

werk prectices and

housekesping metheds which are now in
placs. OSHA encourages employsers to
continue their efforts 10 implement these
maethods i erder (o assure that for the
long term. the mast comprebensive and
effective program of protgcuoe from
ssbestet sxposure wiil be provided.

Third. OSMA believes that reliabdity
of the currently required ashestos
nessurement methods ta Bessure
asbestes expasures less than 0.8 f/cc
Piemetng S e ot e

n 1
through an ETS. OSHA has therefore not

. adopted the 03 Lae level petitioned by

the umiens bt instead is sonndenng
edding pt::deu tathe ui::u
etandard thet mey inprave

reliabdity of beth vampling sod enalysie
for the permaneant
be reliably measured.

3. Perogreph (k (3] Methods of
ocamp/ignce. The ET3S sdds & sew
veregraph (ki3] which permuts
smpioyers o reduen the purmaissibie
expeswre limit frem the carrent 2 {/cc
dmit ta the &5 (/e kit by any feesible
ssmbiastiss of sagineening contrals.
werk gractices sad respustery
pretecuen. The curveat requirement in
paragraphe (c)(1] and {c}(2] to first
aulise engineering concols and
practions ie reduce expasure fevels 10
5.5 {/ o rematns wnaffecied by thus ETS.

Flexibility ia cheosng compliance
strategies {or the pariod of aa ETS has
Seen incorpersied io most other

I gﬂuﬂy jasund standards
¢ policy refloam '8

determinstios 9 creft wneryency
standarde that sre truly responsive 10
ewergency sondstions and which afford
‘emedisvely sveilabie protecuon (0
.““;:‘m mﬂ: Erpi
4 seph (ki(¢) oyee

Informoticn end treining The ETS adds
¢ paragraph 1o the asbestos standerd
requinng the empieyer to provide §
raining program wilhia 30 days of
publicatica of the sreerpency standerd
for al] empioyses whose exposures 87
reasonably expectsd to exceed the FEL
of 0.3 f/cc. witheut regerd to tre use of

DUP 0907283
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038 (/e wathaut regard to the wse of
respirstors and shall assure their
perucipation in the pragram dunng the
effective period of this emargency
temporary sandard.

{ii] The empioyer sha§ assure ths:
each such empioyee is Rformed of the
following: .

(A} The hesith effecis essociated with
ashestos exposure: .

(B} The reiationship between asbastos
and smoking in producing lung cancer

(C} The asture of opersuans which
could result in exposure o asbestos and
necesasry protective sieps (o minisuge
exposure including. s applicable.
engineering controis, work precuces.
:mmm housekeeping and protective

othi

(D) The purposs. proper use, fitting
| instructions and limitations of

nu:imon permitted by the standard:
an

(E] A review of all the provisiens
contsined in 1920.1001.

.. (S} Respiratory protection during the
ETS. Notwithsianding any other
requrernent of this secuon. where
respiraters are used to achigve the
permissible exposure limit of 0.8 {/cc
:Aé.gl shall be seiectad sccording to

M able 1.

(8) Warning signs during the £ETS. In
eddition to the requirements of

Federal Register / Vol. ¢8. No. 215 / Friday. November 4. 1383 / Rules and Regulations

m
e T a—
paragraph (g)(1) of this section. lepble displayed at each location where

signs warmung of the heaith hazards of sirborne concantranons of sabestos
«3Destos shell be provided and fiers may excesd 03 {/cc

TABE |
Retpiratary Pretection
Far Arrserne Concentrations of Asdestes .

Alrsgrse Camcantratian

ginestos ) Aagyired Respiratar!
. et in escass of § f/cc Aousanie or single vse arr
{10 2 reL) purifying respireter
St 1 ezcess of 80 f/e8 Full focap ez air
V100 X PEL; puritying respirater, o &
. poweret air purifying rese-

pieater

A type °C* cantiavews fiow
o pressure demand,
weplved air respirater,

Groater thon & f/ce

1 Res81ratars 10acified for Righ CONCINLPALINAS Ray DE ¥SeS 38
iower concentratisas of 35Beitos.

(Secs &bl 8(c) 8(c) and 3g). Pub. L B1-008.
86 $ial. 1383, 1368, 1500, 1400, B US.C 048,
647; Sac. 107, Pub L 91-64. 43 Siat. 08 {40

US.C 3335 38 CFR Part 1911 f
'w:on-nmmnmmam°
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