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DEPARTMENT OF LABOR

Occupationsal Safety and Health
Administration

29 CFR Part 1910
{Oocuet Ne. H-0330} .

Occupationat Exposure to Asbestos

agancy: Occupation Safaty and Health
Adminustration (OSHA). Labor.

AcTion: Emargency tamporary standard.

sumMmMaRrY: OSHA is 1ssuing an
emergency tempocery standard (ETS) to
reduce thy permissibls exposure limit
(PEL) for asbestos from 2 fibers (longer
than § micrometers) per cubic
centimeter (2 {/ce) as an eighi-hour ume-
weighted average. 10 03 {/cc. Dunng the
penod of the emergency standard.
employers may use all practicable
control methods. such as engineering
controls. work practuces and personal
protective equipment to meet the aew
limut of 0.8 fibers per cubic centimeter
(0.5 {/cc). Truining programs are also
required to be instituted within 30 days.
The basis for thus ETS is OSHA's

.determination that continued employee

exposure to asbestos under current
conditions that exceed 0.5 [/cc presents
s grave danger of daveloping asbestos-
induced cancer and asbestosis to
exposed employees. and that an
emergency standard s necessary to
protect them. The ET3 sarves siso as a
proposal te revise the current ssbestos
standsard purseant to section &(b) and
6(c) of the Act
This cotice also requests comments
an the appropriaieoess of including the
provisions of the ETS as permanent
revisions to the asbestos standsrd. In
addinon. OSHA will soon puniish a
separate notics of propased rulemaking
that further explains the issuse under
considsraton {orthe permanent
standard and which ruses some
additional issues regarding the
application of certaia provisions of the
asbestos standard to the constructios
industry. That aotics will lavite public
comments and will scheduie ¢
rulemaking hearing m ta Scuu
6{2) of the Act concarning the proposed
permanent revision to the asbestos
standard.
pares: The effective dale for this ETS 13
November 4. 1963. Comments and
evidencs concaming the preposed
revisions to the permanent standard .
made by the ETS must be received on or
before [anwary 3. 1984. As noted. OSHA
will publish a notics of proposed
rulemaling shortly that wiil sct due
dates for submissions 10 tha ashestos
dockst for the issucs raised therewn

ADORESSES: \\'ritten comments should
be submutted to the Docket Officer.

Dochket No. H-033C. Room $-8212 U.S.
Oepartment of Labor. Third Street and

Constitution Avenue. N.W.. \Washington.

D.C. 20210

POR PURTHER INCORMATION CONTACT:
jamas F. Foster. Directar, Office of
Information and Consumar AfTeirs.
OSHA. US. Department of Labor. Room
N-3837, 200 Constitution Avenue. NW,
Washington. DC 20210. Telephone (202)
323-8151. .

SUPPLIMENTARY INFORMA IO
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L Introduction

This is an emergency temporury
standard (ETS) issued pursuaat to
section 8(c) of the Occupational Salety
and Hesith Act of 1970 {the Act) (8¢
Stat 130& 28 U.S.C. 635}, the
Construction Safety Act (Pub. L. 91-3¢
40 US.C 333), the Longshoremen's and
Harbor Workers Compensation Act (33
US.C 941). the Secretary of Labor's
Order No. 9-83 (48 FR 35738). and 29
CFR Part 1911. This emergency sundard
consists of revisions to the existing
standard covenng oczupationai
exposure t0 asbestos. 29 CFR 1910.1001.
in order to protect employwes trom a
grave danger from conttnued exposure
to asbestos at current exposurs levela.

OSHA hss determiced that worksrs
axpcsed to asbestos under exposure
conditions existing uader the current
standard face a grave danger of
developing incurable cancer and- .
asbestosis. Further. OSHA has found
that an ynmediste reduction in exposure
leveils to 05 {/cc or below is necessary

10 protect such employses from this
grave danger. Therefore OSHA is
issuiag this ETS lo compel reducad -
exposures 10 respend to this emergency
situstion.

OSHA's determination that & grave
danger carrenitly exists is predicated
upon quanutative risk estimates :n this
record w hich point to a large number of
excess deeths from cancsr (snd

ashrgtosis) among currently cxposed
workers which aras attributebie to
conunucd eaposures under present
working conditions. OSHA estimated
the number ol cancer deaths avoided
through lowenng of the exposure 10 0.8
[/cc. bused on @ moaths. 1-year. 20-year
and ¢5-year periods of exposures at
current levels.” The predicted cancer
deaths avoided that result {rom these
periods of exposure are respectively 210,
428. 5728 and 7815. A more detailed
discussion of these estimates s found in
the sections. Quantitative Risk Analysis
(Section V). Grave Danger (Section Ll
A.). and Need for an ETS {Section il B).
Risks of this magnitude at permutted and
actusl exposure levels defined o
situstion which demanded immed:ate
regulatory action. Evaluation of the
relevant scientific data. policy
considerstions and exposure patterns of
workers has convinced OSHA that
continued exposure at the current PEL
and under actusl workplace condiuons
constitutes 8 “grave danger” to
employees. and that an ETS is nndcd 10
protect them.

The ETS requires that employses may
not be exposed to concentrations of :
asbestos exceeding 0.3 f/cc on an &-hour
time-weighed aversge basis. and
permits the employer to choose emong

controls, work pracuces and
respurators 10 reduce exposures (o the
new FEL. However, the requirement un
§ 1910.3701(c) to utilize feasible
engineenng controls and work practces
to reduce exposure levels 10 2 {/cc
remains in effect under L.is tempocary
standard. The ETS also requires
employers (o instituts & trairung progam
within thirty days of the sffectuve date
of this emergency standard. The twrsirang
progem will include wastrucuon on
respuratoc fitting and use. handling of
ssbestos. medical informaton the
reistionship between smolung and lung
cancer. and a review of the asbestos
standard. The ETS applies to all
industries covered by the Act. including
“general industry”, constuction and
maritime industries. .

G66G50C00LS

* OBHA » swers. of coursa. st Sectian Gc) of
he Act limuts the effoctive e of e ETI w0 &
nenths and OSHA conclhudes that & s v donge
onists and aa €T3 o necwesary even J OSHA
founees vxciusively oa s sz meath pered.
However the Agency believew 1t 14 spsropnaw »
calcuiote benellts donving frem ea ETS vung
lifetume rieks trem 3 and 45 yeurs of snposurn o
the PEL of 43 {/ x ovtablished by tw ETS. Alhagh
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roquures thel rul enaling en & permenca: standand
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As provided in 29 CFR 1933.22 the 3¢
States with their own OSHA .approved
occupaltional safety and health pluns are
expected (0 adopt 8 comparabie
s1andard within 30 days of this
publication date. These Staies are:
Alasks. Arizona. California. Coanecticut
{for State snd local govermmant
employees only). Hawait. Indiana. lowa.
Kentucky. Maryland. Michigan,
Minnesota. Nevads. New Mexico. North
Carolina. Oregon. Puerto Rica. South
Carolina. Tennessee. Utah. Vermont,
Virginia. Virgin Islands. Washington,
and \Wyoming.

Also. in responae to the emergency |
conditions fsced by exposed workers.
OSHA 13 stepping up its enforcement
activites in targeting workplaces uhcn
usbestos is handled.

The temporary provisions that ure
being added to the existing asbestos
standard prescnibes the major
components of an occupational safety
and beslth standard. ln genersi most of
the current requirements remain
unaffectad by the emergency temporary
standard. However. compliance with
some requirements will be triggered by
the new exposure limit of 0.5 {/ce \
instead of the former PEL of 2 {/cc. For

example. requirements such ss change |

rooms remain unaffectad by the ETS |
snd the tngger level {or changs rooms
remains the former PEL of 2 {/cc

{§ 1910.1001{d}¥4}}. However. the ETS
requires that vhere concentrations may
excoed the naw PEL the employer must
post signs indicating such locations

(§ 1910.3001(k}€6))

OSHA based its decisions concarmung
appropnate provisions for the ETS oa its
determinetions of the kind and degree of
protective action nesded to protect
against a grave danger and the
feasibility of instituting (hese provisions
during the penod of the ETS.

Under section 8(b) of the Ast. OSHA
will shortly schedule an informal
rulemaking hearing ou the proposed
permanent changes 1o the standard.
OSHA will siso propase other revisicas
to the asbestos sandard that will be
explained in the seperate notios of
proposed mlmhtq. Application of
cariain provisious of the asbestos
standara to the construction industry
wll be raised ot that time. OSHA
anticipa:es that this anticr will be
published shoctly. OSHA is now
aczepling wntten comments on those
issues raised in the ETS which are
reievant to revising ‘he permanent rule.
Thse Secretary must promulgite s
sectur 1)) s:andard no later thin sux
months uf:er publicatior. of ine
ameryency stuncard

I1. Legal Authority and Background

A Leyal Authonty

Scclion 8{c) of the Act provides for
immediately eflactive emergency
lemporary standards in cartain
circumstances. The Secretary has the
authority to issue such & standard,
without rulemaking, “if he determines
{A) that empioyees are sxposed (o grave
danger from nposm fo substances or
agents determined to be taxic or
physically harmful or from new hazards.
and (B) that such emergency standard is
necessary 0 protect employees from
such danger.” 29 US.C. 853{c)(1). Thus,
the danger must be “from™ worker

exposure and it must be “grave.” not
merely significant and the regulation
must be “necessary” to address “such
danger.” not merely reasonably
necessary or appropnaie to provide safle
employmaent In addition. as in secuon
8(b] permanent standards. OSHA mey
impase requirements in the

standard oaly to the extent that they are
“feasible™ within the meaning of secnon
6(b)S} of the Act.

The Fifth Circuit has emphasized the
importancs of the severity of health
eflects in OSHA's consideratioa of
whaether an ETS is sppropriate:

=* * * the danger of incursbie. permanent.

o (etal consequences (o warkers. as opposed
ta samly curable and fleeting effects ca thevr

beosmes impertast in the
consideratian of the secessity for emergency
moesures & mest & grave danger.” Florde
Fesak Grewers Associouon, inc. v. Uniesd
Siasse Deparcment of Labdor. 4898 F24. 132
{CAS).

OSHA aiso bas interpreted relevant
judicial decisiona to require that its
evaluation of the grevity of the danger
and the necessity (or emergency action
must be made in the context of actual
workplace conditions.

8. Bockgrouna

1. Events Leading to the ETS. la Juns.
1983, OSI4A recaived a petition [or an
ETS from the International Associstion
of Machinists and Asrospace Workers
(Exs. 84-244). Subsequently latters
supporting this petition wers received
from 16 other unions (Ex. 84-284 t0 04~
204, 34-3K7 (0 84-~301). The petition
requested an ETS to reduca the PEL 0
0.1 {/ce. 10 modify some existing work
practice requirements. anc lo require
other protective provisions regardiess of
expusure level. The main ressons set
forth in the petition and supporting
letters are that continued expasure

ander ca-Temt workplace condit.ons
coutstitutes s grave danger and that
delaving remedial action until @
purmianant standard is promulgated
woud cost large numbers of currenily-

exposcd workees their lives. OSHA
shares the genuine concern eapressed
by the petitton and letters from urions
representing thousands of empioyees
who ars directly {aced with the threat of
asbestos-relsted discase from continued
exposure. And OSHA concludes that
failure 1o issue this ETS may cost s
number of exposed workers their lives.

In August 1963, OSHA completed a
comprehensive risk sssessment based
on numerous human studies which
estuimated the number of excess desths
from the three major asbestos-related
cancers. i.a.. lung cancer, mesathelioma
and gestrointestingl cancer. at the
current permissible exposure level of 2
{/ce and at various reduced exposure
leveis. OSHA placed this document.
“Quantitative Risk Assessment for
Asbestos-Related Cancars”. in the
Asbestos docket in August 1383 (Ex. 56~
349). OSHA subsequently revised this
document (See Ex. 84-302}.

2 History of the Asbestos Standard.
OSHA has regulated asbestos sincs
1971 A 12 {/cc Umit for asbestos was
included in ths initial promuigation of
OSHA standards pursuant to section
&a) of the Act, on May 28, 1971 (38 FR
10408). In response to s petition by the
{ndustrial Union Department of the
AFL-CIO. OSHA issued an ETS on
asbestos on Decamber 7. 1971, wiuch
established @ PEL of $ {/cc on & nme-
weighted average basis and peak
exposures of 10 {/cc.

The current standaerd. promuigated in
fune 1972 first established an 8-hour
time-weighted average PEL of $ {/cc sod
a cedling limit of 10 {/cc. The limits were
intended primarily to protect employwes
sgainst asbestons, and it was hoped
that thev would provide some inadental
degree of protection sgainst cancer.
Effective July 1970, the TWA limit was
reducad by the standard o 2 f/cc. This
limit has remained in effect since that
time. The standard aiso nciudes
provisions covering methods of
compliance. monitoring. medicsl
surveillancs and housekeeping.

Caurt review of this standard uphseld
all major provisions, but remanded two
issues for OSHA's reconsideration. /UD
v. Hodgson, 498 P. 24 487 (CADC 1974).
These issues wern whatber the [uly 1978
date for the 2 {/ce standard should be
accelerated for some industnes and the
adequacy of the 3 year retention peniod

{ar exposure moailoring records.

Subseyently, OSHA incressed lhll
retention period to 20 years (41 FR
11304) and the acceleration issus
becume moot.

Alur reviewing the then avar‘able
scientific data. in October 1578 OSI4A
published a notice of proposed -
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rulen.axing 10 ccrise the asbestos
<tand..rd becauac OSHA Lelieved that

suffi ient medicel and scientific
evidence had been accumulated to
warrant the desigiation of asbestos sa s
human carcinogen” end that advancas
n monutoring snd protecuve technology
made recxamunat:on of the standerd
‘desirable.” This proposal would have
reduced the lime-wrighted average to
0.5 f/cc and imposed & ceiling limit of §
f/ce for 15 minutes {30 FR 47883).

The basis for the 1973 proposal’s -
reduced permissibie level of 0.5 /cc wus
OSHA s then current palicy for
carc:nogens that no safe threshold level
was demonstrable and. therefors. the
Act required OSHA to set the PEL as
low as lechnoiogically snd econonmically
feasible. This policy was rejected by the
Supreme Court in the benzane decision
HILD vs. APL, 448 U.S. 8 (19680)). OSHA
limited the proposcd revisions ia the
1972 nouce fo ail industries excapt
construction. No heanng was scheduled
on the 1973 proposal Also. sithough
OSHA announced its wnlention to
develop a separste proposed revision
applicabie to the consruction industry,
no such proposal has been published to
date.

QSHA is basing its present decision to
1seue an ETS. and to propose reninons
to the permanent standsrd covenng all
empiovess. on information and analyves
whuch postdate the 1973 proposal.
Therefore. this ETS marks & new
regulatory itanve. reisted to, but not
pert of the 1973 procseding. Cn May 24
1983, OSHA consulted the Construcnon
Adwvisory Commitiee fer Occupational
Sefetv and health (CACOSH])
concernmg applicability of a new
arbestng sandard for the consiruction
industrv. CACOSH endorsed QSHA"
pomtion that changes 12 the PEL mede
for general tndustcy should aiso apply to
the construction ndostry. OSHA is sise
including the comments snd dats
recenved (a resoonas ta the 1973 notice
in the record of this proceeding, with the
undersianding that sce commenters
may hava changed asir positions based
on intervenmy scientific devrlopmants
snd palicy shuiis.

in the decimon 10 'ssuc a= ETS. the
Agency nas rev-cwec this regulatory
history of astestas. However. the
Agency Hases the dzuision 10 issue a8
ETS o= the actiusl emnergency conditions
which naw ceaf-int ucposcd workers.
on ef:+ lem-uligic stud'es *hat provide
dats W maae aunerical estimates of
nsks an.d cn inte pretavons of these
studies using qaentitative rish snalywms.

3. The R Ismchiry 10 Revise the
Permzica Sicssard. The 6lby
ruler ah:ng imitiated by this prapuosal s

interided 10 be limited ty the rovisions

mede by the ETS and the addit:onal
proposed amendmecis raised in the
nouce of propused rulemahing to be
publisted soon. The major subjects of
the 6{b) rulemakiang wi'! be: reduring the
permussible exposure il revising the
definitions of asbestos and asbestos
fibers. ressseasing the methods of
compliaace t¢ achieve such limits.
revising the provisions regarding
respirstor selection. revising the
sampling and"anailyncal mathed 0
unprove rehiability. and adding »
trauming requirement. OSHA will aiso
raise 1ssues regacding the application of
the permanent standard to the :
construction industry. As previously
stated. OSHA will soon publish &
separate notice of proposed rulemaking
10 furthar explawn these 1ssues.

1. OSHA's Rationaie (or the ETS

QSHA has de .crmined that prevailing
conditiong mvalving worker exposure 10
arbome asbestos dust jusufy the
promulgation of en emergency
temporary standard. OSHA estimates
that approximately 375.000 warkers are
exposed to asbestos st vanous levels
(Table 1) renging Lrom 8 high vaiue of
20 {/cc 1o below .8 I/cc. OSHA has
estimated that under current axposure
conditons asbestos-exposed workers
facs an extraocdinarily high risk of
contracting asbesios-related cancer
whether the risk is computed overa
woriung lifsttme of exposure or for
exposure periods as short as ¢ months.
The averags excess cancer risks for sil
workers exposed above 6.3 {/cc unng
avausble exposure data and reiyingen
the nsk assessment are estmated as
approximately 198 sxcess cancer dee
per 1000 workers for 48 vears of
exposure. 139 deaths per 1000 workers
{or 20 years. 10 per 1000 workers for }
year. and 8 par 1000 workers for
manths of exposure.

OSHA beliaves that risks of these
magnitudes. taking into accoun: all
reievant cansiaerations such as wotal
numoers of workars at sk and quality
of supporting dats. consututs an
emerency s:fuatios whick requires
imroediate response by ths agency.

The Act siates that when certain
statutary criterie are met. GSHA 18
authonizad to respond to at emergency
sitaation by ixstiag an ETS. The twe-

pronged statuto:y tes: for ar ETS is that
(1) empiloyses mus: be expused to @
grave danger ficm exposure ta
substances or agents dslsrmined ‘o De
toxic or physi_ially harmful. and thet (2)
an emargency standard is necessary to
protect emsiu; ees frum such dangers.
After c:alusting all the evidence
available to the agenzy concern:ng the
seventy and magri:L e of the nsk of

asbestos-reisted disease 10 the current
asbestos-expused worhing posulation.
comparing these riske to other
occupational risks. applying relevant
policy considerations. sad reviewing all
relevant judic:al decisions for guidanca.
the sgency has determined that both
prongs of the stetutogy test are met and
thut an ETS should be promuigsted.

Fot purposes of clarity. the discussion
18 divided 1010 two parts. "Gruve
Dunger * «nd “The Need for an ETS.”
QSHA believes. however. thet the
factors which indicate that a substance
constitules & grave danger are refuted to
and overiap those which determine that
an ETS is necessary.

A. Grave Danger

OSHA has determined thet the risk to
workers from exposures to asbestos at
conditions that exist in the workplace
pose s grave danger of death from
cancer and of severe disability from the
lung disease. asbestons. lo making a
“grave deager” determination. the
seventy of the disease produced by
exposure to the reguiated substance und
the magnitude of tha predicted risks of
diseese orust be consudered. ln addition.
the Supreme Court has suggested that a
determunation of “grave danger”
indicstes s situaticn where the nsk is
more than “significant” (/UD v. APL
supro n. 4S).

QSHA has applied that snalyuc
approach sndorsed by the Supreme
Count for "significant risk”
determinations in evaiuating the gravaty
of the danger faced by asbestos-exposed
workers. The Supreme Court gave some
genersi guidance ss to the process to be
followed. It recognized thet while the
Agency must support its findirg that a
certaie 1evel of nsk existy with
suostanual evidencs it also recognized
that 113 determination that a particuisr
levei of nak 15 “sigmificant™ will be
based largely on policy considerstions
(IUD v. APL 448 U.S. 638 634 n. 62).

OSHA believes. therefors. that its
determunsucns regarding the magniiude
of the nak faced by employees shouid
to the extent possible. rely on
quantitative expresaons of that nsk.
utilizing the best available dsts.

Tae Court stuied that the signuficant
risk determunanon requiced by the OSH
Act1s “not 3 mathematical straitjackel.”
and "OSHA 12 not required 10 support
its finding that & sigrificant risk exists
wita anything approaching scienufic
certaiaty. °°°.A revigwing court 18| to
give OSHA scme ieeway where its
findirgs must be made on 122 frontiers
of scicni:Fe hncwiedge {and thas| *°°
the Agency (s {rce to use conseruiive
e«fSLmp-icrs .0 .nterpreting the data

19660600195
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writh res3ect 10 carcinogens. rishing
crzor on the side of overprutection
ra:her than ynderprotection™ [488 US at
G58. 0S4}

In the case of asbestos. the data
avaable are of unusual breadth and
high quality. However. because risk
assessment itself involves many
uncartainties. OSHA made certain
assumptions in its analysis and
evsivauion of these date. In assessing
the nsk for asbestos-exposed workers,
OSHA has attempted to use realistic
assumptions, aithough the court stated
that the Agency wes free to use
“conservative assumptions” in
Lterpreting dats. OSHA. in maay cases.
has indicated where difTerent
sssumptions may producs different
resulls. In sddition OSHA cautions that
Secause the risk finally derived
are the products of a process which. as
the Suareme Court acknowledged. is “oa
the frontiers of science.” they shouid be
viewed a¢ spproximations of the degree
of risk faced by asbestos-exposed
workers and oot as precise fixed
predictions of the number of workers
who wili actually develop disesse.

OSHA has evaluaied the kinds of
dangers presented byasbestos
exposure. the quantification of those
dangers under present asbestos
exposure conditions, the quality of the
dats on which risk estimates are based.
a companson of asbestos risks to other
occupational risks. and relevant policy

" and legal considerations in concluding

that workers are exposed (0 & grave
danger from ssbestos. .

1. Nature of the Diseases. As stated
sbove. the nature of the diseass
associated with exposure (o a toxic
substance 1s one of the most important
eternents OSHA evalustes n
determining whether s grave danger
ewsts. This factor waas discussed in
Florida Peach Growers Associaion. lnc.
v United States Department of Labor.
supro. Ths court. in overruling OSHA's
nrganophosphate pesticide ETS.
nbserved:

\Ye rerect asy suggestion thet desthe mast
occur before heaith and eafety randards mey
be sdopted. Neverthaions, the dunger of
incurable. permenent. or foiel consevences
to0 workers. as opposed 0 eomly curabile and
fleet:ng effects on their heaith. Seromes
1 mportant in the consideration of e
necessuly 19r eMeTyency: mecsures (e Tewt @
#rave donger. 480 F 2nd a1 132 (emphams
Jdﬂd,

OSHA 13 aware of no instances in
‘which exposure 10 & toxic substance has

more clearly demons:rated detamental
heslth efiects on humans than has
asbestos exposure. The d:srases caused
by 183cs:08 exposuces are in | rge past
life-ibreaterung ot disabling. Anung

these diseases are lung cancer. cancer of
the mesothelisl hong of the pleurs and
peritoneum. and asbestosis. In addition.
wnrkers exposed lo asbestos are at
increased nsk of gastrointesunsl cancer.
as shown by eprdemiologic studies.
Although colo-~vctal cancer may be
curable if detected in an early stage.
other gastrointestinal cancers are
usually fatal. OSHA also believes that
asbestos might induce cance:s st other
sites, which are sisc often fatal.

Of these. lung cancer constitutes the
greatest heaith risk for American
asbestos workers and hes accounted for
more than half of excess mortality in
some occupational coborts. About 908
of lung cancer patients die within §
years of disgnosis. Mesothelioma is an
incurable cancar which is usually fatal
within s year sfter diagnosis. it is
epidemioiogcally linked to asbestos
exposure. and occurs very rarely. if at
all. in persons never exposed to
ssbestos. Asbestons. a type of
puimonary fibrosis. is usually non-
revermible. its advanced stages are
disabling, and caa be latal. OSHA
concludes that ail these diseases are
very sarious, and that the axcess
mortality from such severe discases
must be cons:dered an imporiant factor
for making a grave danger
determination.

2 Degree of Risk of Developing
Dangerous Disease. OSHA based its
calculations of extent of risk facad by

under current exposure
conditicas pnmarily oo the results of &
quantitative analysis which derived
numencal estunates of cancer risk at
vanous cumulalive exposures
corresponding to levels st which
waorkers are expased (Ex. 84-392).

Although 2 f/cc s the current PEL for
esbestos exposure. sctual exposure
conditions vary widely, mostly by
ndustry segmsant. As explained later in
this document snd as set forth in Table
1. averege ambient exposure lavels in
various industes include high exposure
levels such as 20 {/cc in crywsll
removel. rer.gvation and demolition: §
{/cc {n shipbuilding and repair: mid-
range exposure leveis such as 2 f/cc tn
secondary fsbricating of czment sheet,
packing and gaskets and paper

and rebuilding aad refacing 13
{!cc for dry processing of textiles: and
lower exposure levels smch as 0.8 f/ce
:}: 0.2 {/ce in the manufacture of flooe
Becauss QSHA (s required to consider
*he actual danger {uced by workess in
2sseseing whether exposure t0 &
substance presents 8 “grave danger”,
OSHA leoked at the sizk of developing
discase not only st the 2 {/ce
parmissibis level but at ail exposure

luvels which workers curreatly fuce.
Most of the results of these calculatians
for cancer are presented in Table 11 1n
the risk assessment section of this
ducument.

The table 1ets (orth predicted excess
lifetime cancer risks for exposut.s of
one yoar. 20 years and 43 yeers. Risks
for exposures of 8 months are closely
approximated by one-half the riske for
exposurea of one year. Although average
exposures in demolition end renovation
sre estimated ot 20 {/cc. the table
presents risks only for selected exposure
leveis up to 10 {/ce.

These calcylations show that the nsks
of asbestos-related disease are
slarmingly high st current occupational
exposure levels. For example. an
estimated total cancer nsk of 285 excess
daaths per 1000 workars exists for
workers exposed (or a ¢5-year ifetime
3t 10 {/ce, 8 level which currently exists
o some construction nites. At S {fcc. the
exposure leveis which are considered
aversge in shipbullding end repatr. the
nsk of developing asbestos-related
cancer for a 43-year exposure penod is
149 excass dasths per 1000 workers. At

the current permissible level o 2 f/cc w
which alsa represents actual exposare  _
levels in such industries as secondary =
fabricating of camant shest. packing
gaskets and paper products and CD
rebuilding end refecing brakes. nsk 1s =0
estdmated gs 64 excass cancer deaths <
per 1000 workers-for & €8-year exposure O
period. =)
These risks remain very high when ~

the penod of exposure for which.
calculations are done is shortened to 20
years, which OSHA believes 13 sr.other
sppropriate pomt for examunation The
penod of 20 yeary is the approximate
midpoiat batwesea 1 year and 43 years of
exposure: also many workars receive 20
years of expasurs. Counterpart nsk
calculations unng s 20-ysar exposure
period are: for workers exposed to 10 f/
., 140 excess cancer deaths per 1000
workers: for exposures to 8 {/ce, 108
excess cancer deaths per 1000 workers
and for exposures to 2 {/cc. ¢4 excess
cancar deaths pet 1000 workers.

OSHA aisc ssttmated riska of
deveiapicg cancer for s one year pertod
of exposure at various levels 10 which
smpioyess are exposed. The counterpant
risks for exposures (0 10 {/cc {or one
year ace: 13 excass cancer deaths per
1000 workers: 10 § {/ce, 7 excese cancer
deeths per 1000 workers and to 2 {/cc. 3
excess cancer deaths per 1000 workers.

Even at current workplace exposure
levels which are less than the current
PEL. exirsordinarily high risks of
disesse exist. At S {/cc. 17 excess
cancar desths per 1000 workers sre
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predicted lor 8 45-yeur lifenme
exposure. and 11 excess cancer deuths
per 1000 worhaerss for « 20-yusr ¢xposure
penod.

OSHA notes that the above
calculations are for cancer nsk only. I
addition. asbestos-expased workers face
s high nisk of deveio ssbestosis. &
disabling and often (stal disease.
Predictions conceming the estimuted
magnitude of the asbesiosis nsk have
been performad by OSHA and are
discussed in the risk sssessment secticn
of this document. ingly. OSHA
estimates that at 2 [/cc. 50 workers per
1000 exposed to asbesios for 45 years
will develop disabling asbestosis. At 0.8
[/cc for 48 years. it is esumated that 12
workers per 1000 will develop dissbling
asbestosis. Asbestosis risks can slso be
estimated for vxposdres for durations
shorter than 48 years. For example. Lhe
risk of disabling asbestosis from
exposure to 1.0 {/cc for 22.9 years is 12

cases per 1000 workers. OSHA's
esumates of the mputudc of the
asb is risk are based oo d data
from good epidemiciogical studies.
OSHA balisves. however. that the
confidence which can be placsd ia
predictions of asbesions nsk is not ag
grest as for the predictioas of cancar
nsk. This is because the cancer nisk
estumates are based an & larger and
more vaned data bass end are derived .
from Jose-axtrapolation modals that are
better established. Because OSHA has
determined Lhat the risks for cances
alons indicate & grave dasger. the
sdditionai risks of daveloping ssbestosis
are not necassary 10 justify this ETS.
However. OSHA has ceusidered that
the additional and independent riak of
developing asbestoss wcreases the
danger {faced by exposad workers and
underscores the gravity of the health
tareats (o amployess posed by asbestos.
3. Quality of Data os Which Risk
Egumotes are Bosed The
data upon which the quantitative risk
assessments {or asbestos are based are
high quality qndumoh‘c studies,
conducted in occupational
enviranmants. OSHA emphasizas
*ha da'a bases for ssbestos are of
unusual quality and size. Unlike most
poten‘ial occupatonai carcinogens.
asbestos has boen studied oftes and
-horougnly for svaluation of its effects
on oczuoa:ional populations.

In aenving thase quantitative
estimates {or cancer risk. OSHA utilized
eleven studies for the calculetion of the
lung cancar risk. fouwr of which were also
used 10 calculate the mesothclioma risk.
Investgations invoived “cohon” studies
where the frequancies of vanous types
of can.cers \a workers exposad to

asbestos were compared o those in
“coatrol” groups not exposed to
asbestos or to those of general
populations such ss U.S. males. Studies
of such design ars able 10 provide direct
estimates of excess nsk.

The studies used by OSHA in deriving
dose-respoase reistionships [or its risk
assessment covered a vanety of work
situstions and industrisi processes. This
vansty improves the predictive value of
the risk assessment because it lessens
or elimwnates the possidility that the
results were unique (o any one
occupstional situstion or were in fact
sberrauonal. The occupational settings
studied were: workers exposed st s
chrysatile textile plant from 1930-187%
(Dement e¢ ol Exs. 84-038 and 84-037%
Canadian workers st sa asbestos-
cement facility (Finksisten Ex. $4-2408
Italian chrysotile muners and mi
who worked during 1930-1988 (Rubino
ot ol. Ex. 4=88):. workers in an asbestos
cement pipe plant (Weill et ¢/ Ex. 84—
208): wockers (n en asbestos production
plant and asbestos cement pipe factory
(Henderson and Enteriine Ex. 84-48%
British workers masufacrurtng ssbesios
textile products (Peto Ex. 84-109% :
asbestos miners and millers in Quebec.
Canadas (Liddell et o/ Ex. 84-59) and ta
the Thetford Mines. Canads (Nicholsoa
e{ al. Ex. 84-72); and workers
manufscturing asbestos friction
nu;auh (Berry and Newhouse Ex. 84~
a

“Well-condacted epidamiologic
studies tha! show & positive essociation
between an agent and s dissase are
sccepted aa the most coavincing
evidencs sbout haman nak” (Risk
Assessmaent in the Federal Covernmant:
Managing the Procass. Naticzal
Reseerch Council. 1963, p. 21, Ex. 84~
2.

No extrapolation from animal data w0
human data is necessary in order to
show carcinogenicity of asbestoa. For
most substances, OSHA must infer
bumar bealth effects. such as *

The results of this nak assessmant
performed by OSHA agres well with
other recant risk sssesamaents performed
by other governmental and cutside
scientists (see Acheson and Gardner)
{Ex. 84216 and 84-243) EPA (Ex. 8-
180}. Karg and Chu (Ex. 84=001} Selikofl
of al. (84-002}; anc CHAP (Ex. 84-258).

4. Conparative Analyss. lnsight inte
the magn:tude of *he nsk sssociated
with as0estos exposure can he gawned
by reviewing other occupational risks.

OSHA umlieves it is instructive to
compare asbestos nsks with other
workp.ace hazards agreed on a3
presenting an unususlly bigh degres of

huzurd. where the data are cons.Jcred
both evailuble snd relisble.
The risk of excess mortality esumat~d
43 8 result of exposure to asbestos st ine
conditions in the workplace today
appears to be substantially higher than
other risks by workers from
occupational infury hazerds. The
National Safety Council (NSC) has
reported the annual death retes in 1981
froms work accidents in & variety of
industries (Ex. 84-339). Using the NSC
data OSHA has reviewed the annual
mortality from work accidents per 1000
workery (n several industries in light of
the excess cancer mortality from s
single year of exposure to asbestos per
1000 workers. For example. iz the high
risk occupations of sgriculture end
mnz:um the annual mortslity
rates from work eccidents were 0.54 end
0.35 per 1000 workers respectively 12
1981 (Ex. 84=339). In contrast. the desth
rate from work sccidents forall
industries combined was Q.12 per 1000
workers in 1901.
OSHA has estimated that tha lifetime
risk for ons year of exposure to 2 f/cc of
asbestos is about 3 excess cancar desths

" per 1000 exposed workers during the.

remaindar of the workers' lifetimes (Ex.
4-340). Thus. asbestos workers’ nsk of
excess cancer mortality from & single
yesr of exposure ta 2 f/cc is roughly §

" times higher than the risk of accidental

occupational [atalities from one year of
employment in agriculture and mining-

As shown in Table 1. OSHA estmates
that many wockers ars exposed to
ssbestos in the vicinity of 2 {/ce. In
addition. OSHA calculsated the sverage
excess cancar nsk 10 workars exposed
st cond’tions that exist in the workplace
today (for those above 0.5 {/cc and using
the scenarnio described in Table 3}
OSHA estimates that 10 excess cancer
deaths will occur per 1000 workars [or 1
year axposure: thus the a nsk to
workery {(exposed above 0.8 {/cc) in the
workplace today is approximately 20
timaee the annual fatal accident rates in
uncullun and mining-quarrying

These comparisons are striking. They
show that the estimated risk of dyng of
cancar from asbestos exposurs st leveis
existing at the workplace today far
exceeds the accidental death rate 15 the
riskiest of industries. Although the
estir.ated mortality rates for cancer due
1o asbesios exposure are not compietely
comparablas to the total actual
scadentsl futalities, the review is
ciearly useful in showing that the
magnitude of the asbestos risk 1s grave.

Ons sxample of predicted cancar nsk
us & result of occupstional exposure 13
the following cancer risk estmated from

£966C001LS .
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occupational exposure (o ionizing
radistion. The estimaisd excess cancer
fatality rate {rom 47 yesrs of exposure
the maximum permissible cccupationasl
exposure (o ionuzing radistion (S rems)
15 17 to 28 per 1000 workers (Commiites
on the Biological Effects of lonizing
Radiation (BEIR) Ul predictions. see 43
FR 1902). However. most radiation
stsndards (unifke OSHA standards)

determination that the magnitude of the
esumated risk 10 exposed workery s
alarmungly high constitutes the major
component of the “grave danger™
finding. The oversil extraordinary
degree of risk. the exteat that very high
risk is found in many ssbestos using
industries. and the unesuall

quality of the dats utilized to make
thm assessments present s very strong

require that exposure limits be reduced
{o the lowest level ressonably
schievabie below the exposure limit (the
ALARA grinciple). Approximately 93
percent of rediation workers have
expasures less than one-tenth the
maximum permitted iimit The excess
cancer deaths at one-tenth the permutted
levei are 1.7 to 2.8 per 1000 workers .
exposed 47 yeers. Asbestoe exposures
of 43 years t0 2 {/cc are predicted by
OSHA to result in 84 excess cancer
deaths per 1000 workers

st age 23 (Ex. 84-382) QSHA"»
calcuistion for the sverage excess
cancer risk to worker exposed at
conditions that exist in the workplace
today (for those above 0.3 {/cc) for a 43-
year exposure. is 198 excess cancer
deaths per 1000 workers. This figure was
caiculated by taking the number of
cancer desths estimsted from exposure
ta existing conditions far 43 years for
those workers expased (o greatsr than
0.5 {/cc of asbestos and dlviding by the
number of worksrs exposed to ssbestos
greater than 0.5 [/cc (multiplied by

1000).

There{ore. the excess cancar risk st 2
t/cc {or asbestos warkers 13 estimated
48 more than twica as high s the
maximum permiited rudiation cancer
risk and about Z3 times higher than the
estimated cancer nsk of 35 percent of
the waorkers exposed to rediation. At
existing condiions. asbestos workers’
excess cancer risks sre estimated to be
35 umes higher than the cancer risk
faced by 95 percent of the workars -
exposed to radiation. The risk of
asbestosis further incresses the
sugmficance of the nisk ln- sabestos
exposure.

A1 0.5 f/ce. OSHA estimates that 17
excess cancer deaths will oceur in 1000
workers exposed 43 veers. This risk is
«pproximataely 7 times higher than the
cancar risk {aced by ¢ percent of the
workers eaposed to radiauon. OQSHA
finds that these comparative nsks
strongiy support OSHA's find-ng that
workers exposed (0 sir conzantrations

a0ove 0.8 {/ce are far abave the pomnt of
significant risk and are st grave danger
ef dyin_‘ from cancar.

S. Zu.cluson. OSHA's finding of

“gra.e -danger” is based on evidennary

ar.d policy considersnons. OSitA's

work

sis (or 8 “grave danger”
ﬁndmg. l\m as unpommly the unique
gravity of ssbestos-caused diseascs. .
particular cancer. such s mesothelioms
which is linked almost exclusively te
asbestos exposure. strongly suppourts
OSHA'’s finding of grave darger. Alsa
OSHA's comparison of tha risk of
asbestos-related disesss to other
industrial risks anderscares the
extraordinarily high risk estimated for
asbestos exposure. OSHA bas aise
noted the concerns of workers sbout
current workplace conditions sad the
numerous petitions for an ETS from
unions representing many exposed
workers. Finally OSHA has reiied on its
experiance 1 evaluating snd reguiating
workplecs hazards in recognizing the
extraordinary degree of risk currenuy
faced by ssbestos workers and in
determuning that such risk constitutes &
grave danger to thoss workers.

8. Need for an ETS

OSHA has determined that this ETS is
nacassary 1o protect employees from
grave danger. the second prong of the
Act’s test of OSHA's exerciss of its ETS
suthority (Section 8{c) of the Act). As
explained in detail, the effect of this ETS
is to save many lives which would
otherwisa be lost to asbestos-related
diseass if current working conditions
were not changed. OSHA belisves that
employees can be adaquately protected
againat this grave danger only by 1suing
an ETS. This is because no other Agency
action and no other foresecable event
would result in sufficendy reduced
asbestos exposures that wauld alleviate
the grave danger. Further. the provisions
of the ETS are tailored (0 effect the
fiecessary exposurs reductions
expeditiously.

1. Lives Suved by Issuing or. ETS.
OSHA has estimated the cumber of
daeths svoided as a result uf an ETS
which would reduce the PEL to 3.3 (/cc
{see Tables 2 and 3). For zancer only.
based on ccatnuing expcsures under
currently existing conditions for ¢

montha. the potential number of lives
saved is astimated a3 pproximately
21 Based on continuing exoasures st
currently existing corditions for 1 year.
:he potential number cf lives saved 1s
es'imated st approximately 428. Also.
OSHA has rsuimated that he

prumuigetion of an ETS setung 2 0.5 [/cc
PEL may avoid 5728 cancer Jaaths
assuming 20 years exposure (0 asbesios
of the curreat workforce st current
conditions end 7815 cancer deaths
a38uUMIng 4S yesrs exposure.

OSHA is eware. of course. that
Section 8{c) of the Act limits the
efTective time of an ETS to 8 months.
and OSHA concludes that a grave
danger exists and an ETS is necessacy
even if OSHA focuses exclusively on
this six month penod. However. the
Agency believes it 13 sppropriate to
calculate benefits deriving from an ETS
using lifetime risks from 20 and 45 years .
of exposure 10 the PEL of 0.8 {/cc
establisbed by tha ETS. Although the
ETS expires within @ months. Section
¢{c) requires that rulemaking oo a
permanent standard also be compieted
within 8 months, 3o that there will Ma no
§ep 1a protectioa for exposed
employees. la QSHA's experience and
judgment. complying with this statutory
directive and completing rulemsaking for
2 permacent standard within 6 moaths
of an ETS has and can be dona.

OSHA aiso believes. based on its
expenence. that it is very likely that the
PEL established afiar 8(b) rulemalkung
will be a0 bigher than 08 (/ce. the ETS
limit Therefors. OSHA believes that the
ETS will resuit ia a reducad lifetime
worker exposuzes of 0.8 {/cc or lower for
20 or 4§ years. and thst the benefits
derived {rom these exposure reducnons
for these time penods are sppropnately
attnbuted to OSHA's pr muigation of
this emergency standsrd

8. Employse Exposures. To danve
these sstimates of numbers of lives
saved. OSHA depended on 1ts
knowiedge of the following factors: (1)
The empioyes exposure levels from ths
ambient asbestos sir concentrations
the workplacs: (2) the number of
warkers exposed at the vanous asbestos
levels: (3) the durstion of the expasure:
and i4) the probability of the disease (or
the n1sk) associated with the cumulative
exposure.

Empiloyee exposure leveis are
conventionally messured .2 terms of the
number of asbestos fibers -hat are §

micrans or move in length in one cubic
cant:meter of air. {/cc. In these terms. an

K QRGEN0LS .

ambient concentration may seem tobe s

small amount of 1sbestos. However. :n
physical ‘arms. 2.0 {/cc equals 2.200.000
{:bers per cubic mater ([/m?). Humans
:nhale about 0ae cubic meter of air per
hour. depanding on degree of phyuical
activity. Thus. at this concentration. &
warher would inhale roughly 18 000.000
f'bers. 3 microns or mouce 1n length. over
ar egnt hour workday.
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Note.=Depending on the industngl
proces. up 10 "84.0.000 sddshonal usbestos
fibers less than $ microns 1n bength may siso
be inhaled sssuming that ¥8% of sirborne
ssbseston fibers ure icas tham § sucrons.

OSHA continues to use the term. f/cc.
for convenience but cautions thst the
numerical estimstes of air
concentrations given in these lerms sre
only one way of viewing ssbestos
concentrations snd should not be
evaluated without nterpreting the
meaning of the units.

OSHA usad enisting information to
esiimate worker ssbestos exposure 1n
cach affectad industy. Data sources
included government contrsctor reports
(Ex. 84=002 and Ex. 84-008}. vanuus
studies reported 1n the litersture. NIOSH
Health Hazard Evalustions. snd OSHA
compliance data (Ex. 84-338]. OSHA
reviewed the information. and decided
10 use the 1960 Research Triangie
{nstitute (RTT) report (Ex. 84-008) as the
pnmary basis (or exposure estimates
because the RT1 estimates sppear to
OSHA 10 be the most comprehensive. In
addition. RTY used & large number of
differeni data sources 1o make thewr
exposure estimates. including
interviews. sxisting documentstion. and
industnal hygiene surveys of worksites.

Using the RT1 report as the pnmary
reference. OSHA compared RTI data
with other exposure information
available for each industry. For

example. specific reports were found lor
ssbestus cement manufacturing (Ex. 84=
248}, '~ ~~le manufactunng {Ex. 84207,
removel of sprayed asbestos matenasl
from buildings (Ex. $4-262]). and brake
repair (Exs. 84=203. 84-298). The
Asbestos Information Association
provided dats conceming exposures
during field (abrication snd installstion
of asbestos cement pipe and sheet 1n
controlied conditions (Ex. §4-29S). The
Environmental Sciences Laboratory (Ex.
64-002) siso made best estimates of
worker exposure n various industres
for 1973

In addition. OSHA used its own field
INSPECtiOn experience to estiMmaule
exposures. OSHA reviewed seiected
case files and obtaned information that
listed OSHA ssbestos messurements
during complianca inspections from 8/1/
7910 5/31/83 (Exs. 84134, 84388}

OSHA asdijusted the RTT estimate as
sppropriste. based upon s qualitative
judgment as to which data best
represant sxisting exposure conditions.
OSHA's exposure estimates are based.
therelora. upon 8 substantial dats bese
and upon considersble expenenca n
enforcing the existing asbestos
standard.

OSHA used the empioyee exposure
leveis in ench indusiry to caiculate the
number of deaths avoided by reducing
the exposure from current leveis to the

-

. [ g

emergency PEL. Alternative exposure
disinbutions used for sensitivity
analysis will be provided in the
Preiiminary Regulatory impact Analysis.

OSHA beliaves thai the exposure
estimates are relatively good. given the
state of the art of worker exposure
sstimstion techmques and dats
svuilsble todsy. OSHA is not aware of
any other availsble current exposure
estimates.

Industrial hygiene reports of
operstions in the same industry. but et
different work sites. invariably report
different asbestos exposures smong the
workers. OSHA reviewed thess reports
and made decisions regarding typical
industry practices. Foc some aperations.
such gs braka relining. several reports
were avsilable with complete
descnipuons of ths working environment -
and OSHA was sbie to use these to
make direct exposure estimates. Other
reports. such s “Removal of Pre-{formed
Asbestos Insulation” (Ex. 84-296).
described careful processes for asbestos
handling that did not appesr
representative of the methods used
throughou! industry, since the reported
air concentrations were not consistant
with cther reparts showing higher
exposures (Exs. 84--208. 84--282).

Table ' shows OSHA's estimates of
employee exposure 1o asbestos by
industry segment.

SLLmE COOR 48 10-20-00
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Data from OSHA's Managument
Information Svstem (MIS) incducies a list
of sl asbestos sumples rrparted by
OSHA ficld staff duning june 1. 1979 to
May 31. 1943 (Ex. 84=13S|. Darng this
pertod. W9 eight-hour ime-weighted
average (TWA| samples wems collected
in many different industries. Of the 948
sampies. 731{77%) were belew 0.9 {/ce
156 (16.4%) fell between 0.8 Pec and 2.0
{/cc: and 62 {8.5%) were abowe 2 {fce,
QSHA slso revivwed the NES summary
report whers the measuremens dats
were groupad within Standasd Industnel
Code (SIC) classifications (Ba. 64-354).
All these data contributed te the
development of OSHA's bost exposure
cstimates.

In conclusion. OSHA has used its
expenignca 1n enforcing the ewsting
asbestos standard (o determam the best
esumatcs of worker exposuse & the
industnies. On the whole. in cmpanson
to other toxic substances prummt in the
workplace. asbestos exponse
information is well reported Given that
OSHA expenence is considarsble.
OSHA believes its ssumates we
ressonabie and appropnate sul provids
» satisfactory basis for judgrusts
regarding the extent of risk sasung in
workplaces.

OSHA scknowledges. hewawer. that
the sxposure information craening
asbesios removai snd rencamisn 1n the
construction industry is lessosstain than
the othee entimates. Despitm
uncariainities 1n qualifytng esgegure
the demolition/removel catmgey. OSHA
feels that this best estimater wimsed
upon evidence that is both swwsaable
and the best svailable. Furdierwmore.
OSHA believes that any charrgms made
to the esumate a9 8 resuit offthe
uncertainities would not be affa
sufflicient magnitude 1o warmsmta
change 1n its basic findinga.

2 Calculation of Lives Samestand
Disease Avoided. The bensilugrovided
by this ETS consist of cancmrdimths and
disabling sabestosis svoidedl. The
estimates of deaths svoided Ry bwering
of the exposure limit by the

temporary standard are basntien the
mortality rates developed im e risk
assessment discussion. To pavemste the
expecied number of excess decths
aitnbutable 10 ssbestos in the A4S,
wark/orce. the expected rate of

mortality st ¢4 exposure luvel was
multiplied by the pupulation vxpused ot
that lesel The expected mortaiuy cute
(rom eech exposure level was denved
from OSHA's quantitative nsk anaivus
(Ex. 84-392). The expected number of
deaths at the reduced PEL was then
subiracted from the expected number of
deaths at the current worker exposure
levels to determine the estimated
number of deaths svoided by reducing
the permiswible exposure linut. The
benefily arw expressed in terms of
estimaied desths rather than dissbility
becauss the types of cuncer sssociated
with asbastos exposure have a very
poor survivel rste.

An example of such a calculation
follows. Tecalculats the leag cancer
deaths aveided dunng one year of
exposure m 8 worker popelation in the
constructiem industry whe sre engaged
in the instafliation of ssbestos cament
sheet:

Populstion-=176S (Table 1)
Eshmated Carrent Exposwe Level= 20

{/cc (Tahle 1)

Estimated hamg cancer sk for ane year

ot 2 {/ao=144/100.000 (Tsble 11)

1. Caleuiie expected deadhs for
installersaf A/C sheet hanng one year
of exposuom at 2 {/cc exposure lavei:
Populatimer. X risk = expectnd deaths
{1788) {140/ T00.000) = 234 ar

spprammutely three daaths among

installus.

1 Calcuilnee expectied duathe for
installers af A/C sheet st PEL of 0.5/ce
{or one yumref exposure:
Estmatmaliriuk a1 03 {/cc=38.1 por

100.008(Thble 17)

Populatiem x risk = expectad desths

(1783) (MM.L/200.000] = 0.06 or
appromurmtely one destht among
instaliens

3. Calcuibte lung cancar duatha
sverted aviives saved for A/C sheat
insiallers By reducing expeeure (o A.8:
subtrsct espmcted desths a8 0.5 {/cc
from thoum enpected st 2 e
(2.34) ~ (G.ENG= 1.9 or sppmmmatsly two

ives soned

The estewmted benefits durived from

exposure andiactions 10 seuars! PEL's
which OSEEA is corsidering lor s finsl
standard ame presented im Table 2.
These benw=Rw represent ¥ ettimated

number of cancer deaths aveided from
those expectied due 10 20 yeasrs exposure
at the estimated curreni exposure ievers
assuming worker exposure began J1 age
23. The benefits were calculated using »
base of 20 yesars exposure because. o3
stuted eurlier. 20 yours is an estimate of
typical lifetima exposures (or some
workers. Exposures of 8 months. one
year and 43 yeers durstion are slso used
to show the grave danger and the need
for the standard. based upon a 0.5 [/cc
PEL (see Table 3).

For Table 2. OSHA bases its
respiratoe sssumphions in the
construction industry end shipbuilding
industry on its enforcement experence.
on its familianity with the industnes.
trade unions. and industrial hygien:sts.
and on svailable studies an this subject.
OSI{A believes that these estimates
may overslate the degree of respirator
use. This would lead to underesumation
of benafits of the ETS lor the following
reason: The fewer workers 13
campliance with ths current
requirements {or respirstor use for
ambient axpcsures exceeding 2 {/cc. the
greater the potential benefits from an
ETS mandating that workers be trained
regarding the sigruficant risks {rom
asbestos exposure and the :mportance
of using respirators. Also. workers
currently using respirstors will benefit
by further reductions from 2 {/cc to 0.5
{/ce. However. if respurators mandated
by the ETS are not used properly or
consistently. then the aumber of cancer
desths avoided is sn overestmate.

To test the results OSHA aiso

calculated the benefits assuming that aif ¢

shipbuiiding/repair and construction/
renovation/damolition opersiions

—

=
comply with the current standare. All of —

the shipbuilding/repair workers wouid
thus be protacted by respirstors which
would reducs exposures 10 0.8 f/cc The
constructuon workers would aave an
eposure of 2 f/cc. The benefls of
reducing the PEL t0 0.8 f/cc would.
therefore be calculated as the d:fference
between expected deaths at 2 {/cc and
the axpected dsaths at 0.3 {/cc for ail
workars in these segments. Tabie ¢
shows thess benefit estimates.

limg COUt ate-n-a

[

[ ]
D
DO



Fc&enl Rcﬂ;(n / Vul. 4 No. 218 / Friduy. November 4. 1983 / Rules uad Rugulations

31098

"ST0005969

4000 BROS N9

“S10 BWY J0 3int0s 0 SY 33/) §°0 ©) 33/ O WON)
® DIPUY PUC S(0AS) ST WHIGED POIMNILINE By} O)
fve ssegs0m w0 1ORII%N0) JO $G7 L{ue JPWY Ssensse S0,

PIINDRI Suv saINsOdY
resodre ag

‘{OAS1 31\ I8 89 PeIME| 150 BYY 01 petedne
o0 fvn 307 190 .0ve 3501010505 wii-21r Lq 983201 OV Jeydes
219403 /6u Dy snadiys Y Wi Sshgysom e Y0P VMY Yewnyse wsn

.

‘petn £ 3veys)sue)
100 350 Jo ‘ea13d004d L 1in; Jeu Bae 32010514884 Y} §) PRIRIBINA .
S0quny * Jsapnoy . Ul JO J(NSes © 3¢ 23/} §°0 O3 33/} OF WOS) PAINGS.
"o--l-.vo»m-.- “otoe* o u..'c..o. TS (e Y RTY D L) Mww.:_:-c.- “__!.! e DI QU PIINNIISD Sy3 OF pasodve
' o fve 313 1 10 wers 2 S sonsgns yea sq foe SJaysom UCYIINUIINOY JO X6 K(ue 3J0w) IBENSSP WSO o
OINITIOUN 3¢ 40w S1J BYY o weirvBineosd £q paies AL 20 Joeww

L T33/5 570 01 £1vo BaNRRs Bsr sasmsedve seenswe Bieey Siwg v ) <19AB| JIU JUBIQEE PNITE|ISE BW) O} Petodrs ¥4
' dve yea3s0¢ 0 A1ve pye 32019214500 Buy| - Jje AR $31D010 Biv 01308
JiedeaBuipliradint w1 ¥y tAenom e 108 TN SBONSSE WMC)
111 [ s2s ”e 012 twio)
ne  wos sus sl
Y wew e 5 11T s s we . Datbitathiat
" R ' ° LT Y T I 0 o o o 1P0U/BRIB el
"l " L J WL Y 04y 10m0ny ot Ty »"t 10 1INV Y PA1I0BUINY
w " a Suyanpoe nuny £iepeeres 29 ves " Sutmazesnemy £svpeodes
" m ’ ] Bu1 .m0 )nwey Liverag ooz 2l m Serameinen Lovm g
0k gp saenf 02 sees 1 swywey [ ] !
/5 50 10 M4 s Anysmeey 10 X T )
. : , 133/9) W4 . Yeates Lnsnovt
'
¢ Wtedve v
20) SOITSIISE VI1s B1IsE) vodn peseq 3174 9] 19 PIPIOAY SHITEQ IO (1Y 10 SPIPEIIN]
_030I0AY SHIVIY §IMYD 0 <IWMEIS) \
t aary 2ot
B - DA TP OTIRI i Sy vty »-ootbd AN AN A Redyn S T




" ——————— —
Fedetal Register / Vol. 48 No. 218 / Fr.d.y. November 4, 1983 / Rules and Regulations 51097
Although the results in Tuble ¢ show year. 2416 {or 20 years. and 1513 for 43 workers would remain unacceptably
fewer benefits OSHA Uclicves the years indicate & grave danger and kigh. As stated above. OSHA has
sumber of deaths svoided under this recessitate tis ETS «ction. ssumated that at 8 2 f/cc lavel
scenario. 80 for six months. 162 for 1 employees exposed over a working
lifetime of 4 years are predicted to
Tole 4 have en excess risk of from cuncer
¢ of 84 in 1000 and of contractir,, uisabling
Cancer Deatns Avoiced with & 0.5 f/cc ETS Em:":ﬁg?.:%gmyhjm to
. ave excess cancer ri ¢4 (n 1000
Assuming Compliance with tne 2 f/cc Standare and & disabling asbestosis risk of
. approximately 22 in 1000. Even at 4
) exposures lasting one yeur. an estimate
Industry Sector 6§ months | year 20 years 45 sesrs : m;;loym ;;':.“ 1000 are ""d"fffg 10
ie of asbestoe related carcer. and there
Primary sanuficturing 2 8 Y 174 is also additional risk of developing
. asbestons. Risks et the 2 f/cc lavel have
seconaary sanufacturing 17 1 an 634 b:::r‘mlm a8 unacceptable by
o goveraments which have reduced
‘utomotive Aftermarzet & & 1M 194 their permussible levels below 2 f/cc.
. To esumate the number of lives st
Shipauilding/Reparre 0‘ 0 0 0 .mumgm&m“lm"‘d were
{oa®® 1 immediately enforced instead o
Constructioa S oUs e u6) compailing @ .5 {/c level through this

*OSHA assumes that the entire inaustry sector complies with the 2

f/cc standard througih use of controls or respirators capadble of

reducing exposure to 0.5 f/cc.

**O0SHA assummes that the renovatiom and demoiiticn industry sectors

are protectsd t 2 f/cc . by
respirators.

3. No Other Agency Actren /s
Adequate To Protect Empieyees Against
This Grave Danger. OSHA believes that
Congress iniamded that the ETS
sutharity may be excrcised when OSHA
deterzsines tmt & grave damger o
presented and when the previsions of
the ETS are cmfted W0 be am
unmaediately affective msams of
protsctung emuployves agaimst ruch
danger

QOSHA. howsver. has evuisutad the
potential capability of other possible
actions to redince the risk Gum asbestos
exposure. OSHA has determined that no
other agency action short of issuing this
ETS which compels an immediate four-
fold exposure reduction will sufficiently
protect employees against the grave
danger of developing asbestoe reisted
discase. In maling this detarmination

usa of nalf sask

ar purifying

OSHA considsred the usefulness of
stepping up enforcament of the current
asbestos standard, and initating s 6(b)
sulemaking proceeding t0 permanently
reduce exposusre levels. These actions
will be discussed in turn. OSHA notes
that these actions are not mutusily
exclusive. and in fact OSHA (e both
stepping up its enforcement activities
and embarking on & required &(b)
rulemaiung as coardinated activitienin
addition to issuing aa ETS.

{s) OSHA first concludes that merely
increasing s enforcement of the current
asbesios standard would not sufficieatly
reduce the grave risk of asbastos-related
d:sease 0 exposad workers. Even if
_ud inrTeased enforcemert resulted in
immedistely sniform compliance with
the currant 2 {/ce standard in sll
mdustmes. risks to ashestos-exdosed

using cerwin assumptions sbout actual
complisncs ievels.

For this ansiysis, OSHA sssumed that
il construction, renovation and
demolition operations comply with the
cusrrent standard s0 that workers wn this
industry would have exposures of 2 {/cc.
The differance in the number of deaths
avoided by complisnce with the 2 {/cc
standard compared with those avoided
from compliance with the 0.8 {/cc ETS is
sull very high snd shows that asbestos
exposure even &t 2 {/cc represents a
Frave danger to such exposed
employwes. Table ¢ sets {orth the resuits
of these caiculations. Thus. for & 20 yeer
period of exposure. OSHA estimated
that mereiy ensuring compliance with
the current 2 {/cc limit may cost 2416
smployees thar lives. For one vear of
exposure. OSHA estimated that 162
smpioyees may die if exposures are not
reduced to 08 [/cc. assuming full
complisnce with the current 2 f/cc limit.

OSHA believes that these bensfita
(i.g. lives saved) represent ths lower
bound of thoss that would result from
the ETS for two ressons. Hall mask
respirstors which maey be used st sir
concentrations of 2 {/cc to comply with

the current standard may not effectively
reduce employee exposure below 2 [/cc
Further undar the ETS. half mask
respirstors may only be used in
workplaces concentrations do not
exceed § [/ce. Employees.in worlplaces
between § and 20 {/cc mugt use more
protective respirutors under the ETS:
hencs. it it likely that their actual

nrecrnNAIS:
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evpuscres may be reduced to below 0.8
f/cc und the benefits of the ETS will be
correspundingly increased. Further. sn
ETS by nature of the achon ilseil and
the sccompanying eaforcement program.
w il undoubtedly boost the incanuves o
comply with sll protective provisions of
the asbestos standurd.

(b) OSHA rajected reiying oa merely
heginning Section &(bj rulemakung
proceedings 10 revise the standard o
reduce the PEL a8 an inadequsle
responsa (o the grave denger fuced by
asbestos-exposed workers. Beginning
rulemahing proceedings results in no
immediste workplace changes.
Empluvees would sull conunue to be
expused 10 those coaditions which
defline & gruve danger fur sl leas! the
pendeacy of the rulemsking. in OSHA's
e\penience. completing 8(b) rulemakings
not initated by an ETS concerming
hazardous substances can take many
years. For exampia. tha coks ovea
emission standard took approximately
3'y years. the laad siandurd. more thas
6 vears and the cottor. dust standard,
more thaa 4 years. Thase periods do not
include any of the addilicaal daluys in
the effective dates of OSHA standards
that were dus 10 judiciully imposed
stavs. which havs resulted ia delays
lusting several years. U'nder the most
{avoruble circumsisoces. however, .
OSHA belisves that it is possilile that a
section &(b) rulamaking limited (o the
issuss raised beoma aught be compistied
In spproximataly one year. absent an
ETS.

As shown sbove Uhe esnmaied risks
of deveioping asbestas-reiated cancer
due 10 eaposure {or one year under
current condsnons, are sl
extraordinanly ugh The additivusi
nshs of developing asbssiosns due 0
one jear's EXpOSUre under curreat
condiions, sithough quaaulied with less
Certainty, are sts0 mare than sigmiicase,
OSHA also beiieves that the risks of eix
manths exposure. sppraximated by
tuhing over halfl of the ane yeur risks
under current candilions. aise are
unacceptably h:gh. OSHA emphamses
#9 stated abuve. that CSHA's
expenenca souws thet without an ETS.
orvceredings leadicg to s permanent
avsith standare ure unlihaly to be
cnrpleted witkin a six month penod.
The ¢ wolanauon of OSHA's capability
1¢ produce 8 stuscard withia 6 months
of 43 ETS liss \n the urgency genersiad
by OSHA's finding of s grave danger.
the *xnstence of 8 speaific statutory
deindling to complete u rulemuling

within 8 muntitg o nd the nred (0 prevent

# gitp 10 prutection belwewn the
exprration uf the ETS und the impasiting
of the permunent standard lor 8
substance slready determined to prescnt
a gruve dunger.

OSHA aiso believes that it 13 helpful
*= evaulute the extent of risk resulting
from lifetime exposure periods of 20 end
45 years in the sbsencs of this ETS. As
shown in Tables 10 end 11. these risks
are extraordinarily high

4. Other Factors Indicating ¢ Need for
an ETS. Although worker exposure ta—
ssbestos hus been declining over the
years. OSHA believes that exposure
conditions will continue (0 present grave
dungerin the near future unless an
emergency standard 13 promuigated.
OSHA bases this finding on its
evalustion of exposure information.
asbestos use statistica. considerution of
the nature of industnai exposure today.
and the degree of compliancs with the
current standard.

Although OSHA anticipates s declioe
in use of asbestos in products. thus
decline will not matenaily affect
usbestus use ia the aesr future. The
extensive tort litigation regarding
asbestos and the awareness of health
efTects ussociated with asbestos
exposure provides strong inducements
for producers and users of producis to
switch to sub: as for asb in
{act. asbestos consumption has decimed

over the years ss shown:
.- V.9 Consumption
Year Pattern (1000 tons)
1978 $5¢
T 1976 ‘ 659
1977 ' 672
1978 iy
1979 56\
1980 )
1981 a9
1982 248

\Worker sslwstoy erpnsures will
coatinua. however. Jor many yeurs ‘n
the future becsuse substituies fur some
groducts do not appesr tmmed atuly
available.

For other products. old replacsment

puris will be needod for muny years. For
cxemple. sutomobile manufacturers may
swilch to non-ashestos brakes snd
clutch {acing 10 aew vehicies in the nea:
severul yeurs. Old vehicles. contsining
asbestos parts. will remain in use for
many years thersafier. Paik et al. found
over half of all mullistory buildings
surveyed (68 out of 127) contsined
sprayed on ssbestos material (Ex. 84~
202). The potentiai for asbestos

exposure exists as long as usbestos
remains in these buildings. Renovetion
work in the building such as relocating
walls and electrical wiring. will result in
continued exposure for carpenters,
painters. electricians. laborers. sheet

. metal workers snd others.

Therefore. OSHA does not believe
thst major exposure level reductions sre
about to occur 1n the near future. The
trend towards reduction 1n asbesios use
and asbestos exposure has been a slow
graduai process with the exception of
instances where the government
intervened. For example in 1973 the EPA
banned use of sprayed on insulathioa
contairung more than 1 percent -
asbestos. Without OSHA scting al this
tima, OSHA predicts that the grave
danger conditions will persist. certsinly
dunng the penod required for OSHA's
issuancs of a 8(b) stendard. and
probably for many years therea(ter.

8. The Need for the Specific
Provisions of the ETS. The provisions of
the ETS require the empioyer to use sny
maethod of control to reduce empioyse
exposure to 0.5 f/cc and to train wurkers
concermung the hazards associated wih
asbestos and procsdures (or reducing
the nsk. These provisions must te
implemented immedistely. OSHA -
believes tney are greatly needed to
afford employees mesningful protection
As the benefit section explsmed m
detail. compeiling exposure reductons
through an ETS wll result in a great
aumber of lives saved.

in addition. as stated eurlier OSHA
believes that its estimates of the degree
of comoplianca with respirator
requirements in the construction and
shigbuilding :ndustry may overstate the
degree of present respirator 1se. Thus.
(OSHA may be understating the benefits
(o be derived from an ETS. and hence
the 1eed for such an ETS to be
promulgated. In addition. OSHA's
esnmnates of exgosures in demolit-on
and renovation segments cf the
construction industry are approximatels
20 {/ce. Because inder the ETS the PEL
is lowered to 0.3 {/ce. the airbome
concenteation ut which more protective

1 /6SC00LS .
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respirutore (with » protection lictor
esceeding 10) must be worn drops irom
20 {/ce (10 times the former PEL of 2/
cc) to § {/cc (10 times the new PEL of 0.5
{/cc). Therefore OSHA believes that
more workars will wear more protective
respirators under the ETS than under
the cusrrent permanent standard. thet
their actual exposwse levels will be
reduced to below @8 {/ce and
consequently that their nsks wiil be
reduced even more thaa the calculations
ndicste.

OSHA finds also that requinng o
truining program (o be instituted as
guickiy as possible is one of the most
effective methods of meximizing the
beneficial impact of the exposure
reduction end of sll the protecnve
provisions of the current standard. Thus,
the content of this ETS has been chosen
as the most effective short-term strategy
to reducs asbestos risks which will be
accapted snd implemanted.

8 Conciusion. OSHA finds that
workers exposed to asbestos 1a the
workplace st axisting exposure
conditions need this emergency
temporary siandard to protect them
from the grave danger presented by
these conditions. OSHA Bnds that by
compeiling a reduction in exposure to
0.5 {/cc for those employees presently
exposed over that level. many lives will
be saved. Training irmposed by the ETS
will enhance the risk reductions.
although quantification of that
additional reduction cannot be
calculated. 0.3 f/cc is the lowest fessible
level achievable thromgh this emergency
action. whers short-tesm npiementation
of the controls is required.

Only by issuing an ETS compeiling
reductions in exposure levels beiow the
current permissible limit of 2 [/cc can
OSHA bring sbout adequate reductions
in risks. The administrattve acuon of
stepping up enforceramm of the current
standard is an inadequate respoass to
OSHA s finding that ewreent conditions
present s grave dangmm.

OSHA does not bellove that any
ugmficant reduction will eccur wmithia
an scceptable tims pariod without this
emergency standard action. OSHA has
abserved a gradusl reduchon in
asbestos use. but. in (ha Agercy's
exgeriencs. significant snd rapid
exposurs reductians umally cccar

respunse to standards. The provisions of
the ETS will significantly reducs the nsb
2nd reducs it quickly. Therefore OSHA
has de*crmined that the ETS is
nacessary (0 reduce the grave daunper.

1V. Occupationsl Heslth Data
A. Introduction

1. Asbestos-redoted Diseases.
Asbestos exposars can cause s number
of disabling and fatel disesses. Among
these disesses asw lung cancer. cancer of

likely that ssbestos incresses the risk of
gesirointestinal cancers. Of all the
disesses caused by asbestos. death (rom
lung cancer constitules the grestest
heslth risk for American asbestos
workers. Lung cancer has been
responsible for over half of the excess
mortslity from asbestos exposure in
some occupational cohorts.

The relstionship between lung cancer
and asbestos exposure has been
established by numerous eptdemioiopc
studies of diverse groups. Asbestos-
inducad lung-cancer usually has s
latency perod in excess of 20 years and
may be disgnosed at an sarlisr ege than
for non-exposed persons (Craighsad et
al. 1962 Ex. 84-033). Few cases of lung
cancer are cursbie despite advances n
maedical and surgical oncology. Only 9%
of lung cancer patients survive five or

axposure acts synergistically

::“ cigarette lu:nh to multiply the nsk
loping cancer,
Mnothdion:“ aiso has been

coaclusively shows to be associated
with asbestos by many studies. In some
asbestog-exposed occupational groups.
10%-~10% of deaths have been
attributable to malignant
mesotheliomas.

Malignant
masotheliomas of the pleurs and
peritodeum are extremely rare in
persons not exposed to asbestos.
Generally. s latency period of et least 23
9 30 yesrs is required in order to
ebeerve i i

in a0
occcupational cohort. Some victims of
masothelioma have had a latency penod
@xceeding 40 years sincs their initial
oxposure to asbestos (Craighead ot al.,
198% Ex. 84-G33). This form of cancar is
raraly cursbie and is usuaily fatal withun
& yeor slter diagnosis. There is no
evdenca for a relationship between
xmu smoking and mesothelioma

Asbes:os exposure can cause pleurai
and/or other pulmodary disesse. Pleursl
plagues are one of the markers of :
expnsure and may Jevelop within 10 to
20 years after the (nitial exposure.
Plaques are opaque pa'chas visible oa -
chest X-ravs that consist of dense
strands of collagen (conzective lissue
Jrotein) lined by mesothelial calls. All
ummercial types of ssbestos induce
dugues. Plagues caa occur even whea

fihrosis is ahsent and do not seem to
reflect the seveny of pulmonary
parenchymal diseass. Pleural
caicification is slso commonly found in
persons who have been exposed to ’
asbestos (Craighead ot al.. 1982 Ex. 84~
a3

Asbesiosis is pulmenary librosis
caused by the accumulation of asbestos
fibers in the lungs. Adverse effects of
asbestosis raage from shormess of
bresth upon exsrtion 10 cysnons.
eflusions of serous fluid. respiratory
(ailura. cardisc decompenssiion. snd
death. Often. asbestosis is & progressive
dissase. even in the absencs of

continsed exposure. Symptoms of
discase are shortness of bresth. cougn.
{atigue. and vague feelings of sickness.
When the fibrosis worsens. shortness of
breath occurs even at rest. One clinice)
{eature of early asbestosis as well 53
other lung diseases is end-inspiratory
cruckias (rales). Diagnoeis of asbestosis
is based upoa the presence of
characteristic radiologic changes,
symptoms. rales. other clinical (eatures
of fibrosing lung disesas and a history of
exposare to asbestos. Cigarette-smoking
asbestos workers may have an
increased risk of asbestosis relatve 10
non-smoking ssbestos workers.
{Craighesd et al. 1962 Ex. 84-032).

Some epidemiclogrc studies have
observed increases in esophageal.
stomach, colo-rectal. kidney, laryngeal.

and buccal cavity cancsrs.
While the magnitude of increased
cancar risk {or these sites is not as great
as for lang cancer and mesothelioms.
the incressed risk is nevertheless of
considerubla importancs becausa of the
high background rates of some of these
tumors in the genaral populstion. £ 50% °
\ncreass in & common cancar such as
colo-rectal cancer resulls in many more
deaths than s 30% increese 0 & rare
canzar. Colo-rectal cancer. if detested
and uresied in an early localized stage.
has s five year survival rate of about
70% (American Cancer Society 1983: Ex.
84-160). Surgical and medical reaunent
is less succassful for the other sites
listed above.

Adverse affects from exposure 10
as0est08 have been observed 1t workers
invoived in asbestos camert pipes and
thingles manufacturing (Entertine et al..
19738 1973 Weill ot al. 1979
Finhelsteia. 1882, 1943) (Exhibits 84=122
$i=123. 34~208. 84~ $4-2401. asbestos
mining sad milling (Wagner et al. 1960
Liddail ot al. 1877, McDonald ¢ sl
19680 Hobbs et al. 198% Nichuison et al..
1979 Rubino et al.. 19790 {Exhibd 18 2-21
84-038. B3-65. 84=712 84-07C. 84-08€).
asbestos teatile maaufacturing (Doll.
1938: Pets ¢: al. 1960 Bermy ¢ al.. 1979.

\
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Demaent et al.. 1983) (Exhibits 84-4M0. 84=

169, 84-020. 84-0371, insulation work
{Selikoff et al.. 1979) (Exhibit 84-000}.
shipbuilding (SelikofT et al. 1979: Blot et
al.. 1980: Tagnon et al.. 1980} (Exhibits
84091, 54-1080. 84-182). and in & variety
of asbestos products manufacturing
industries (Jonss et al. 198% Henderson
and Enterline, 1978: McDonald snd
McDanald. 1978 Seidman ot al. 1978
Robinson et al.. 1979: Acheson et ol
1981) (Exhibits 84-138. 84-048. 04-154.
84-087. 84~082. 84-109).

1t should be noted that 2 flbers per
cubic cantimeter. which is the current
OSHA standard, is equivalent to 2
million fibers per cubic maeter of air.
Becsuse humans breathe in about
cubic meter of air nﬁh& depending
on physicsl exertion, the current OSHA
PEL for asbestos allows workers to
inhals 2 million ssbestos Sbers per howr
dunng sn 8-hour work day. For the sake
of brevity, subsequent discussion in this
preambie will express exposare in terms
of fibers per cubic centimeter (f/oc)
rather than fibers per cubic meter.
Neote~The current OSHA standard

workars may inhale uy 10 100 millios
asbestos fibers per hour during as §-howr
work day.

Sincs OSHA's publication of s notice
of proposed rulemaking in 1878,
sdditionsl studies have confirmed that
asbestos axposure causes o high risk of
cancar. In addition, much mors completa
data on the sature of dose-response
relationships for asbestos-induced
diseases are now available. These
studies generuily indicate that the PEL
set by OSHA in 1972 is inadequats to
protect asbestos workers from aither
1 disesse or cancer.

following sgencies and
organizstions have reviewed the bealth
data for asbes'os: Intarnstional Agency
for Research on Cancer (LARC) (1877,
Ex. 84~321). Crganization for Economic
Cooperaticn and (OBCD)
(1979, Ex. 84-337) NIOSH (1576 1980
Exhibits 84-338 and 04320}, Advisory
Commtiee of the Health and Safety
Ccmm:ssioa of the United
(1979. Ex. 84-218). the Chronic Hazard
Advisory Panel ca Asbestos (CHAP)
(1983. Ex. 64-238). and the US.
Environmen:al Protection Agency {1962
Zx. 84=100). All of these groups have
conciuded th.at there is & causal
relaticaship batwees asbestas expcsure
and the deveicpz.cnt of cancer aad none
maligrant ~egpiretory direasa. NIOSH
recumaen Jed red sctioa of the FEL for
asdes:os 10 0.1 fihere per cubic
centimeter (0.1 {,/cc) in 1906, ln 1960, &

joint NIOSHI/QSHA Asbestos Work
Croup stated that there was no level of
expusure 10 asbestos below which
clinscal of!.... did nat occur end
recomamended 8 PEL of 0.1 fibers per
cubic centimeter (0.1 f/cc). based on the
lizutations of current technologies of
messuring sir concentrations of
asbestos. The 1979 report of the
Advisory Committee of the Health and
Safety Commission of the United
Kingdom. hersafter referred to in this
secuon s the UK. Commuttes. led t0 the
reduction of the Brilish standard for
asbestos to 1 {/cc for chrysotile. 0.8 {/cc
for amasite. and 0.2 {/cx for crocidelite.
Currently, it sppesrs that the United
Kingdum may lower the PEL for
chrysotile 0 0.5.

2 Evoluction of Risk. OSHA's first
step in analysis of risk of disease from
sxpasure to & potentisily bazardous
agent is e qualitative evaluation of
scientific data. This evaluation involves
revieming human and experimentsi
studies to consider such factors as
overail study design. methods of dsta
collection, biologic plausibility of
findings, consistency of findings from
different studies. tamporal correctness
ol s pomaral ciemniBe otgmant.

as scien t.

Subsequently, ::u & specific agent

disease can be investigated. The
available data on air concentrations of
the substance or biological indices of
exposurs, such as fiber contents withia
lungs, can be reviewed for cohorts of
waorksrs demonstrated to have an
wncreased risk of disesse. If workers
with an observed excese nsk of disesse
have recsived cumuiative exposures

permissible exposure limit, then &
potantial significant heaith riak from
exposure to the PEL has been
stablished. If the workers with
abssrved excess risk recsived
camuistive exposures above those
mmod oy ths current PEL. then risk

the current PEL, may be setimated
from risk observed st hignar levelsby
using dose-respotae extrapolation
madeis.

The section. Epidemioiogic Evidence
on Risk from Exposure at the Current
PEL. will discuss the extent to which
excess risk has been obsert ea from low
exporws to asbestos. Section V.,
Quantitative Risk Anaiysis, will discuse
the prediction of excass risk from low
asbestor exposures using 47ve-
extrapolation models tasec or studies
voserving excess risk in humans. OSHA
considers ‘hat beth risks observed by
studies end r:sks precicted by dose-

exirapoiation models are valid
indicatars of the existence of significant
hesith rishs.

Exposure date frequently are not
available for workers exposed before
1970. Where historical exposurs data
are avatlisble. the data often have suca
limitations as having been collected snd
analysad using industrial hygiene
techniques no longer in use or having
been collected in only some aress of the
worksite or baving been collected on
only s few occasions. Therefore. of
necessity, estimates of dose-rssponse
based on epidemiclogic studies will
have a fsirly broad range of uncertainty.
OSHA must examine the best svailable
dats on exposure-response (0 arnive et &
determunation of significance of risk.
despite inherent sad inevitable
uncsrtainties in the data.

The current 8-hour time-weighted
average PEL for asbestos of 2 fibers per
cubic cenumeter (2 {/cc) sgvisages that
workers will not receive a cumulauve
exposure exceeding 100 {/cc-years (=2
{/cc x SO years of occupational
exposure). For asbestos, OSHA believes
that s number of studies suggest that
increased risk of lung cancer. asbestosis.
aad mescthelioms have occurred from
cumulative exposures estimated as close
10 or below 100 f/cc-years.

Neta~OSHA uses 48 years as
the peréed of s full working lifetime for
purposss of quastifying risk from expoeure to
tacc ageats. For asbestos. MARY scentsts
have ssed 30 years o repiusant 8 full
working lifetuns. Thua, both 48 years of
exposwre and 30 years of axposire are used
ia this document for the purposs of anslyzing
dose-response reiationalupe for asbestoa

Ia thesa studles, the cumulative
exposures resulted from exposure /evels
greatar than the current CSHA PEL of 2
{/ce for an 8-hour day. For example.
warkers who accumulsted 100 {/ce-
years coriid have been exposed to an
average level of 8 {/ce for & period of 20
years. Section B(3). below, discusses the
epidemioiogic svidence for nsk from low
axposures in more detall. OSHA
believes that & significant heaith risk
has been cheerved for cunulative
exposures that could be accumnulated by
workers exposed ta no moee than the
present PEL of 2 fibers per cubic
cantimeter (2 f/cc).

Estimates of cumulative exposure are
sporoxcations of total dose recsived
by & wurksr during the sencd of
smploymaent (avolving exposure to
arbestos. Cumulstive exposures
generally are estimated by mulliplying

the varying intensities of ex23sure. such

a8 Uve S-hour lime-weighiad averages,
by tha nusmber of year's sxposed. Most
theories of the mechanism ol
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Carcrnwencsis assumae that the nsk of
runsformativn of target cells to cancer
culis increases with incresses in the
total dose. Exposures received alter
such s trunsformation hes tukan place
may aid the development of cancar. but
huve not caused the cancer. Thus. in
some (nstunces. using totsl cumulutive
exposure may overstate the exposures -
sullicient to producs incressed cancer
nsk. For this resson. some
eprdermologists omut the later years of
expasure 10 8 carcinogen in anslyses of
mortality in relation to cumulative
exposure.

In addition to cumulative exposure.
‘ntensny of exposure can be examined
in relation to disease. lntensity of
exposure s often approximsted by &
rour ume-weighted sversges (TWA's).
The OSHA PEL of 2 fibers per cubic
cenumeter (2 {/cc) as an 8-hour TWA
hug only been in effect since 1978, At
tus ume. it does nat appear possible 1o
determine whether intensity of exposure
has an effect on disesse risk separate
{rom that of cumulative exposure. This
13 becausa the current OSHA PEL has
besn in offect only since 1978, which is
an insufficient period to obsarve
ssbestos-reisted disesses. which
characteristically have long latency
penods (in excess of 23 yeurs). As
discussed in the section, Quanttiative .
Risk Analysis, it sppears thet durstion
ofexpommhnumdm .
effect on mesothelioms risk.

The following sections analyzs recant
epidemiologic and experimental studies
and discuss important aspects of the
occupations! health data concerning
asbestos.

8. Eaidemrologic Evidence on Risk from
Exoosure at the Current PEL
1. Converzion of Particle Counts to

Fiser Counta. Currently, personal
asnesios samples of exposed workers
are colieciad with s mambrune filter, .
and fibers are counted using a phase
conirast mucroscope equipped with an
eyepieca graticule. in the past. particies
ware countad rather than fibers, ares
samp.es were taken rether thas * )
personsl samples. and semples were
coilected unng thermal precipitators or
midget impungers. These past induatrial
hygiene messurements were expressed
1= mulions of parucies per cubic {oot
{atarev.ated as mppef or mpcf),
wiersas CurTen: messuremen’s are
expressed ss fibers per cubic contimeter
or ger reilliliter ¥/ cc or {/mi).
Cerversion of messurements from mpef
‘0 {/cc 18 not & simgle matter of applying
4 sin2le multiplicative factor dus to the
dif‘'ering work envircnments in which
samples were taben and dillenng
sampling methodolugies. The factor lor

cons erung mpcf to {/cc has been

susaested as ranging from 1:1 to 1.8
da.pndmg on the industry studied by
the scientists (Kang snd Chu. Ex. 84-1.
Hammad et al.. Ex. 84=277; McDonsld.
Liddell Cibbs, Eyssen. and McDunasid.
Ex. 84-083). For example. using
canversion factorsof L1 to 15 8
cumulative exposure of 20 mpcl-yeers
could range from 20 {/ce-yesrs to 100 (/
cc-years.

The British Occupational Hygiene
Society Committes on Asbestos
conducted a study of dust
concentrations measured by curreat
methods snd historical methods (Ex. 84—
024). Conversion factors for historical
methods to current methods were 1: 0.07.
1: 22 and 1:2, depending on the
historicsl mathod.

For ssbestos muning and milling. this
sectuon will use the midpoint of the
range of conversion factors: t mpci=3 {/
cc. For asbestos production and
asbestos cament production this section
will use Hammad st al’s suggested
convers:on I’nctgt of 1:1.4 for mpedf to {/

<&

Z Epidemiciogsc Studies. The
epideruciogic srudies that OSHA
interprets ss suggesting that mgnificant
health rtak bas been observed st low
asbestos exposures fall into 3
atmnu: (1) Studies of bousebold

exposures
term. and (3) studies of workers with
cumulstive exposures estimated to be
close to or below 100 {/ ce-yeers. This
sachion summanzes these studies and
presents OSHA's analyms of these
studies.

A number of studies have observed
mesotheliomas and an increased
pravaienca of chest X-ray sbnormalities
smong {amilies of asbestos workers
{Anderson et al. Exhibits 84-018 and
4-017; Vianna and Polan. Ex. 84~180. L
ot sl Ex. 84-148). In addition.
mesothsiiomas have been observed in |
community members living near
asbestos mines and factorier{Wagner ot
al. Ex. 2-21; Newhouse and Thompson.
Ex. 84-070). .

Andsrson et al. (Ex. 54-018) obeerved
0 339 percant prevelencs of chest X-ray
abnormalities, including pleural
thichamng plaques. pisural
caicfication. and irregular opacities.
amor.g €28 housahold contacts of
amosite factacy workers compared 0 a
4.8 percent prevalence of chest X-cay
abnormalities amoag 328 controls drawa
{ram the same comrrunity as the

Lmosite workers. Contmis were
mached to the cases by age and sex. As
of 1978. 4 cases 2f mescthelioma had
been diazgnosed among the €28 fam:ly

-

cunticts of the smosite workers.
Presumahly. lamuly contacts received
their exposuce to ssbestas from dust
carried home on the worker's clothing.
especially dunng tbe Ilundcrm. of dusty
clothes. About s 10-fold incresse in
prevelence of pleurs! th

compared 10 contruls was observed in
{amily contacts of workers with enly
one yesr of exposure within the amosite
factory.

Estimated ssbestos exposure levels of
{amily contacts and community
members observed to be et risk of
asbestos related disease have not been
reported. OSHA coasiders it very likely
that the cumulstive exposures of the
family contacts and community
members were less than 100 (/cc-yeurs.

Seidman. Selikoff. and Hammond (Ex.
84-087) studied the mortality of 820
smosite production workers employed
sometime dunng 1911-48. Seidman et al.
reported that dust concentrutions had
never been maasured in this plant and
that the plant was knowa to have
deficient ventilation systems. Workery
were classified as having worked less
than 1 menth. 2 moaths. 3-8 monaths. 6~
11 months. 1 yeer. ov 2 or more years.
Workars 1 ail categories of length of
employment had excessive mortality
from lung cancer. For example. men
emplayed iees than one month bad o

expected in the exposed population
based on mortality rates of sn
appropriats comparnson population. The
SMR is frequently used as an
spproxumaton to the relative risk.]
Henca. OSHA considers that Seidman et
sl dermonstrated that excess fung cancer
nsk could be expenenced even by
workers with exposwres of relatively
short duratioa.

Berry. Gilson. Holmes. Lawinscha,
snd Roach (Ex. 34-030) studied the
workars of an asbestos textile factory in
the United Kingdom. BServy ot ol
reported ia 1979 that the averege
exposure level was 3 f/cc and that a8
percent of men employed alter 1950 had
“possible asbestosin.” Among men
smployec aiter 1060, Berry ot ol
absarved 1 percent prevalences of
crepilations. “possible asbestosis.” or
“castified asbestosie”™ at 37, 48 and &3 {/
cc-« ears respectuvely.

Berry ot 1l. concludad: “ia view of
these findiags there is no room for
comnplacens: sbout the 2 f/cm? standard

lung cancer stundandized mortality ratio V’,
(SMR) of 287. based oa supplemental .
sutopsy. clinical. and surgical <
information. (The standardized e
mortslity ratio is calculated as the (G
observed number of desths in the N
exposed populaton divided by the )
asumber of desths that would be g
-—
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and efTorts should be continued to based upon substantial medical 1941-1967. Mortality wus observed
reduce asbestos dust 10 as low 4 level as  evidence of severe disability from the duning the period 1941-1971. Cumulstive
possible. Al this stage it is impossible to  dissase. . exposures. expressed 1n millions of
state defirutely that the standard is Dement and colleagues conducted o pacticles per cubic foot of sir imes
inadequate. because its introduction is detailed study of plant processes and yesrs exposed (mpcl-years). were -

30 recent. snd il is essential to follow up  dust control methods st 8 chrysotile estimated for each man included in the
groups exposed to low levels in order to lextile plant during 1830-1973 (Ex. 84~ study cohort. Mean exposures for 6
umprove the data necessary for the 036, 54-037). Exposure histories were cumulative exposure cal es were 62
formulation of better standards™ (Ex. 84= coastructed for esch worker and 182 352. 008, and 878 mpci-yesrs.

020. p. 108)- estimates of individual cumulative Hammad of ol (Ex 84-277) suggested

Finkelsiein (Ex. $4-044) studied the exposures in terms of {/cc-days were o mpef to {/cc conversion factor of 1:1.4

development of compensable (certified)  muds. Afller 1940. expusure levels for & cement plant. Because cement end
asbestons among 157 Ontario ssbestos  usuaily were in the range of $-10 {/cc. other mineral particles have been
cement production workers in relation Waorkers were categorized as receiving extensively used in asbestos products

to cumulative exposures ({/cc-years) exposures of less thaa 100 1000-10.00  manufecturing. using a conversion fsctor
Al! workers uz the study cohort had st 10.000-40.000: 40.000-100.000: and of 1:1.4 does not appeadr to be

lcast 1S years of expcsure. Ontario
cnitena for ssbestosis. which
results in the award of disability
pensions. are not iaflexible and invoive
congidersnoa of such factore as history
of occupauonal exposures.

fibrosis. and aboormal
Certification of ssbestosis would
occur at an advanced stage of disease.
Each producuca worker was classified
as having rece:ved O=44. S0-98, 100-148,
150-198, or 200~249 {/cc-years of
cumulstive exposure within the 18 years
following initial exposare.

Finkeisteun caiculated incidence retes
consisting of number of new cases of
certified asbestosss par 100 person-years
ot risk. [Incidence is the rats ot which
new cases of asbestosis develop in a
given period of ime. It is e direct .
measure of the risk of developing the
dx’um., nadencs rates were 6.8 3.4,
and 6.5 for workers who received 0-48.
$0-08. and 100-140 f/cc-years
respectiveiv. Flnkeistein also calculated
ths cumuiative proosbility of having
deveioped cerufled asbestosis by the
end of 32 years of latency. and observed
that men in the 0-48. 50-08. and 100-148
{/cc-years categonies had abowt 10
percant. 33 percent. sad 70 percant
probabitities respectively. Due to small
aumbaers of men in sach category. thase
estimated pradabilities had much
etadistical uncertiaty.

Firkelstewn stated that the
urcertaint:es in eApoOsure
anc the selection bias arising f[rom -
exclusion frem the study of wurkers
with .ess than 13 years of employment
may nave led to overestimation of risk
a: low expusures. which was 10 some
axter:t belanced by the fect that ths end
snat we studied was cerified
disability, uz sdvanced stage of

asbestosis” (Er. 64034, p. 301} OSHA
considary that Finkelstein's findings of
excess risk from low cumulative

exposures are very imponaat because
the outcomae. cerufied usbestosis. was

greater than 100.000 f/cc-days. Because
Dement ot ol. included holidays and
weekends in their sstimates of {/cc-
days. their estimates of cumulstive
exposure are likely to be cverstaled
OSHA calculstad that Demant et sl's
calsgories of {/cc-days ere roughly
equivaient 1o less than 27 27-27.4: 2.4~
100.& 108.8-274: and grester than 274 {/
cc-years of occupational exposure.
Nete.—~8ocasuse Dement ¢t al. counted
holidays and weekends for their caiculations
of f/ccdays. CSHA divided [/cc-days by 308
10 arvive at estimates of {/cc-yeare.
Dement ot al's first 3 exposure
categories fall within the range of
cumulative exposures permitted by the
current OSHA asbestos standard. .
white males with 1£ or more
years of latency. lung cancer SMR's
were 140, 279, and 382 1n the ca! )
of less thas 1000. 1000-10.000.
10.000-40.000 {/cc-days respectively.
The lattar 2 categaries’ excasses of lung
cancer were statistically signi..cant. For
other non-malignant respirstory disesse
(excluding both infectious respirstory
diseases and bronchitis), the following
SMR's were abserved for wt.ite males
with 18 or more years of latency: 382 for
men with iess than 1000 {/cc-aays, 84 for
men with 1000-10.000 {/ce-days. and &9
for men with 10.000-40.000 {/cc-days.
The excesses were statistically
significam for both the firet and third
category of tumuiative sure.

Dement ot al. “Based on
dats from this study. significanty
slevated mortality risks are predictad
for lung cancer end for asbestosis at
cumulative exposures of 100 fibers/
cc X years in the textile industry™ (Ex.
84-037, p. 432).

OSHA considers that Demant et al.’s
observations of excess nsx from low
cumulutive exposures sre well-
supported becacse of the careful
mmm of exposure histories for the

Her derson and Enterline (Ex. 04-0:8)
studied the moriality of :07'S asbestos
productios workars who retired during

unreasonable foc Henderson and
Enlerling's study cohort. Using a factor
of 1:1.4. 82 mpcf-years 1s roughiy equal
0 &7 {/cc-years.

A respiratory cancer SMR of 197.9
was observed in the cumulative
exposure category with « mesn
exposwure of 62 mpcf-years. Thus. OSHA
views this study as having observed
excess risk of dying from respirstory
cancer among men receiving cumulative
exposures permitted by Lhe current
OSHA PEL. Using s conversion (actor of
1:3 would result in an estimate of
cumuiative exposure for the low
exposure category that is about 90%
higher than that envisaged by the
current OSHA PEL
. Dement st al. commentad on the

" marked differences between the studies

of Dernent ot sl and Henderson and
Enterline: with regard to risk observed
from ‘ww cumulstive exposures (Ex. 8¢~
037). Demaent et ol. suggested that these
differences may be sitnbutable to the
fact that Henderson and Enteritne
studied retirees 83 years or oider. with
tkese retiress constituting a seiect group
o survivors. Only 8 of the 38 lung
cancer deaths observed by Dement et al.
occurred in persons 63 or older.
McDonald. Liddell Gibbs. Eyssen.
and McDonald (Ex. 84-083) studied the
moetality of 11.379 workers expousad to
chrysotile mining and milling born
during 1001-1620. Mortality was
observed during the period 1910-197%.
Each worker was classified as having
accumulated less than 30. 30-299. or 300
or more mpef-years by age ¢8. Using a
conversion factor of 1:3 for mpef to {/cc
these groupings would correspond to
less than 90. 90~-89¢. and 900 or more {/
cc-years. Lung caacer SMR's veme 9L
118 and 228 for tha 3 categones sturting
with !ese than 30 npcif-yearn
. SMR's for pnesumaconingis
were 200, 1081, and $40C for cumu.ative
sxposure categaries of inss thar 30. 30~
299, and 30G or more moc’-years. Hunce.
MMcDonaid ct al. did not otserve much
lung cancer risk but did observe an
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.ACTease (N PREUMOCOnIUSIS Nsh (n the
fow ¢ xpusure culcgoey.

A case-control analysis used stmilure
expasure categories: huwever. the
analysis was intrinsically incapable of
observing sn excess nisk in the iess thun
30 mpcf-year category because the
controls had also been chrysotile miners
und millers.

Regarding the different {indings on
lung cancer ritk fram low expasures
between the studies by McDonsid et al.
and Dement et al. Dement et al.
suggesied imprecisiva of expusure
esumates and differences in sirborne
fiber characteristics as possible rexsons
for the differences. Demeni and [{arnis
previously had found that textile
processing produced s higher proportion
of long thin fibers {alling within the
ranges delineated as carcinogenic by the
srumal studies of Stanton snd
collesgues (See Section E{J] below.
Expenimentol Dota).

Finkesistein (Ex. 04-240) ¢is0 studied
mortality from lung cancar.
mesothelioma. snd other diseusss
among workers st an Ontano asbestos
cemant factory established in 1944 The
study cohort consisted of 339 men hired
before 1980 who had been employed et
the factory for 9 years or more. Each
cohort member was classiflied as having
asccumuisted 8-80. 70-121. or 123420 {/
cc-yeurs of asbestos exposure within the
18 years followng initial exposure.
These exposure categones. hereafter
referred to 18 Croups A. B. end C. had
the follow.ng mean cumulative
exposures respactively: 44. 32 and 180 f/
cc-years. Groups A and B are low
eXPOsUr® groupe.

Monrtaiity by cumulative exposure was
analyzed starting 20 yesru after initiai
expasure. 30 that the calendsr period
dunng which deaths were observed
spanned 1968-1980. Cohort morvality
wae compared to thet of Ontano men
dunng 1970-1974. Age-siandardized
mortslity rates par 1000 man-yeers for
specific causes of death were computed
for Groups A. B and C and for Ontarie
men. Thua. this study did aot have the
bisses from confounding effects of age
that can occur whea SMR's are being
compared among diferent groups of
workers (See Ex. 84-333). One potential
problem is that lung cancer monality
may have nsen in Ontano during 1973~
1930: this would resuit in some
underestimation of comp.nson values

and : some overestimation of lung
caacer risk. However. this

o estimatioa of risk likely would be
slight.

Masothelioma mortality r.ates per 20N0
nan-vcars {or Croups A, 0. urd C were
©.8.4.9. and 11.9 resnectiv iy, Lung
=ancur mortality rates jare 10 Mman-

-

sears were 13.6. 28.1. 11 9. and 1 8 for
Croups A. B. and C and lor Onterio men
tespectively. Approximate relative risks
foe Groups A. B. and C. as compared to
Ontano men. are 8.5. 16.3. and 7.4 for
lung cancer mortahty. Gastrointestinal
cancer mortelity was 8ls0 elevated n
Groups B and C relative 10 Onlano men.
The lung cancer mortality rstes did
not consistently increase with
increasing estimates of cumulative
exposure 1n thet Group C had the iowen
lung cancer eacess. Finkelstan
suggested seversl potential
nmtm including inaccuracy of
exposure classifications. statistical
fluctuations resulting from the small s12¢
of the cohorts and confounding effects
of smoking if there were differences in
smohking habits among Croups A. B. and
C. Because s consisient dose-response
was observed both for mesothelioma
mortality and asbestosis in the study
group. Finkelstein suggested that the
exposure classifications may have besn
correct
Finkelstein concluded that lung cancer
mortslity rates “may be raised seversi-
fold" [Ex, 84-240. p. 143) st cumulative
exposures of 100 {/cc-years. With regard
0 gastrointestinal cancer. Finkslstein
judged that no firm conclusions could be
drawn dus to the small number of
deaths. although there wes s trend of
increasing nsk with increasing
cumulative exposure. Mesothelioma
death rates were considered by -
Finkeistein to be reisted to cumulative

exposure.

OSHA believes that Finkelstain's
study presenis evidence of excess lung”
cancar and mesothelioma nak {rom
relatively low cumulstive exposures.
namely 44 and 92 {/cc-years. Lung
cancar nsk may have been somewhat
understated by Finkaistein's exciusion
of lung cancar desths which occurred
before 20 years oi [ollow-up.

Rubing, Plolatio. Newhouse. Scanseiti,
Aresini. snd Murrey (Ex. 84-088) studied
the mortality of 932 male italian
chrysotile miners and muiers dunng
19468-197%. Mortality {rom respiratory
disease and other causes of death. but
not from lung cancer. was excessive in
this cahort. Criteria (or inclusion a the
study cohort were survival until january

1. 1944 and at least one month of
employment during 1930-1985.
Compartson of mortality was made to
are. calendar penod. sna causc-specific
mortality rutes of {talian males. In
addition. mortality rates waere compared
umang the cohort members uning s case-
cuntrol analysis and & histoncal
prarpective analvsis. The cumulative
f.he- exoosure was estimated {or cuch
waraes 1 terms of {/cc-yvears. The
1 estigators simulated past working

onditions and measured dust
conceatrations during these simutstions
1n vrder 10 Mmake More uccurste
rstimates of expusure during perods
(pre-19G@) is which exposures were not
measured. Mean concentranons of
ushestos were estimated to range uji to
30 {/ce before 1930.

Compared to Italian males. the overwil
cohourt had ststistically significant
excesses of mortality from laryngeal
cancer. non-malignant respiratory
diseasas. tubercuions, cardiovasculer
diseuses. cicrhosis of the liver. and
accidents. Lung cancer mortality was
elevuied only slightly (SMR = 108}
ho:vever. there was some trend of
increasing lung cancer nsk with
incressing length of follow-up. For
example. the SMR for lung cancer was
208 duning 1971-1978.

Becasuse all snalyses of mortality in
relation to cumulative exposure
consisted of comparisons among tha
cobort members. rather than between
the vanous axposure subgroups and
italiun males. these analyses were
incapable of detecting excess tisk 1n the
lowest cumulative exposure catsgory.
These enalyses were capable only of
detecting trends toward increased nsk
with increased exposure. Although the
excess lung cancer risk (odds
ratio= 2.89) in the high exposurs group
was no! staustically sguificant Rubino
ot al. considered it “likely that the
increwsing mortality truly reflects the
effects of higher exposure™ (Ex. 84-084 °
p. 193). (The odds retio 13 an estumate of -
the relative risk defined as the ratio of
the odds of dying from cancer urthe
exposed population to the odds of dying—
from cancer \n an unexposed =
population.}

Rubino et al.'s study is unusual in ncic
finding s higher lung cancer nsk among ¢
workers expased to re'stively high -~
laveis of asbestos. OSHA believesaat
the trenas of increasing lung cancer nsk
with both increasing length of follow-up
and increasing exposure are consistent
with an asbestos etiology. however.
OSHA aiso believes that the high nsks
of mortality from other causes such a3
nos-maligrant respirstory disesse might
have obecured (ung cancer risk.
especislly siace these high nsks
sppearad within the first 19 years
following exposuse and ssbestos-related
lung cancer generally has a longer
latency period. Also. OSHA caicuisted
that this study only had 33"S% power 1o
detec: 8 30N incresse in lung canzar nsk

among wockers with 20 or more years of
foltow-up.

Neota.—Stalisteccal powar quantifies Ihe

abekty of @ eindy 10 detect & true reredsed
r.ah of ¢ specified mugrutude and refers to the
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probe of n0t Missing 8 Wree rish.
c...:nb;.' considered desirsble

wun.nw-uwwm.
84-208) investigeted exposure-response
relationships between respire

5.543 men with at 20 yeuars of
latency since first exposure in either of 2
asbestos cament plants were studied.
All men had at lesst one month of
employment before 1870 and thesr vital
status was determined as of Decamber
., 1974 -

Each Mdlmﬂnﬂndﬂl
exposure during the 20 yesrs from initial
exposure was sstimsted in terms of
mpci-years. Mes were classified in ons
of $ diffarent cumulative exposure
categories: 10 or fewer, 11-80, $1-100,
101-200, and 201 or more mpel-years.
Using thie conversion factor of 1:1.4
Wbyﬂa_dnd.lhl

tive exposure categoriss would
booqduhuthuch'u 15-70 M=
140. 141-280. and 281 or more {/cc-years.
luﬁummwlmu

follows. starting with the lowest

category: 77, 70. 28 280, and 228. None
of the other causes of death were in
excens for workers i the 3 lowest

categories.
Concarning their failure to detect
eXCo8S resplretory cancer mortality in
therr lowest ca of exposure,
Weill ot al stated: “Soch findings are
rot necessanly incompatible with &
Linear respoase carve at low doses
because of the relative insensitivity of
currently used epidemiclogic methods ia
detecting slight incresses in risk when
compared 1o They de
indicate, however. thet axy excass risks
at low degrees of expesure are small”

:&.mmrnut::muv-
proportics (28%)

were lost 0 follow-up and
wnwuumhnhd.
underesdma of

r-sk. The upper imite of the e9R
canfidencs intervals of the respiretory
cancer SMR's for the 3 lowest exposure
categories ° from abost 115 to 130,
iadicating, in 's opinion. that
excess riss Sould aot be reled owt for
these categories.

Berry and Newhouse (Ex. $4-021)
studied mortality during 1941-1978 of &
~ohort of friction material production
workers whose exposures were

relatively low. Levels of exposure
ranged from less than 1 f/cc to 5 {/ec
after 1931 and cumulslive

axposure-respoase tionships
asbestos end asbestos-relsted disesses
OSHA recognizes that there are many
ingvitable uncertaintiss associated with

" asbestos exposure. At prescnt. OSHA is

not aware of any ung
that intenssty of exposure will affect
excess risk in @ manner different from
cumulotive - .
encompasses dnuthaolupoun
and intensity of exposure. Most
Mmu:.mhnm
with (ncreesing
tive exposure. Duration of

.npommyhnulndm:

lect on mesothelioms risk (see Section
V. Quantitative Risk Anslysis).

A worker exposed o the OSHA PEL
of 21/cc for 50 years would have s
cumulative exposure of 100 {/cc-yesrs.
Hence. studies of workers estimated to
have received close to or less than 100 (/
cc-years provide evidence concerning
risk from exposure to the OSHA :
standard, sven though ths past
intensities of exposurs may have
exceeded 2 {/ce.

OSHA coosiders that the following
studies have cbeerved incressed risk
close 10 or below 100 f/cc-years. Berry
et al (Ex. 84-020) cbserved a 1%
prevaleace of crepitations, ble
tosia st
37, 48 and 63 (/cc-years respectively

asbestos

Flokels se-004) sheerve
teia (Ex. 84-044) observed a 10%
probability of cartified
asbestosis among
production warkers with camulative
exposures of less than 30 {/cc-yeary who
ummummm
initial exposures.
240) also cbearved excessive jung
cancer morntaiity amoag workers with
average cumulative exposures of 44 and
92 {/co-ysars.

Among asbestos textils workers,
Demant et ai. (Ex. 84-038) observed
exceesive mortality from lung cancer
and son-malignant respirstory disesses
st curnnlative expoeures of less than
1000 {/oc-daye and 1000-10.000 {/cc-
days ( to less than 2.7 and
2.7-374 {/ co-years). Henderson and
Enterline (Ex. §4-048) cbserved about a
2-fold increass in lung cancer mortality

production

workers receiving aa verage
camulative of 62 mpct-yesrs
{oquivalent \0 &7 {/co-yeurs naing &
ummdm

At relatively low tve
exposures, the {ollowing studies did not
cussrre excess lung cancer risk or

108 cement

oaarndonlyasulllnmaumhm
cancer nsk. and Newhouse Ex.
-0n1) mﬂomlm

cancer mortality emong friction material
workers whose cumulativa
exposures averaged less than 50 [/cc-
years. Mesothelioma cases were
cbesrved by Be:try and Newhouse:

J16SE00LS |
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however. their cumulative exposures
were 0ot reported. Weill ot al. (Ex. M-
208) did not find increased monality
from any cause of death below 11
mpcf-years (equivalent to 141 [/cc-years
using 8 coaversion factor of 1:1.4) in o
cohort of asbesiocs coment workers.

m::"uuundmkmm
cumulative exposures.
McDonaid et al. (Ex. §4-003) observed
littie or no excess lung cancer mortality
asbestos miners and millers

receiving
permitted by the current OSHA
standard. OSHA concludes that these
study results provide evidence of grave
danger from low cumulative exposures
1o asbestos.

C. Carcirogenscity ﬁ Asbes:os for Sitas
Other Than the Lung end Mesothelium

1. Int-oduction. A sumber of studies of
asbestos workars have ocbeerved
excasses of cancer st sites other thu
the lung and mesothalium. These sives
nclude colon snd rectam. ssophages.
siomech, larynx, ahryu. buccal cavity.
kidneys. and ovaries. Based on these
stuaies. OSHIA has eu\dudod that
asstroirtestinal ma ies appesr to
have been produced by asbestce inhaled
ia the workplace.

A vanety of mn-buod

epidemiology studies have investigated

the effects of ingeshon of asbestos in
dnitding water. One study suggested
that asbestos iz Unnking water
increased cancer incidence \a Sun

——

Francisco and Oakland (Kanacek et sl.).
while other studies did not observe a
‘relationship between asbestos
drinking water and cancer incidencs
(Hamngton et al. Meigs ot al. Levy et
al) (Kang. Ex. 84=129). OSHA is awsre
that ecological studies y have
cartain limitaticas for the

undta' varigbles such as
migration into and from communities
and muluplc ax 9 other
e chemicals. For

exampie. hcund cancer mortslity tn e
particular community may result from
occupational ex rather than from
carcinogens w1 the drinking water or
smbient air. Because studies of
ey aiont os scslopeal stodies.
many limitstions as [

occupational studies have the potential
to be more determinative concerning

becsuse inhalation rather than ingestion
is the primary routs of
exposure. OSHA has besed ite
mdmnt:‘cmdd‘
carcinogenicity of asbestos for sites
other than the lung and mesothelium on
epidemiologic studies of asbestos

2. Epidemiciogy Studies.

Simpaea studied the mortality of Beifast
insulators employed during 1940, mostly
ia shipyards (1871. 1977) (Exhibits 8=
041 and 04-042). Vital status was
abeerved during the penod 1940-1973.
Excess mortality was obearved from
asbestosis. lung cancer. mesathselioma.
snd gastrowntesunal cancars (stomach.
jejunum, pancreas. colon and rectum).

Elmes aad Sinpooa stated that “both
in respirstory and in gastrowntestinal
cancers thare is the difficuity of
differvntiating between mesothelial and

epithelial tumours® (Ex. 84-042. p. 178).
Ol‘ the total 122 deaths in this cobort.

" either sutopsy information or clinical

information with blopsies and/or
rediographs supplemented the desth
cartificates for all but 22 deaths. By
1984, 13 deaths had been coded as
gastrointestinal cancers on dasth
certificates. 12 of which continued to be
d‘::xﬁcdunnmmcumlam
ahers
obtained. Using the expected value of
.18 deatbs for sl non-respiratory

. cancars that were reported by Elmes

and Simpeon. OSHA caleulated that the
gastrointesunal cancer excess was
statistically significant ot the 0.03 levei
(one-tuiled Poisson test).

information had been -

Elmes and Simpson concluded in their
1971 paper: “Cancer of the lung and
mesatheliomas do not sccount for all the
excess of desths: & significant excess of
other cancers reman . . . and most of
these appesr to be in the gummunal
tract™ (Ex. 84-041. p. 238}. [n their 1977
paper. Elmes and Simpson repor::. 3

gestrointestingl cancer as major causee
of mortality among the survivors
followed from 1967-1973.

Selikofl. Hammond. and Seidman
studied & cohort of 17.800 US. and
Canadisa insulstion workers {Ex. 84—
090). Comparison of .nsulators’ martality
dunng 1967-1978 was made tc age and
calendsr period-specific mortality rates
of US. white males. The large suze of
this cohort resulted in very high
statistical power to detect incressed
mortality from specific causes. --
Therefors. OSHA coasiders that this
study carries much weight with regard
to the quastion of esbestos-induced
mslignancies. The investigstors sought
supplemental clinical, ical, and
aulopey information in to
determing the extent of misclassification
of cancars.

Based on death certificate information
slone. significant excess moartality waa
observed from lung cancer (SMR = ¢08).
mesothelioma {104 deaths). esophagesi
cancer (SMR = 253), stomach cancer
{SMR = 128]. colon-rectal cancer
(SMR =152, laryngeal cancer
(SMR = 191). pharyngeal and buccal
cavity cancer (SMR = 139). kidney
cancer (SMR = 223). &il other cancans
{SMR = 191). and
respirsiory disesses (SMR =319,
including 78 dasths (rom ssbestosis.
With ths excaprion of desths listed as
“all other cancers”. reclassification of
deaths based on supplemental clinical.
sutopsy. and surprcal-date resulted in
slightly highet SMR's for the causes of
death listed abovs.

OSHA believes that Selikoff st a}’s
reclassification of causes of death 1s
justifisble because misdiagnoms of
mesotheiioma and asbestosis can occur
due to these conditions’ resemblance to
more common diseases. Furthermore. it
is possible that metastases from primary
lung cancers could be misdiagnosed as
pnmary cancars of other sites. and vice-
versa. One dissdvantage of

reclassification of desths. however. is
that ta¢ extent of misclassification in the
compariscn populatioa of U S. white
males remains unknown. Nonetheless.
OSHA 2¢lieves that, for this partic:ilar
cohort. the acvantags of ceclassification
in terms of improving the certainty
sbat the :auses of duth outweighs the
disadvantage.

g/650001S
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[a the category lisied as “sll other
rancers.” 233 daaths were ebeerved
compared 10 131.8 Jesths expecied. The
axcess 1 this category was mosty due
to incrensed mortality [rom pencrestic
cancsr (SMR = 281). liver and biliary
tract cancer (SMR = 283). prostate
cancer (SMR =137}, and bruia cancer
(SMR = 163). When recisssified
uccording 10 supplemmental informetion.
the pancrestic cancer excess declined
greutly and the liver and biliary tract
cancaer excess disappeared.

Selikofl. Hsmmood. sad Seidman
concluded: “Asbesios insulstion
workers in the United Stales and
Canads suller an axtreordinary
incressed risk of death of cancer and
ssbestosis associsted with their
;mprym includes increases ia

es cancer. pleursl
mesothelioma, peritonesl mesothelioma,

saveral othar sites. as well, but data are
insdequate at this ime to permit
charsctenzation of their ificance.
although ettention is to such
wider increase” (Ex. 84-000. 114).
Demant and collegues (Ex. 84-337)
observed & statiatically son-significent
incresse in digestive cancer mortality
(SMR = 131). When Demant ot al.
coafined their analysis to white males
with latency tatervels of 18 or more

- ysars snd examined

relationships for digestive system

cancar. SMR's increased with increasing

cumuistive exposure. ranging up to 30
Because of the small aumbers of desths.
none of the excesses of digestive cancer
in any of the exposure categories were
statistically significant

McDonsld and colleagues (Ex. 84-088)

observed some ir.creases (not
statistically significant) in martality
from esophageal snd stomach cancer
and from colo-rectal cancer emong
zhrysatile suners and millery in Quebec.
Castrointertinal cancer SMR’s increased
with heavier cumulstive exposures.
Seidman. Selikofl and Hammond (Bx.
84~087) studiad s cobart of 630 amosite
insulation production workers employed
st 8 New jersey plast during 1941-1843.
A statistically aeu-upi‘laﬂ excess of
gastro:ntestinal cancar {(esophagus,
stomach. and colon-rectum} was
2bserved (SMR = 121). Henderson and
En‘erling (Ex. §4-048) studied the
monality during 19€1-1973 of 1348
re‘ired asbesios {actory workers. Ffty-
Tve deaths from digestive system cancer
were observed compared to 39.9 desths
e.pected 1SMR & 137 8) (OSHA
calculated :hat this evcess was
statistically significant st the 0.09 level

using 8 ane-tailed Poisson test).
Nicholson. Selikofl. Seidman. and
lummond (Ex. 84-231) siso studied o
cohort of U.S. asbestos factory workers
and observed a statistically non-
significant 1.3-lold excess of
inal cancer. Newhouse and
2y (Ex. 84330} observed o

cancer SMR ol 18 in e
London esbestos factory
workerys (80 deaths observed versus ¢4.2
expected) (OSHA calculsted that this
excess was statisteslly significant st
s coe-tailed Poisson
test). Puntont ot ol. (Ex. 84-208) studied
the mortality of shipyard workers
exposed to asbestos in Cenoa. italy.
These workery ware also exposed ts
other toxic substances. including silica,
benzene. carbos and

incresses in mortality from colon cancer
(relative risk = 1.81). All of the studies
listed in this parqnmbo obeerved

hnmo&umm?:wﬂhn
abeerved excesses of digestive sytem
cancar. Robinsca ot ol. (Ex. $4-082)
observed an SMR for digestive system
cancar of 121 (oot a stetistically
significant excess) smong asbestos

workers. Kleinfeld ot ol (Ex.

84-140, 84-141) obeerved an SMR of 400

anthophy
uhunanm&dwmm)
also observed s significantly elevated

8 statieticaily noo-significant 2-fold
increase in mortality from digestive

Seidman, Lilis. end Formby “-ory),
who studied the o v
chrysetile miners
Quebec.

cament production workers. siso did not
obsere an excess of cesths from
gastrointestiaal cuncer. Other
investigators wne did sot cbssrve aa
{acrease m gastrointestinai cancer

(friction materials production workers),
Rubino ot al (chrvsctile minere),
Meurman at al [.nhophyllite miners),
Brown ~t al. (tale workers
ushestoe). Weiss (chrysotile

workers). McDonald snd McDonsld
(asbestos gas mask workers). Peto et al
(ssbestos textile workers). Thomas et al.
{ssbestos cement workers). Rossiter snc
Coles (shipyard workers). and joaes et
sl (asbestos gas mask workers) (Ex. 84=
8}

When non-gestroin
sites other than the
mesothelium are consi at least ¢
studies obeerved excesses at these other
sites: Selikoff ot al. Shettigars and

Puntoni et al. Stall and
Other studies have not ocbserved
excesses of cancers et other sites.

Ona issue which the Agency had to
address was bow to weigh the positive
epidemiologic data versus the noa-
positive epidemiologic dats. One
consideration is statistical power. the
ability to detect & true risk if such & risk
exists. The Chroaic Hazard Advisory
Panel 0n Asbestos (CHAP) convened by
the U.S. Ccasumer Product Safety
Commission did oot find & consistest

testinal cancers ot

gasirointestinal cancar risk. CHAP
observed that studies with b.gh lung
CADCAr eXCas8es were &iso likaly 10 have
found gastrointsstinal cancer excessea.
Because high lung cancer risks would be
expected 0 have resuited from
relatively high exposures. this
chesrvation suggests that
t CADCET EXCRISES are

‘ound where exposures are greatar.
which incresses the plausibility of thare
being & trus sssociation between
usbestos and gastrointastinal cancer.

(n summary, ot loast 12 different
occupational cohorts exposed to
asbestos have been observed to heve
excesses of mortality from
gastrointastinal cancer, 7 of whick were
statistically significant. OSHA considers
that thess findings constitute substantial
evidence foe an associatica batween
asbLesioe exposure and gastrowniestinal
cancer riak. The evidence for s
re.ationsiup between asbestos exposure
ard cancer st other sites is noteworthy
yeot not as substantial as that regarding
gestrointestinal cancer.

Goldsmith (Ex. 864-233) reviewed the
evidence for & causal relationship
tetween asbestos exposure and non-

6/6G660015S .
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pulmonary cancer in 8 studies of 11
occupational cobarts followed for at
least 20 ycars sincs initial exposure. He
concluded that the dets “cast doubt on
whether there is am-mdfodcy of
ssbestos-related cancer™ and that “s
orm role is more uhlv

i of
ingested asbestos. Inhaled ssbestos is
thought to enter the digestive tract when
ashestos fibers caught in the mucous
lining of the lung are brought up to the
throut and swallowed. Alsa. (ibers
caught in the noss may travel down to
the pharynx (Kang. Ex. 84-139). Evans et
al. (Ex. 84~238) conducted an inhalation
study in rets of redio-labelled
crocidolite; The redio-labelied
crocidolite truveied 10 the larynx,
esophagua. and gastrointestinal tract
immedistaly slter exposure. and was
largety excreted in the feces within the -
30 days fol i

smosite. tremaolite. and crocidolite in
feed (1% of diet) t0 laborstory snimale.
increased incidences of tumors have not
been reported in any of the NTP studies
(Exhibits §4=223. 84228, 84~227, $4-228).
in some of the studies. relstively short
fibers were edministered. The asbestos
doee of 1% in diet was not the

et carciaosvasmis Lissecaye” e

W“MW&LD«U and
Tarone (Ex. 34~300} examined the effect
of oral exposure 10 amoesite or chrysotile
on gastroiatestingl (Gl) carcinogenasie
among F344 rats who had been injected
with azonymaethane. Azoxymethans is &
well-recognized intestinal caranogen for
laboratory smumals Rats were also
exposed to amosits slone end
azoxymethane slons. The axposure
period was 10 weeks and the rets were
observed for 93 weeks or more (some
rats did not survive s loag as 98 -
weeks). Although amosite end chrysotile
exposure did aot significantly incresse

carcinoma compared 0
amorg kistoncal eqmd 7344 rats
nairtuined ia the same laborstory.
Vard ¢t al. commented on these
findings: “The results of these -
expenimaents suggest that oral usbesios

a\posure may have csused an increased

incidence of intestinal tumors 1a male
144 rata .. Although our findings did
rul conciusis ely demonstrute the co-
carcinugenic or carcinngenic effect of
asbesios for the intestinal tract. our

results suggest that additional sennilive
amirmal experiments are needed”™ (Ex.

«4.200. p. 311}

Boitoa. Davis. snd Lamb (Ex. 84-214)
administered smosite. crocidolite. and
chrysotile in diet supplements 10 Wislur
rats lor periods of up to 23 months.
Malignaat tumors. including Gl \umers.
were not increased in the asbestos-
exposed animals compared to the
controls: however. chrysotile-irssted
rate had @ statistically significant excess
of benign tumors. The excess of benign
tumory in chrysotile-trested rets was
largely due to an excess of mesenteric
hema Bolton et al. thought that
the observed excess of benign tumors in
chrysotile-treated amimals was not
likely to be due to asbestos because
they did not cbserve esbestos fibers in
the mesentaric lymphatic tissues of the

snimale.

Donham. Berg. WL ead Laininger
{Ex. 86-222] led F344 ruts a diet
consisting of 10% chrysotile. A total of
180 ssbestos-fed rats and 312 control
rats were studied. Regsrding their
findi Donham et cL stated:

mﬂanunhcuhnl.\nlnllhm
svidencs that ingested

ubutu may have mm role in colon

carcinogenesis . . .” 84=222, p. 1080},

Smith, Hubert, Sobel. Peters. and
Doerfler (Ex. 04-183) edministered
amosite ssbestos in drinking water to

of the Lak: LVG strain
for periods p o 12 months.
Thare was some clusteria, of malignant
tumors. including s peritonesl
mesothelioma. s pulmoasry caranoma.
and 2 squamous call carcinomas of the
forestomach. in the hamstars exposed 1o
amosite (4 of 180 animais). None of the
control animals developed these types
of malignaat tumars. Smith et al. did not
consider the clustering of malignant
tumors ig amosite-exposed amumals to
ba related to their ingestion of amosite
because these types of tumors have
been observed in coniral Synan
hamsters of the Lak: LVG strain by other
tavestigators.

OSHA considers that there is some
evidence that oral ingestion of asbestos
is carcinogenic to luboratory snimals
however. this evidencs is rether
inconsisient. The generalizability of the
ara-pontive NTP stcaies is somewhat
limited by the low doses aad short fidery
that were administured to the animals.

4. Sunman. In summary. st least 12
spideminwg:c studies have observed
inceayed mortality from
gesiroiniestinal cancers among workers
exposed 10 asbestos. 7 of whick werg
swtistically significant. Also. st lesst ¢

epidem studies have obrerved
excenses of cancer al sites other then
the respiratory tract. mesothehum. und
gastrointestinal trect. A aumber of other
studies have not observed increases in
mortslity from cancers st sites other
than the lung snd mesothelium. It is
possible ktm to umdum
peritones! mescthelioms
strointestingl or other mun:
. the excess of gasirointestinal

mmn‘m sfier Elmes and
Simpson and Selikoff et ol. reciassified

‘causes of death using supplementsl

autopsy, surgicel. and clinical
informatien. OSHA believes thut the
results of these reclassifications
conslitute additional evidencs for an
association between asbestos exposure

and development of gastroiniestinal

increased mmmml
cancer as non-positive
epidemiologic studies and um-polltno
and equivoeal findings [n animals
:gmn. asbestos. Dose-response
tionshipe for gastrointestinal cancer
are charecterized less well than lor
respiretory system cancers.
Nonetheless. OSHA councludes that
gastrointestingl malignancies should be
included in quantitative analvses of
sxcess cancer risk from asbestos
exposure becasse such cancers have
made uboumul coatributions to the
incressed mortality of many cohorts of
asbestos workers. Otherwise. excess
cancer risk from asbestos exposwrs )
would be understated. -t
The excesses of malignancies st sitescD
other then the lung. mesathelivm. and —
gaatrointastinal tract observed by =3
Selikoff et al. are particulariy o
noteworthy because of the large size of
Selikoff et al’s cobort The :arge size of <2
their cobort resuited in a high degree of &2
statistical power and ¢ high degree of O
stability for the obeerved SMR's. OSHA
considers that asbestos might incuce
cancsr st sites other than the lung.
mesothelium. and gestrointesnnal rect
besed on the studies finding cancer
excesses at these other sites. sspeciaily
the study of Selikoll st al. OSHA will
oot attempt to quantify the excess risk
st these other sites in relation to
exposure. OSHA visws the evidence for
asbestos inducing gestrointestinal trsc
cancar as stronger and mors consistent
thua the evidence for esbestos inducing
cancer ot ‘hese other sites.

D. Effects o’ Cigorette Smoking

:. Intreduction. A multiplicative effect
of asbestos exposure and cigaretts
srwking with regard -0 producing
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increased lung cancer righ was shuwn in  (rom lung cencer that was 8 times higher  smoking and nua-smoking ssbestos

& 1968 paper by Selikoll. Chury. snd
Hammoad (Ex. 2-§). Subsequently. other
studies of eccupational cohorts
confirmed this finding (Sefikoll.
Scidmen. and Hemmond. Ex. 84-180
Hammond. Selikofl. and Seidman, Ex.
84-047). Cohen et al. (Ex. 34-031)
obeerved clearance [rom

19 be ot higher risk of
8 0sis snd chest X-ray
abnormalities. including pleurnl plaques
(Hammond ot al. Ex. 84-047; Weiss. Ex.

insulation werkers with a follow-ep

prospective study
conducted by voluntesrs. snd consisted
of 73783 white men who had a0 more
than & kigh achool educston. were aat
farmaers. were alive as of Janvary 1.
1987, and bad s history of occupational
ex0osure to dust, fumes. vapors, gases.
chemicals. or radistion. The msfar

genenal US. white mals population
Age-standardizad lung cances
mortulity rates for contrels and for
usbestos wurkers are given ia Table 8.
As shown in Tabile & non-smoling
ssbestos workers hed s mortality rawe

than that of non-smaoking contzuls. The
lung cuncer mortulity of smeking
aabestos - rkers was elso § limes

higher than the controls with & ustory of

cigaretie smoking. Thus, for both

workers. the relative risk of Jaath from
lung cuncer was about $-fold. HHence. the
relationship between cigareiie smoking
and ssbestus axposure can best be
described ss multiplicative in nature.

fesle §

Aga-3tansare’108 Lung Cancer Destn dates

by $msaing tatss e Gccupationsi

mistary of Assestes (apesure

Expesure nstery of
ts Cigaretta Oeata Morgality rortalie,
rous asestas?  Secuingf Rstee " Oifferenca  datie
Centreis L] - 1.3 0.0 1.00
Asbestes * )
uersers Tas ~» 8.4 -&a $.17
Contres . Yes 2. 1.3 0, 68
Ashastes .
wriers Tes Tes 601.6 *490.3 $3.2¢
"Mate por 100,000 aen-rears $1andardiZed for age 00 tha €15%: 10usion of tne
Saneyoirs of all the 450€STEN worzers (8ased en esath certificata 'aforsation)
Fres nasmans ot 3., (2. 04 047
thess data. the NIOSH/ $42 amosite workers. 387 of
OSHA Asbestos Work Growp stated: whom hed smoking histories (Ex. 8-
“The combined offect of smokng and 10). As in Hammond et al's study.
oshostss exposure appoers \c be mare then  Comperiscn was mads to sge and cause-
simple sddivion_ (f the combined effect were  Specific mortality retes withia esch

would be §3 {§ dswe 11) Umes greater than
hese who were exposed nsither to ssbestes
oer w smehing. The menaiity ratie for thess
exaoeed 9 asbes:os and g cigareties was
octuslly 33247 (Ex. 84=300. p. 27}

Selikofl, Se:dman. snd Hammond

amoking status category of the American
Cancer Scciety (ACS) cobert. Non-

smoking amosite ‘workers had & grester

tagn S-iold increase in lung cancer risk
compared (0 non-smokers in the ACS .
cohort, while amosite workers W
had an almost $-fold incresse compared

to their smoking ACS counterparts. -l

noa-smokers. Selikoff ot al. stated that O
asbestos exposure alone produced an —
increased risk of lung cancer. slithough
the increase among non-smokers was o
‘imited in tarme of towal numbers of ol
sdd!tional deaths. For cigarette smaking
asbestos workers. Selikoff ot ol -
described the incrected numbers >f lung
cancer deaths as “devasteting = Selikof!

ot al. obeerved no increased risk of

death from mesothelioms.
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s imienstingl Cancr, snd uslastasin
aattf smwhing amosiie waorkers

o pered to nun-amohing amosite
wuthers.

)t Divease end Chest X-ray

i.crmalities. Hummond et al. reported
th.:t ysbiestonis worhers why smoked
ue of more packs of cigarettes per day
cad un asbestos moctality rata 2.8 times
higher than that of asbestos workers
who had never smoled regularly (Ex.
8+-0471. Hammond at al. also reported
that ex-smokers who were asbestos
workers had substantisily lower desth
rates thun asbestos workers who had
not quit smoking.

Weiss (Ex. 84=007) conductad a chest
X-ray and quastionnaire survey of 100
asbestos laxiile workers. Weiss
reporied that workers had »
40% prevalence of fibross
and nona workers had & 48
prevalencs of fibrosis. A

dient in risk of fibrests was cbearved
or both incressing age snd \ncreasing
duration of exposure. The age
distributions of the smakers and noa-
smokers were similar. as were the
maedian durstions of exposure o
asbestos. Weiss coacluded that both

smokers using a chi-squared test of
prepartions and did not find »
significans differenca {p greater than
0.1}

(n 1981. Weiss. Lavin. and Coodmaa
{Ex. 84~099) reporied the resuits of &
survey of 43 man aged 40 er mors who
had worked 1 or more years tn an
asbestos wan plaat. The

exposure. which alsc seemed o
.afluence the prevaience of pleural
aquus. Weiss of ol. stated:
“Cunclusions are restrained iy the small
sumber of workers m this nvestigation. A

e 1 Lut wASHEE T the Qurstion 4¢ o
whether the orsorintion berween plaques and
sah g s spurinas will require « much
Lerpoe resonrch effon. prefeenblis 1n & cubort
stuady " (En. S0-{0. p. 429).

Peurile (Ex. 84-079) surveyed 131.
ssbestus-evposed shipyvard workers to
determine the relstive contribution of
sshestas exposurs and smoking 1o lung
function decramaents gnd chest X-rey
abnormalities. Pearie found that both
cigurette smoking and ssbestos
exposure reduced FEV1 (forced
expirulory volume ia ) second) 4nd FVC
(forced vital capacity). with combined
evpasure having 8 “cumulative or
possibly stic effect” (Ex. 84-079.
. 30 Pearie also reported that both
smoking and asbestos exposure
produced pleural und interstitial
sbnormalities and that smoking
appeared to be the primary factor in
sirways obstruction and diffusion

impairment. .
gtry. Gilson. Holmes. Lewinsohn.
and Roach (Ex. §4-020} studied 379 men
empiloved at an asbestos textile mill as
of june 30, 1988 Smoking histories were
svailable for 378 men. Men were
classified as having never smoked. as
ex-smokers. or as current smokers (light,
medium. or heavy cigarette
coasumption). The mean cumulative
sxposures (fibers/cubic centimeter-
years) were similar among the smoking
siatus groups. and sge adjustments were
made 10 accousnt for the younger ages of
cca-smohars. Significantly greater
prevalances of crepitations and small
radiolagical opacities were observed in
heavy smokers and ex-smokars
compared to non-smokers and light
smokers. For example. 16% of Leavy
smokers employed after 1930 had small
radiclopcal opacities compared to 4.8%
of never-emokers employed alter 1950,
Kilbum (Ex. 84=237) has reviswed the

studies of the relationship between
cigaretie smoking and X-cay evidence of
pelmonary fibrosis. Kilbura criticized
Weiss's use of & defimition for
puimonary Bbrosia other than that of the
IO in lus 1971 study. as well as the
small number of workers reported on in
Waiss's 1971 paper and hia other pepers.
A study by Saraet et al. which included
8 relatively large number of scbjects
and which did not find an effect of
Cigareite smoking on radiclogre
abnormzlities charsriensue of
asbLestosis was cited. Kilbura concleded
that ciparette smoking neither produced

X.ruy agpeacunce uf pulmonary flitos:s
nur cominbuted to fibrosis resulting from
anbestos exposure.

in summary. thers is some e+ 1dence

thut smoking asbesios workers have «
higher nsk of mortality from ssbestonts.
a8 well us 8 higher prevalence of
crepitations. lung function decrvments.
nnd small re opacities. This
evidencs is inconclusive.

4. Annbuting Probable Etoloyes t
Luay Cancer Among Indn wdual
Asbrgtos Warkers Enterhine (En. 84= -
120} unalyzed the probability that any
single case of lung cancer in a person
with hnown exposure 10 asbestos could
be attributed 10 the usbestos exposure
His paper emphasized that it cunnot Le
stated with cerrenty that a lung cancer
in a0 individual worker was due to
u!mu‘:; bc:pm::c rather. statements
can on made concerning
prubasiliities of cause sad effect. He
convertad observed relative nsks into
probabilities using the following
formula:

imrevmst Sopaeing o L Comer vy
- @ enm (e

—amein.y -

anim bem

Usiag Selikoff et al."s data on
insuiators. where a relative nsk of about
4.3 was observed for smoking ssbestos
workers and non-smoking asbesios
workers aliks. Enterline esumasted a
probability of 73% that lung cancers
were aitributabie to asbestos axgosure
for both smoking and non-smoking
ssbesios workers (3.3/4.5 « 100 is about
Q.73).

Enterline's puper 13 impaoruant in
axploring the extent to whiclt asbestos
can be ccasidered the eticlogic agent for
lung cancer in exposed workers.
However. in the case of smoking
asbestos workers. dichotomizing
causation as eitber dus ta smoking or
due to asbestos does not seem
Jppropriate to OSHA, because of the
{acior of synergism between cigarette
smoke and asbestos. Using Selikall o1
al.'s data. probabilities of causation

were estimated by OSHA for each
stiologic facwor {See Tables 8 and 7).

1S5
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LUNG CANCER MORTALITY BY SMOKING STATUS-/

Tadle 6

1

Lung Cancer Rate per 100,000 per Year

Ssoking Aspestos Insulators: 362.0
hon-Smoking Asbestos Insulators: 40.4
Smok ing U.S. mlu; 74.4
Non-Smok ing U.S. Males 9.2

] Yerom selinate ot al., 1979 (Ex. 84-090)

Tedle 7

PERCENT ATTRIBUTABLE RISK FROM ASBESTOS EXPOSURE ARD SMOKING

Lung Cancer Risk

% Attridutadle Risk

and gast-ointestinal malignuncies.

Attridbytadle for Asbestos Workers:
To: Formula L Smoking  Non-Smoking
Sackground 9.2 2.5% 22.8%
Ascestos alone  40.8 - 9.2¢ 3.2 8.63 n.za
Smoking alone 76.4 - 9.2= 65.2 18.0%
Interactin of 362 - 9.2 - - .
Smok ing and N.2-8.2" :
Asbestos 256.4 70.8%
Wt X
Whiie OSHA's calculations differ thereby presenting & significant health
" from Enteriine's calculstions of rish to exposed workers end & grave
sir:butabie sisk by including the danger under current exposure
syneryism {actor. the probability conditions. Cigaretts moua. by itself
estimates dc not dlffer much. According  can csuse 'urng discase and lung cancer.
tc OSHA's calculations. asbestos Cigarstte and asbestos exposure
cxpascre contzibutes 10 79.4% and 7728 appear w0 have & muluiplicative
of lung cance™ deaths smong smoking ~elationship for c.rusation of lung
asbestos workers and aon-smoking cancer. Mortality {rom esbesiosis has
asbestos workers respectively. bees reporied 10 be incressed ia
S Summary. OSHA considers that cigaretig-smoking asbestos workers
asbestos exposure by itself can cause compsred (o non-smoking asbestos
lung cancer. astertosis. mesothelioms.  workers although this evidence ie

iaconclusive. Plrural plaques and the

]
N

radiologic sbnormalities charactenstic
of pulmonary librosis hava aiso been
teported to be more prevalent in

ciguretie-smoking asbestos workers: this

Mdmah aiso inconclusive. Ex-
asbesios workers have been
te have decreesed lun' cancer

risk reiative 1o smoking asbesios

::mnmu 00 evidence for any

Umﬂvmm smoking
and induction of mesotheliomas and
gastrointestinai malignancies.

& Relative Carcinogenicity and

Toxicity of Different Fibers

1. Introduction. OSHA has reviewed
the data concarning the relstive
carcinogenicity toxicity of different
asbestos (lber types and has decided not
to make distinctions in this emergency
tsmporury standard by asbestos fiber
type with regard 1o regulatory
provisions designed 1o protect workers
from the barmful effects of asbestos

exposure. Maialy. this is because lung
wh&.ludﬁnumofdu&

associated with ssbestos snd
there do not appear tc u%u
Immdlhbyllhc'yp.

- $ome imvestigators end committess

have suggesiad that different fiber types
dubumhndlﬂmmw

Weill of ol (Ex. 84-208). Acheson snd
Gerdner ‘Exs. 84-013 and 84-243). Muir

Theee scientists generally believe shat

crocidolite and amonite are more

carcinogenic thas chrysotile and

anthophyilite. Based on these scientists’

recommendaliona. bath the United

Kir.gdom snd the provincs of Ontario.

Canada have promuigated the followning

standards ior ssbestos:

0.2 fibers per cubic ceatimeter (0.2 [/cc)
for crocidolite

Q.3 fibers per cubic centimeter (0.3 [/cc)
for amosite

1 fiber per cubic cntimeter (1 [/cc) for
dlqwﬂ. and all other forms of

M the United Kingdom has
acnounced reductioas in the limits for
d:rynuhudlnnun.uuunpomm to
aole that the question of differentisls in
potency by fiber type primarily concerns
induction of mesotheliomas. not

asbestosis and lung cancer. For
mescthelioma. Acheson and Cardner in
1879 described "s powerful case. * * *
that crocidalite has been more
dangerous thaa chrysotile end
anthophyllite™ (Ex. $4-218. p. 11).

whereas they characterized evidence for

w
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fiber n-po differentials in risk from lung
cancer ard ssbestosis as “inconclusive”
and “elight” respectively (Ex. 84-216. p.
1L
in 198, Acheson and Curdner stated:
“Pentones! mesothelioma has an simost

uduunnl.douhbwuhc ©
the amphiboles crocidolite and amosite™

(Ex. 84263, p. 8).

cancer. noted thet a one

study (Weill ot ol Ex. 84-208) found

o higher risk among workers sxpased to

crocidolite. no “clear distinction™ of risk
byﬁbutypceouldbo!oundwhcalh

slopes of

compared. Hencs, euudodod that
svailebls evidence did not suppoct the
assumption that chrysotils wes a less

and inconclosive Aindings with regard to
lung cancer differentials by fiber type.
For peritonsal mesothelioma. CHAP
concluded thai epidemiclogic studies
suggested thal this dissase was moet
common ia amosite workers, lass -
commoe in crocidalite workers and rere
or noo-existent in chrysotile workers.
Evidence for o fber type differential in
piewrs! mesothelioma risk was not
considered by CHAP to be aa
substantiel as foF peritoneal
masotheliom

%
Some heslth scientists who believe

'mntmmmddiuw

separats regulstory trestmant for
croadolite (Ex. $4~218). OSHA has been
urged 1o consider requiring that warkers
exposed to croaidolite or asbestos
mixtures contaning crocidolite wear
appropriste respirstors. irrespective of
airborne concenrations of asbestos and
irrespective of compliance with the
permissible exposure Bmit, Furthermora,
osmhumrawﬁhm

requiring (hat employess axpossd e
cmcdouhhhluuddhm
grestar risks sssociated with crocidolite

respirator

and the ressons for

axposeres
occur. OSHA (avites commaents on this
sum and ca other ;l“’umun

1o separste story
«.riouu-at of crocidolite.
mt;‘:. mu«ﬁfp bet

concering 'ween
fiber dimensions and sbility to cause
disesse. OSHA believes that asbestos
fibers longer thaa $ misrome:ers (um)
cause disense and cancit. provided
that ‘he ratio of fiber Imch to fiber

width 19 3:1 or grester. Evidence for risk
from fibers lass than § um in length is
inconclusive.
A critical analysis of the evidence
conceming risk differentials by fiber
dimension foll

sasociated with elevated risks of
sshestosis. lung cancer. and
mthclimnﬁcth«uposuru
occurred 1o 8 single fiber
various combinations of mm
(NIOSH/OSHA. 1900, £x. 84-320).
Excess lung cancer risk snd asbestosis
have been observed in anthophyilite
ssbestos workers: however. 0o ceses of
mesothelioma have besn reported
smong anthaophyllite workers.

For amosite. an association between

exposure and dissase has been

Mbyhfﬂbmwmm
Seidman ot al. (Ex §4-087), Anderson ot
ol (Ex. 84-017), and Murphy et ol (Ex.
84=-211). For chrysotile. the {ollowing
investigstors have obtained positive
findings: McDonaid et ol. (Ex. $4-088),
McDonald and Fry (Ex. 8¢-084). Liddell
ot al. (Ex. 84~098), Nicholson et ol. (Ex.
94072}, Rubino et al. (Ex. 54-000),
Demaent ot ol. (Ex. $4-337). and Acheson
and Gardner (Ex. 84-013}. Por
wumﬁnmm
obeerved by the following investigators:
luund.(la.“—lal.ﬂobhlud.
(Ex. 84-132) and McDonaild and
McDonald (Ex. 86-15¢). Meurman ot al.
(Ex. 86-181) obeerved an excess lung
cancar risk among ssthapbyllite miners
in Flaland. la sddition, rumerous
studies have observed asbestosis. lung
cancer. and mesothelioms among
workers exposed to mixed fiber types
{Hugbes snd Waill, Ex. 84-13% Weill at
sl Ex. 84-20k jories ot ol Ex. 04-13&
Barry of ol. Ex. 84-020x Eimaes and
kaﬁuﬂd.m
Lacquet ot al. Ex. 84144 Selikoff ot al.,
Ex. 8¢-008: Robinson et al. Ex. 84-042 °

within the same industrial process.
UMoubmﬂy this is due to the scaraity
of such occupational groups since most
occupationel mu:sb::w n?l“:oﬂ
cxpond (0 # mixture and s
bers. Therefore. most of the dats on
a.mmw risk z fiber size are from -
experimentsl rether thas
spidemiologic studies and will be
dm:uu«l in section (DX3) Experimental

!uhunn‘ the nlo tive carcinogenicity
of the different ubu:c ::r an:
involves comparison ts
different epidemiologic studies. OSHA
believés that it is iamn( 0 note the
potential difficulties of companng

cohorts.

Standardized Mortality Ratios (SMR's)
sre risk measures that are dependent on
the age distribution (as well as other
{actors) of the particular study
popuistion. This is because the values

lacressing 00 thet an
older population ‘nuricv' higher
expectsd values for cancer monality.
Misleading resulta may be obteined
when comparing risk measures for »
cancer 8 study populations wi
diﬂumm age distributions.
mislesding resulls

illustrates that SMR's of diverse siudy
popuiations may be the same while the
sctual excess risk of mortality may vary
greatly becauss of differences in sge
distribution. Sex and calendsr penod of
absarvation aiso sffect expected vaiues.
because women have lower mortality
rates from lung cancer and lung cancer
bas risen greatly sinca Lhe 1940°s. _ength
of follow-up 15 another pivotal vanabie
because d ths long latency pcnodn
necessary for developmaent of lung

and Balseiga-Monte and Segarra. Ex. 8¢ cancer and especially mesothelioms.

019). Also, several studies of taic miners
and millers. where the tale contained
tremolile and antbophyllite. have
observed excesses of lung cancer sad
I\qdunu and reducticas i
(Klainfeld ot ol Ex.

pulmonary funchea
84=140. 84-141: Brown ot ol Ex. 04-M2%
Gambie ot ol Ex. 34-181). In addition.
zeclite. 3a ssbestiform misers! found
the soll and water ia twe villages in
Turkey. may Le responsible for thoes
villoges' high mortality rates from
mesothelioms (Artvizli and Baris, Ex.
8401 Baris et al. Ex 84=110).
OSHA is not aware of any

epid=riologis s'udies whizh compars
wuekers expused to dilferent fiber sizes

Epideniologic Stuaies of Lung
Cancer, Mesothelioma, and Absestosis:
The lollowing studies examined ths
questioa of diffsrential long cancer nsk

by asbestos fiber type eoapamn the
mortality experiences
cccupational coborte H:Deuld and

McDonald (Ex. 84-134). Hendassan aad
Enteriine (Ex. 4-048). Weill ol al. (Ex
84-208), McDoaald and F:y (Ex. 86-084).
mdA:hnnnaL(hMl).Somel
tnese stucies alec addressed the
question of d:Terential mesothelioma
sisk by fiber t(ype. Some sddit:onal
studies of workers exposed 10 s ningle
fiber type utw also pettinent to
evaiuation of risk by fiber type.

-9
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including McDonasld et al. (Ex. 84-088).

Conceming Henderson snd Enleriine’s

Hobbe et sl (Ex. 84-137). Weiss (Ex. 84 findings. OSHA notes that the asbestos

096}, Dement et ol (Bx. 04-037), and
Berry and Newhouss (Ex. 84-021).
McDonald end *cDonsld (Ex. 84-134)

acturing crocidolite-containing
ges masks. For gas mask workers. 13%
and 10% of the cbeerved desths were
from lung cancer end mesotheliome
e 'hm““m
obeerved among chrysotile
miners and millers weve from lung
cancar and mesotheliome respectively.
One potsatisl problem was that the
personnei recards of the crocidolite
wotkers were incompiete. which could
result in bisses towerd obeerving

!

responsible for the increased risk™ (Ex

“-2M)

cement pipe exposures may have bess
mwmmmzmmu
and that some of the workers thought to
ulybchtys:ﬁh

group of

Weill, and Waggenspack (Ex.
4-~-200) the mortality of asbesios
cement workers in two plants. In
the first workers were exposed o
both crocidolite (3% of product) sad
in the second

o amosits (1%
crocidalite

considered a possible explanstion for
the observed differences. {t s not known
if the 79% follow-ap rate may have
coatributed to these
differences.

£y
!
i
i

|

it
il
il
HER

one or more years of employment and at
least 15 yeers of follow-up had ¢ lung

- cancer SMR that wes 8|

686660015




P

Federal Register / Vol. 48, No. 213 / Friday. November 4. 1983 / Rules and Regulations

51113

the diumeters of the fibers. rendering
them more hazardous. OSHA coasiders
that this study tive
evidence for g type diflcrentiai in
mesathelioma risk: however. this
svidencs is not conclusive because of
the lack of information oa the sir
concentrstions and durstions of

mmplm«hdmdlm

cancer mortality, aithough only the Plant
2 excess was statistically significant
OSHA calculated that the statistical
power to detact g 0% increase (n lung
cancer risk was only 19% at Plant 1.
Civen the low power to detect incressed
risk at Plant 1. OSHA betieves the
staustically non-¢ excess of
lung cancer at Plant 1 should not be

pected
~alues for mortality were derived from
UJ.S. mcrality ratas.
Dement ot al. suggested that the
higer.risk of respiratory cancer

mortality in their chrysotile sxposed
cahort compared to cohorts of chrysotile
miners snd millers may have besn due
(o different fiber size distributicas.
Using expected values of lung cancer
mortality derived from the South
Caroling county in which the

textile plant was located. instead of US.
mortality retes. would have reduced the
lung cancer SMR's for the cobort
because lung cancer mortality retes
were 7S% in the county than ia

McDonald and Pry (Ex. 84-004)
[ i report oa their

sad (2) having any Social Security
Administration filee. Vilal statas was
determined as of December 31. 1977,
Thae overall regpiratory system cancer
SMR was 288 at Pant A. cocfrming the
high tunj cancer risk observed st the
same plam by Dement and colleagues.
Furthermora. McDonald and Fry noted
that their inclasion of clerical workare
ard workers with 1-5 months of
axporre ia the cohoet, unlike Dement ot
sl probably reduced ot sesved
sespi;atory cancer risi. Among male

-

workers emploved 14 years at Plants A,
B and C. respustory system cancer
SMR's ware 238, 148. and 41
respectively. Among male workers
employed 20 or mare yesrs at Plants A
L. and C. respitstory sysiem cancer
SMR’s were 314, 168 and 140
respectively. The lower respiretory
cancer risk ia men in Plant C was
unexpected. given the air -
concentrations in Plant .

A different patiem of respiratory
system cancer risk was spparent for .
femsls workers compared to male
workers howsver, the female mortality
rutes were oot stable because of the .
small number of deaths. Female workers
in Plants A. B. and C had respiratory
system cancer SMR's of 4. 34K and 52

respectively.
McDonald and Fry characterized the
diffsrences in the distribution of
mesothelioms desths among the 3 plants
83 “striking.” Plant A bad 1 desth from
mesothelioma (=0.1% of all deaths) and
Plant B had 0o deaths from
mesothelioma. Plant C had 18 dasths
from mesothetioma (1.20% of all deaths)

. an even ter oumber of
m ocourrred at

Plant C, dus to uarecognizad csses being
coded as abdominal cancere or other/
cancers.

Robinsos et el (Ex. 84-002) had slso
obeerved s high mesothelioma risk
among workere at Plant C. McDonald
and Pry coasidered the probabllity of
missing true cases of mesothelioma at
Plants A and B to be low because of
good cancer case ascartainment in the
areas where these plants were iocated.
McDonald and Fry stated thst exposure-
response relationships st the 3 plants
might be clarified after the individual
subjects wers classified by exposure

OSHA considars the following pownts
important for interpreting the Andings of
McDonaid and Pry. Although McDonald
and Fry stratified by duration of w
axposure for thefr inter-plant —
comparison of lung cancer mortality.
other unportiant variables ware not
controlled for. including age st initiei <
empioyment. fibee conceatration. and
length of follow-up. Plant C, whuch had <
the greatest cumber of deatha from w
mesothetionne. also had the highest o
exposure levels. Hence, OSHA . o
considers that the diferwntials in
mesothelioma risk among the 3 plants
are suggeetive. but do aot canclusively
demonstrate increcsed mesdthelioma
risk from croc:dolite relative to other
asbestos fiber types. Of interest is the
finding of higher lung cancar risks a! the
ckrrsotile plants (A and B) relstive to
plant C Agsin, the varisbles of fiber
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conceniration. sge distribution. and
Igﬁ'lhb‘ﬂ' follow-up ah.:. e be m.-::l:‘
for when comparing cancer
different cohorts.

Berry and Newhouse (Ex. 84-021) and
Newhouse. Berry, and Skidmore (Ex. 84—
163) studies llnmdlt'v'oh cohort of
workers

materisle. Exposure wes 4o chrysotile
exclusively. except during 1825~1933
and 1539-1944 when s small percentage
of the workforce was exposed to
crocidolite. Asbestos exposures were

low in the plant: only $% of the male
workers secumulated ss much a8 100 £/
n:yun.‘lhcalyeuuddn&h

lmnthomc?:nlhmuw
o0 year ot lactory, sex. age.
and duration of smployment. Deflaite
coadoliis exposure was discovered in
the occupational histories for 8 of the 10
mesothelioma cases and for 3 of the @0

comparison
coatrols who had bees exposed te over
$1/cc of chrysotile. a statiatically
uguficant grester number of cases had
nmtmdhhnqdumh
crocidolite as well
Matching the contrals for the

that both crocidalite and chryeotile are
impticated in the cauention of
mesothelioma Ly this study: chrysetile

t ecause 90% of Lthe cases recaived high
chrysatile exposures compared 1o 298 of
the controls. and crocidolite because
80% of tha cases compared te 7.3% of the
cor.trols hed been exposed
crocidolite.

hioettos (CHAP) st
oo Asl o8 {

cancer risk unit of cemuletive

. ( factor) h

rancar polency

zohorts exposed to differemt

CHAP reported that studies of &nﬁh
workerns both low and

values of K. as well as studies ‘
croidolite workars and amosite

workers. Hence. CHAP cons dered that

evidence for e differential in lung cancer
. nsk was mixed snd inconclusve (Fx.

4-258).

Path. Studies: Wagner, Burry,
and Pooley (Ea. 84-202) examined lln
uboua contents of tissus samples of
:angs of asbesics textile workers who
died from mesothalioma end other

causes. Wagner of al did not find either

higher chrysolile or higher crocidalite
coatents in the luags of the
mesothelioms cases compared o the
lungs of asbestos workers who died
from other causes.

McDonald. McDonald. and Pooley
(Ex. 84=17%} conducted a study of the

minerul fiber contents of lung tisvaes for
99 sutopsied mesothelioms cases and 99
sutopsied controls. Controls matched for

sex snd ags were selected (or each
mesatheliomas case. All controls had
been diagnoeed as having pulmonary
mastastases from s primary cancar othor
than lung caacer. Lung tissue specimens

were examined for minersi Gber content
using an electron miscroscope and Xruy

engryy-dispersive ansiyzer.

Chrysotile. amoalte. crocidoifte,
anthophyllite. and tremolite were
detectad in the lung specimens of the
cases and controls. For smosite and
crocidolile, about $ times as many
mesotbelioma cases as controls had
more than 1 million fibers per gram of
dried lung tissue. Fer anthopayilite.
twics as many cases as controls had
more than 1 million {/gram. For
chrysotile und tremolite. little difference
i fibar conients was cbserved betwesn
cases and coatreis. *

McDoneald, McDosald and Pooley
stated: “The equal quantities of
chrysotile fibers found in lung tissue
from cases and cozrols fail to support
any sssoaation betweea this mineral

typs of asbestos and mesotheiial tumors.

However, the lung chrysotils fibre
content at death et be interpreiad
cautiously, as thess Mhres probebly

disappesr i the coures of iime™ (Ex. 84—

173, p. 420}

There are savarsl points 4o consider
concerming MzDonaid ef al's study.
Piest. if the MToers responsible for
Inducing mescthelioms were also

respoasible for inducing cancers at sitss
mesotheiium,

other than the lung ena
then s true effect of a fiber on
mesothelioma genesis could fait to be

detected berause of the stipulation that
sl controls had 10 have pulmonary
metsatases. Castrointestingl cancers
somelimes matastasise to the lung.

mttndluhnohmﬁma

gastrointestinal cancer among asbestos
workers. Second. since
constitutes «p 10 90% of commercially
used ssbesios and since esbestos
exposure is ubiquitous. one would
nmmml;{:hvoch)nmaﬂbm
in lungs. widespread exposure
to chrysotile could obscure & trus
rdomadnp Imwmduynulcud

ud)u-ldud.wod that
chrysotile may be clesred fester from
the lunge thas other ssbestos Nbern. 20
that chrysotile retention in the lungs
may not be the best way to estimate
chryyotile exposure. Rowiands. Gibba
and McDonaid (Ex. 64-178) suggested &
tendency for chrysolile to be removed
from the lungs becsuse of their
obeervation that the quantity of
tremolite in the lungs of Quebec miners
asnd millers wad similar to thut of
chrysotile. despite the miners’ much

chrysotils. In

general. OSHA believes that the results
of sutopey studies of fiber content of
lungs cannot serve es direct measures of
risk differentials by fiber type.

Mesothelioma Findings: As mentioned
lnlhhw[ :i‘:‘mc‘?
primary or i t
crocidolita is more

varigtion in mesothelioms mortality
among cohorts expased to different fiber
types. A summary of the percentage of

* deaths from mescthelioma among

oolnmupoudmdnﬂuu| fiber types
follows.

Meurman et al. (Ex. 84~258). who
observed excess lung cancer martality
among snthophyllite miners, did no: And
any desths from mesotbelioma in their
cohort. 1a Seidman et al.'s cobort of
amosite insulstion production workers.
& lotal of 14 mesotheiiomss ware
identifled by death cartificate ar

constitutad 2% of total desths in this
cobort.

Caborts of chrysotile workers had
relatively low percentages of deaths
from mesothelioma:

[06SE00LS.
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Tadle 8 mesothelioma risk. particulerly

MESOTHELIOMA DEATHS ANONG CONORTS OF CHAYSOTILE WORRERS

Stugy

ncOonald et al.

Nichalson et al.
(Ex. 84-072) - mingrs .

% of gasths from mesothel ioms

(Ex. 84-037) - textile workers

luolm'n al.
1Ex. 84-088) - miners

Hammond et sl. however. cbesrved ¢
higher percentage of desths from
mesothelionis (Ex. 84~047). Hammond ot
al. studied insulstion workers exposed
predominantly to chrysotile and to some
amosite. but not o crocidolite. From
death certificates and other clinical
materisi. 173 desths (7R} were
sitributed 10 mesothelioma out of & total
of 2271 deaths. Peto (Ex. 04-188) studied

a factary which used

nisk.
84-082) cbserved (% of deaths from
mesothelioma in a cobort where the
factory used the following percenteges

dmmm“
amosite—0.9% and to=Q.0r%.
woarkers,

ofdnthlfm-nmchdm(la.n-
138). McDonald aad Fry (Ex. 84-004)
obeerved 1.28% of deaths from
mesuthelioms. and Hobbs ot al. (Ex. 4=
132) observed 9% of deaths from .
mesothelioma,

The Chronic Hazard Advisary Panel
or. Asbestas (CHAP) stated that
pentaonsal mesothelioms ~appeare to be
most common in workers exposed to
amosue. less often o crocidolite, and
rarely or never to chrysotile™ (Ex, 84~
254 p. 1Z7). However. CHAP noted the
large veanstion ia peritonesl

.mesothelioms

mortality among
cracidolite workars, the l.-é of M data
expressed in erms of cail exposure. and
the freqs2nt misCiagnosis of peritonesal
mesathelioms. Consequently, CHAP
suggested that factors otiver thas fber
type. such as fiber dicwnsion. may be
\mportaat for mduction of peritanesd
mesothelioms. For pleuryl
merothelioma. the differenees in
norality song C00M wore Lut a8

cmd;.fudi’:i?ﬂr.l
] $=254, p. 128).
Summary of Epidemiclogic Deta: in
.Mhovh::muﬂ
asbestos types, except
for anthopbyllite. cause asbestosia,
mesothelioma. and cancar i
humans. Anthophyllite been shown
to cause lung cancar and asbestosis. but
nwmhvamw

udlophylllu. For clnec. OSHA
the evidencs

exposure.

lurg cancer risk among worksrs exposed
to crocidolite and amasite did aot
emerge. With some exceptions,
mmdlmwmkm
occupational cohorts

different lhulpn-lllylnumhdb
coatrol for the following varisbles: Fiber
concentrations, age distribution. and
length of obsarvation. These variables
are sufficiently important determinants

differences ia carcinogenic

potency ot the various fibers. Other
imporiant vanables that may confound
cruoss-cahort comparisons 4re fiber size
distributions. hygienic nessures
instituted by the companies. and
respirstur ise.

The evidence [o: & dilferential in

peritonesl mesothelioma. by mnr type

ars not
lobceoadmbcuunol ilure by
most investigators to control for

Mmﬁdha&d«lbyh

same variables that deiermine the

degree of lung cancer risk. Furthermore,
mesothelioms has o lotency

period than s lung ..
cancsr and rises exponentislly with -
increasing time sincs initial exposure.

such that of cbeervation is ¢

varisble that mast be coatrolled lor in
cross-cohort

ernuhh lung cercinogen for

[

humans. Even if dnynulcmldbo

definitively shown to induce lewer

mesotheliomas then the other forms of
believes

chryvotile poses ¢ significant beslth risk
to humans by inducing lung cancer and
asbestosis.

OSHA hss concluded that fiber type
is not an importamt determinent of lung
cancer martality erising from esbestos
exposure. Because lung cancar is the
major cause of excess rmortality among
asbestos workers, OSHA does not desm
{t appropriate to permit higher levels of

.umnmm:momu

ssbestos fiber

expased
thet the dimensions of {[bers rather than
types of fbars are major determinanis of
risk for lung disense and cances
(Harington. Ex. 84-13L Pott, Bx. 86-173:
Stanton, Ex. 84-43, 84-10& Wagneret <
ol Bx. 8¢-10& Wright sad Kuschner, Ex. O

i

H

1
UOJ.S.

suggested influencing
carcinogenicity (Bertrand and Pezarat,
Ex. 84-114). Becawss fiber sixe -
distribution sppearn to sffect dissase-

causing , the source of the
ssbestos usad lor laboratory

amosite. and crocidolite
ave all ‘nduced cancer in animals upon
séministravoa by inhsaistion. injection
and implantation (NYOSH. Ex. :4-33&
NIOSH/OSHA. Ex. 84-320: Wagner ot
al. Ex. 84-208: Davis ot al. Ex. 84-120)
Gavis ot al. fouad thet UICT chrysatile
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pruduced more Tbrosis in ruts vis
mhalmm than did UICC smosite.

prod
inhslation mp.nd to faciory samples
of smosits.

Wagner et ol conducted inhalation
studies of § UICC ssbestas samples (2

Rhodasisn
chrysotile—10% (Wagner ¢t al. Ex. 04~
197). la costreet. Stantoa and Wrench
(Ex. 84-338) did ot oheerve differences

in mesothelloma

Chrysotile may act as 8 co-carcinogena
in addition to acling as s primary
carcinogen. Kcng-Vosamaes and
Vinkmana (Ex. 84~143) obeerved s
strong interection between
lemnm«d intratracheally and N- -

trosodiethylamine edministered onily
Md\npdbm&hnm
in hamstere. N-nitrosodiethylaming hae
been damons'reted 4o be carcinogunic W
many different species by many
dl:‘tl:n'a’t’mmdw;h

1877, Stsaten. Layasd, Tegens,
Miiler. May. and Kent published the -
muludmdvﬂhc-ﬂu-ud

types and dimensions (Ex. 04~

on fibrous glasses were
lupluudhlhtph-uoﬂmnh

Osborne-Mendel cuts. and surv
arimals were sacrificed after 2 yeens.
Statistcal snslyves indicated that the
Thers less than or equal t 1.3
misromeen (un in dlameier and
longer than 8 .m pracuced the highest
incidence of plcural saurromas. Fihers
less than 8 um :n length appeared to be
inuctivated by 10818
{Miagacytosis is the engulling of farcign

particies by phagocytes. which are cells
that usually digest these particias in
order to protect the body from them.)
Stanto~ ¢ oL n:::’ "Sina.' mo'p‘:uu:“
response (8 8 V. types of dura
fibers. perticularly ssbestos fibers. was
similar, our experiments reinforce the
ides that the carcinogenicity of fibers
depends on dimension and dursbility

rather than physicochemical properties
and lhullmbhﬂlnn
should be viewed with castion™ (Ex. 86~
0. p. &7}

mmusmmu'wm
¢l
study m&ﬂm ons for

study suggests that .
MMmhm&b.:‘bw
type may be dus to differences in the
fiber distribution withis the

carcinogenic.

Stantom ot al (19€1) continued their
unpluatation experiments. greaty
Mhmddnnhh

ssbestos. tested via

- miserale. including
mplaatation into the pleurse of female

Osborne-Mendel rats (Ex. 04-198).
Stanton et al. obeerved that the most
carcinogenic ibers were ‘hoss 023 um
or less in diameter and grester than &
pm in leagtic however. high cocrelations
with carcinogenicity wers siso obearved
for fibers 1.8 pm or lese in diamaeter and

and U'nch) conducted o study of “he
chranic effects of inhalation of short
asbestoe fibers. with short fibers dufined

‘a8 those less thun § miccometers (um) in

length (Ex. 84=2303. Both rats and
munheys were 8 10 a chrysotile
ssbestos aerosol foe 18 months. The
surviving rats were observed foc §

the cessation of

exposurs.

The NIOSH investigators encountered
some difficultiss in trm to generste
shart fibers. The ball milling method
was used to ts fibers. resulting in
asbestos balls that could not meet the
desired 3:1 aspect ratio. Some problems
also accurred with regard 0 the
methods of counting ssbestos fibers and

serodynamic dismeters (Ex.
84-230). tly, OSHA considers
that Platek et al.'s study provides
suggestive but act conclusive evidence
that short asbestos fibers do not induce
pulmonary fibrosis or tumors.

Some chemists have posited that
asbestos fibers have biochemically
ective sites on their surfeces that can be
modified 90 es to reduce the hazardous

electrical charge of chemical groups
on the surfacs of asbestos fiberse has
bess b to influence toxicity
dMFcun-ph.de

ubnwl hm os silanized ssbestos.
In vitro tests (tests conducted on cells wn
test-tube simulstioas of living systems)
have deen conducted for normal
asbestos fibers and chamically-treated
asbestos fibers. Decreased toxicity n
chemically trested asbestor ibers
aqnnd to normal asbestos fibers has
been reported (Ex. 84-333). GSHA
cansiders that the hypothess thal
sctive sites on the suriace

of carcinogenicity of the fibers 18 not
well supported at this time. This is
hﬂmmhmmumm
those conductsd by Stantoa ot al. have
Soamical propertes eppeared 1o be the
1)
primary determinant
carcinogenicity. Stantoa ot sl. found that
o variety of non-esbestos fibers could
induce cancer. {f they were milled to
specific dimensions. The in vitro studies
of chemically trested asbestos are not
a8 determinative of bealth risk as the in
vive studies of {Iber dimersion and
hence do not refute the findings of
Stuntor: ¢t al. und other investigators

626SC00LS.
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conceming the overriding impurtance of
fiber dimensioa. Therelure, OSHA will
continue to include chemicully-treated
u’l:ﬂou longer thaa $ micrometers with
4 3:1 or greater aspect ratia in the scope
of the asbestos standerd. on the basis
that chemically-treated asbestos poses &
heqlth risk similar to that of vatresred

[

In . OSHA regards
cxpommdcmhu
:uuutm;munmmmtypu
possess similsr carcinogenic
Animal studies also suggest lmnr
dimensions rether thaa chemical
pnpoﬂluorﬂhutynmybolho
nmnmdct

ly.hOSﬂAlm
Extn tion of the rescits of
experimentsl studies in saimals to the
human tes 80

fi studies
fiber dimensions in workplaces. This
assumption might not be valid ia ol

instances.
4. Other Foctore. The various types of
ssbestos Mbers may differ in the
percantage of fibers available for
inhslation snd the of time that
dust clouds remaia (Rowe, Ex.
84-088). Crocidolite might stay sirboras
foc o longer of time and have s
grester of respirable fibers
compared 10 amesite, which ia turm may
exceed anthophyilite in regard to thess

56-300).
mmﬁnmﬁdhm
will determine these twe characteristics
huhhrnuyuwl-dcbynlﬂcc

perticulsr workplece wi

fora

chrysotile exposure (Rowe. Ex. m
mmm-wmuu
ground faster and crocidolite is
generaily finer thaa the other fibere,
crocidolite use might lead 10 dustier
work envioaments and hence & greater
health risk. even if crocidolite ie ast
more dangerous on & fiber-(or-fber
busis (Muir, Ex. $6-330). However. mast
respirsbis fibers, which are the fibars
.hhlywamdn.u-ﬂltndu
mlnairhonn

cohor:s apperentty expoesed 10 1he same
levels of dillerent visible fibers under
the light microscope. if indeed fibers oet
counted by the present eprical
acroscopy methad pose a hazoard e
health (Muir. Ex. 84=330).

OSHA believas that thicher fibers are
‘ouad 1n mining and milling aud that
1ubsequent manulacturing procrises
' :nd t0 brenk fibere spart snd re-juce

their Jiameter. Based on experimensal
findings implicating lung thin libers ss
being the most carcinogenic fibers. these
subsequent processes may have a
greater curcinogenic hazard compared
to the initial auning and milling
operations (Nichoison. 1981, Ex. 840715
OSHA examined the qQuestion of

manufacturing

under OSHA's jurisdiction. As is the
uafuswudnb«typ..mo-
cahort comparisoas of processes should
control (or the lollowing variables: fiber
concentretiona, duration of lollow-up,
durstion of exposurs. and age
distribution. To sccount {oe the variable

patiern of differential lung cancer risk
by manufscturing process. Therefore,
OSHA deams it appropriate 10 coatinue
nm;lﬁomuoﬂm-d

ia summary. OSHA recogn:izes that
the fiber types may differ with regard to
thair tendencies to break into fine fibern.
Cracidolits appesrs to divida into finer
fibers mare readily than other asbesion
flber typea, which may render it more
hasardouws.

Manufacruring srocesses
could increese the carcinogenicity of
asbestos oy geners fibers that are
thinner ia diameter relative 1o mining
and milling procerses. While these
factors are interesting and contribule te
the formates of ?thu- regurding
the machanisms of asbertos
curcinogenssis. OSHA believes that
these {aciore do r.ot provide a detinitive
answer to the question of pussible
diffsrentials in risk by fiber type. OSHA
views the data {roo epidemiologic and

experimental studies. which have
abserved excces cuncer nsk from
exposure to all ssbestos fiber types. as
being the most important with regard o
the tioa of differential hullh risk

types
$. Tremolite cad An yllite. Sume
but not all commencial deposits
contain serpentine asLestos and fibrous
umphibole asbestos.

chrysatile. tremolita. and anthophyllite
(Dement snd Zumwalde. Ex. 84-039).
Kleinfeld et al. (1967. Ex 84-181) studied
the proportionste mortality of 220 talc
miners and millers in New York State
who had been exposed 10 asbestos
contained in taic. All men were
employed during 1940 and had 18 or
more yesrsof ¢ during 1940~
1968. Of 91 deaths in the study cohort. 10
(11K} were [rom respiratory system
cancer and 28 {31%) were from
pneumoconiosis or complications of
pneumoconiosis. Kleinfald et al
alcuhud that only 2.9 (3.2%) deaths
from respiratory sysiem cancer mwld
have besn expected. resulting in
grester thas 3-{old risk of napinwry
cancer. A (ollow-up study by Kleinfeld
et al (1974 Ex. 84-141) included 200
workers exposed W0 asbestos i talc. Of
the 108 deaths observed. 13 (12%) were
from respura cancer compared to 4
137%) The high proportion of
desths from pneumoconiosis msy have
reducad the oumber of deaths from lung
cancar.

Kvlluoto et al. (Ex. “—ll‘l) and
Nurminen et al. (Ex. 84~181) cbserved
pneumoconiosis and excess lung cancer
mortality amoag Finnish worker
exposed to taics containing fibeous
anthophyllite and fibrous tremolite. No
dasths from mesothelioma were
reported by these investigators.

Yaeziciogiu. Ucayto. Belcl. Sayll and D
Yoruimaz (h. 84-211) reporiad 8 high
prevalance of pleufsl caicification sod —,
thickening and & high mortality rate o=
frem mesothalioma among residents of
Cermik. & town in Turkey in which therd—
sre many deposits of asbestifoon
minerals which are used as constructioscO
matenals. The construction matarisls o
hava besn shown to contain fibrous
‘Temoilte, antigorite, lizard!te, chlorite.

and tale, Yaziciogia ot al. slso reported
an excess of juag cancar In this
soprilation,

Brown. Dement. and Wagoner of
NIOSH (Ex. 84-023) conducted a
histerical prespective study of tale
mivers and mi'lers of one company in
Mew York State reported by the

company 10 de minwg talcs not
cantamning astestos nunerals. NICSH
(Dement and Zumnwvadel). vower er, nsd
resurred asbertcs exposure 1 the talc

R T PO v
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mine end uulL NIOSH coaducted an
wndustrial by, survey ol the study
talc mne and a neighboring talc mine
known 10 contain asbestos fibers. Silics
exposures were found 10 be very low,
weil below NIOSH's recommended PEL
for euica. Rudon da

the Mine

Enforcement Safety tration
(MESA) showed ail to trace levels.
Dement and found that
emmch::ctm‘:bom&o
st mine neighboring mine were
substantially similas

“In (act. the sirborne dust samples from the
mine and mill studied by NIOSH sad
maintaned by the compesy o be ssbestes

than 3 fm tm langth. were not sististically
u«-uuuhnrmn-m.;m

mN'lOSHltndyeohoﬂMnn
- Iww'dmw 988.
ompi -]
Vital status of the 398 cobort members
was determined as of Juns 30, 1973

was nade to age. calendar

period. and cause-epetific mortality
rates of U.S. whits males. Significant
increases in lung cancer mortality 9
observed deaths versus 33

not be definitely ascribed to his
expusure to remolite or anthophyllite.
Of the 10 individusls who died from
respirstory system cancar. 3 bad
previously worked {or other New York

more than & 9% iocresss in lung cancer
risk iz relation to oil US. white males.
Becauas they obsarved a

olmost 8 3

fold risk. ‘hey judged that cigarete
Mh.mulﬂdybmbﬂh
h:mthtmq
mu.ubm millmcqnodn
asbestos. The cross-sectional
o s oo% provein "‘?.....,.,“‘“”
foud a 8% preveience
prevalsnce similas to that of US. males.
Brows, Dexent. and Wagoner stated
that “expusures %0 asbestiform tumolits
and inthophyllite stand out as the prime
suspected s:iologic {actors™ associsted
with the obsen ad excess risks of lung

cancet and respiratory discase. They
concluded that “exposures to talcs from
the Cous crneur mining ares are
associsted with an increased risk of
beonchogenic cancer snd noa-malignant
dissases of the respirsiory system™ (Ex..
“-101).

As messured by optical microscopy,
average sir concentrations of fibers
grestar thaa 3 um in length renged from
17 {/cc to 0.8 {/cc as an B-hour time-
weighted average for 8 dilferent job
titles in the mine. la the mill. average sir
concentrations for such fibers canged
from 1.3 {/cc 10 8.4 {/cc as anr 8- howr
time-weighted average for 18 different
job titles. (Ex. 84-181. pp. 7=10}.

In sddition to the sxcess moctality
from lung cancsr and non-malignant
respiratory disease observed by
Kleinfeld ¢t ol. and Brown et al..
aumerous studies of taic miners and
millers expused to ssbestos contained in
talce have established that thess

pleursl pleural calcification,
decrements in function.
fAibrosing disease (Dreessen. 1932
Dreessen Dalla Valls, 153% Siegel ot

al. 1942 Schepers snd Durken. 1965
Messits ot al. 1858 Kleinfeld ot al.. 1983,
uuuunumua.m

sbove. NIOSH coasidered that this

choioe of
Because taic. coal, 9nd potash miners
are likaly to be similer in mneny ron-
occupetional fectors that may affect
respirstory marbidity. the likelihood of
observed

e
.

workpiace exposures of the talc workers

ruther then other risk factors for lung
disease is greatly increased.
C:::ﬁm with n':; gcl and potash
m were strali age. height,
smoking status. sad durstion of

Mbwmﬂw
to

miners, the tslc workers with no
previous occupational exposure within
other talc mines and mills hed

compared to one or both mining control

lterstere demonstrawnd thet Andiags of the

Stille and Tabershaw (Ex. 84198} of
w Medicine

'sbershaw Occupaticoal
Asscciates studied ofl male workers
empioyed sometime 1948-1677 at
the talc mine and mill st by
NIOSH A total of 708 mea wers eligible
for the study. and vital status ss of
Decamber 12 1978 was ascertained lor
672 of the men. Of the 708 men. 53

-
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workers were excluded because of lack
ol information on specific variahles,
leaving a cohort of 458 for analysis.
Comxrisn:nm-duomum
period. and cause-specific mortality
rates of US. white males.

For the overall cobort, excesses in
mortality thet were not statistically
nipiﬁa:‘mmkrlm
cancer and nos-mslignant respirs
disense. Stille end Tabershaw

that the non-significant excess of lung
cancer was “consistent with s smoking
effect” rather than an effect from
occupational exposure (Ex. 8¢-190. p.

@)
Stille snd Tabershaw also separately
ansiyzed the mortality of the talc

experiencs included all
not only jobs at other
mills. For this subcohort of 340 white

slevated: all cancers (SMR = 192). liver
cancer (SMR = 1013). respiratory system
cancer (SMR = 228), |

respirstory diseases (SMR = 307). Stille
and Tabershaw stated: “Since the

study mine and mill were
for st least some of thess dissases™ (Ex.
M-190, p. 7).

Whaes the mortality of the subcohort

in excess. [a [act, the SMR for all canses
was significantly decressed (SMR = 50).
As would be expected. Lhis cohort was

findings ss follows: (1) “Workers with
‘exclusive’ TMX [study mine and mill)
empioyment seem to be et no
considersble risik of having lung cancer
develop” and (2) “exposures at TMX
seem to be noacarcinogenic™ (Ex. 84~
198, p. 483). .

Srown. Besumant. and Dement of
NIOSH commnented ou Stille and -
Tabershaw's study (Ex. 84-210. p. 17R
Ex. $4-231). listing several problems in
the is by Stille and Tabershaw
that account for the different
conciusiaas of the two sets of -
t;ns i lu?.il.::n Sulhbud

[ w f8 te analyze mortality
by !eagth of fullowu) latency interval).
Brown ¢! al. thought such an a3alvsis
was 2 rticularly important given that -
recently hired workers were allowed 10
enter the cohort as late as one year

before the study cut-off date for vital
status determination.

Second. Brown et al. commented that
Stille and Tabershaw's division of the
study group inte subcohorts with and

withowt work to their
e s ety oty

resuited

the definition of the subcohorts™ (Ex. §4=

218 p. 179). The selection bisses which

tended to lessen the statistical power of
without work

generslly short latency is not likely 10 be
informative” (Ex. 84-218, p. 179).
- lm-ml.::mmsmu
abershaw's enalyses concerning
the durstion of employment of the lung
cancar cases. These analyses examined

addition. Brown st al. pointed out that
Stille and Tabershaw's conclusions had
not sdequatsly s that many
facility workers had
d by naighboring tale
companies with similar to
those of the study

acility.
m«-l.mdm?musun-u

the taic processed at the mine and mill.
Second. they stated that talc ore st the
nndy fecility was not simular to that of
othee ‘alc mines of upstate New York.
Third, Teberstaw and

reiterated that many of the lung cancer
deaths occurred In short-term workers
smp.oyed {or less than one year. In their
¢ pinjon. this lessened the I'kelibcod of
the lung cancers being attributebis to

occupsetionsl exposure at the study
plant. Tabershaw and Thempson slso
pointed out that caly one taic miller
developed lung cancer. despite the
historically higher exposures of talc
millers. [n conclusion. Tsbershaw and

Thompson stated that spplication of the
esbesios standard to the Venderbilt

OSHA calculated s statistical power
of 20% to detect & 0% increase in risk of
lung cancer in Stille and Tabershaw's
subcohort of workers with no previous
work experience. (See Ex. 84-338 for a
description of how OSHA calculsted
statistical power.) OSHA considers that
this very low statistical power supports
NIOSH's criticism of the sensitivity of
Stille and Tabershaw's study design.
The statistical power wouid have been
even lower if it had been calculated for
the group of workers with st least 20
years of latency.

As discussed earlier. cross-cohort
comparison may be problematic if the
ags distributions, durstions of exposure.
sad lengths of follow-up differ among
the coborts being compared. OSHA -

subcoborts with and without previous
work expensnce.
are notable with regard

subssquent disesse has been obun;d
in other epidemiologic studies. Third.
the majarity of person-years-at-nisk

Thompson did net discuss the expected
aumber of lung cancer desths when th@y"
mentioned the single lung cancer desthy
smong the study (acility walc millers.

(a 1963, Consultants ia Epidemiology—,
snd Occupetional Heaith (CEOH) iy
prepared ancther azalysis of the —
mortality of Stille and Tebersbaw's <
study cohort (Ex. 84-257). NIOSH «©w
reviewed CEOH's analysis and staleds®

“Although the findings of these ~O
analyses appear to support their
[CEOH 1] hypothesis that the telc is
non-carcinogenic. the result
statistical anslyses are tased on
ossumptions. amall rumbers. and short
Ictency. Therefore. the CEOH

concitsions are based on analyses that
are inherently deficient in being able 0
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detect @ true rish in an exposed
population” (Ex. 84374 p. 3}

Smith. Hubert, Sobel. and Marquet
(Ex. 84-194] studied heuith eflects of tuic
conta asbesios in luborutory
u«u.m

also 1o other factarm, sech as the murphelegis
charecrerisucs of be mineral” (Ex. 84-184,
un

OSHA considers that interpratation of

lung functioa decrements. OSHA (s
cognisant f tha {ac! Laat talc Tiniag
and mv:lling in the sbesncs of asbestes
exoosury cag tesull in pneumoconicsis.
Fu-thermove. NIOSH's findings oa
mortelity are corsistent with those of
Klnhfcld ot al.. Kiviluoto ot al.
Nwriinea et al. and Yaziciogiu ot al

£ 1051 s mosbidity findings are

consistent with those uf numeroes uther
studies. OSIIA bedli;;r ll::.:ll:.
epidemiologic sty talc company
conducted by Stille and Tabersbaw of
Tabershaw Occupationsl Mdidu

part rulemaking
Mmmm-mm

avestigetors. Some tudies have
obyerved the same of bighet lung cancer
risk in chrysotile workers
warkars exposed to emphibole fibers:
studieg observe iower r'sk of lung
cancer ia chrysotile worisers. For

OStA views avidence lor differential
mesnbelioms risk hy fiber tyhe o8
wepet.ve yn( AN cunciusive.

Occuy stional cohorts exposed 0

bc:n;dd:lito and amosite :‘p?u to 'l;:

] proportion of deaths

mesy! particularly peritonen)
compered o

Secauie oemosthatiana sty s
raun Delio uullyhu:.d
tency period yesrs oc more
the risk riges exponentially with
incressing timae %inoe initial exposurs.
Lung cancer Is the major cause of
ssbestos-induced

prevae risk for lung cancer and asbestosis
among workers sxposed 10 all asbestos
fiber types and that workers need to be
protected from these risks by this £TS.
which sets the lowest PEL thet i
feasible at thie time. As o
on.ltb

tlt for cartain

chrysodls more carcinogenic than
other asbestos flbers when ldunnimud
by inhalation. Many experimental
studies have reported thac flber
dimension ic 8 very important
determinam of carcinogenicity (o
laboratory sniraais. Eibers longer than 4
mucromatars (um] and with diemeters of
mucbnhnhl;mwa'-du
most carcinogenic fibers. A varisty
of different natural and synthetid
substances baviag Bbers longer than ¢
un with widthe of 1.5 um or less have
induced cancers via implantation in
llhontuqumh.‘ ll.nd‘u:‘:c
chemicai properties of asbestos (such as
]udu-ubum

wdam.bumn uba

wq.MhM'nm.
animal studies do not support the

hypothesis that there are differences in
mm”w amung the various

Fl!nrlnu differ with ~egara to
thﬂmdlhaudbtndum
oo, sccording & enetl

=arcinogenic. according to
studies. snd crocidolits appears to be
divided more resdlly into iine fibers

E665C001S;
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than other asbestos fiber types. Also.

manulscturing processes may break
fibers spart to te fibers thinner in
diameter than found in the miming

and milling processes.

NIOSH scientists (Brown. Dement,
and Wagoner) observed excassive
uo{tdnyhulwmudul-
malignant respireiory disease among
workaers in one plant exposed to tals
containing ssbestos. A morbidity survey
of the same plant found (ncressed risk of
pleursi th and lung functioa
decrements. NI concluded that
incressed risk of lung cancer and non-
malignant respiretory disease was -
apparert in workers exposed to walc
containing ssbestos. Kleinfeld and
colleagues also cbeerved excess luag
am“mﬂnm%mﬂv
among workers exposed to

ssbestos.

Stille and Tebershaw conducted & study
which Wd as contradicting
NIOSH's regarding excessive

study had serious
limitations such that NIOSH's

conclusions stll appesr to be valld -

Whils not all talc products contain
ssbestos. OSHA finds that when
asbestos minerals are contained in talc
rish w:-uhn.hh.wm
o
Practical administrative
considarations also are to the
tory
distinctions by fiber type. Several types -
of asbestos may be present (n1 the same
workplace. as is the case for insulation,

- creating considerable measurement

difficuities. Determining ssbestos type(s)
within each workplace might complicats
compliance and exposure monitoring,
However, OSHA ls aware that the
United Kingdom has been sbie o
overcome such dons.

ln \ that on
the basis of and -
expenimantal stedies reviewed above, it
is not appropriate at this tme 0 make
dhnmbyﬂh.v’chn':h"m

purposes. . quantita
analyses of risk base sstimates
of excess risk on asbestos fibers as o
whole rather than oa sepersts flber
types. Provisons of OSHA's standand for
4sbestos. including the permissible
exyp osure limit shouid alse be the same
for all commerically used asbestos fibee
types.
F. Conlusions

Asoestos poses s grave danger to the
Leaith of exposed worke-s. having

causaed excess mortality and disability
in epidemic propartions among some
groups of exposed workers. Asbestos
causes non-malignant respiratocy
discase. which can result in complete
disability and desth. Asbestos s

cauves malignant mesothelioma. which
is usually repidly fatal. and lung cancee.
which s usually fatal. The causal

including the United States. United
Kingdom, Canada, Austrelia, itsly. end
Finland. Furthermore. asbestos has been
shown (o cause excess disesase in many
different occupations! environments,
stasting with mining and milling of
asbestos and to cause
disease In various

has also attempted ‘o predict risk st low
exposures from dsk observed at high
exposures by using stion
models (see section V). Both of these
wmethods of evaluating risk at low
& are valid.

are not avellable of workars
sxposed solely to asbestos levels of 2 {/

cumulative exposures (o asbestos.
however. Workers exposed 30 yesrs to
the OSHA PEL of 2 {/cx would have &
cumwlstive exposure of 100 f/cc-years.
Henoa, stadies of warkers with
close to or below

cumulative exposures
100 {/cc-years provide soma evidencs of
risk from working lifstime sxposures o
OSHA's PEL Studies finding sdverse

! v effects or excessive mortality

lung dissass from exposure close

o of below 100 {/co-years were
conducied by ot al. MecDonald s
sl. Dement et ol and Newhouse,
and Finkelsiein. Dement et al.
Finkystein. and Henderson end
Faterline also observed excess mortality

from lung cancer smong workers
receiving relatively low cumulative
exposures. Weill et al. snd McDonald o
al. did not observe incressed lung

meny

which obeerved substantially incressed
tigk of mocbidity and mortality smony
workers receiving low cumulative
exposures are evidence of ficar’
hazard st exposures by the
wxisting PEL. Section V. Quantital v
Risk Anclysiz. will discuss predicter
risk from exposure to QSHA's PEX

A number of tore have
suggested that different fiber types of
asbestos have differences in their ability
to induce mesothelioma: Specifically.
crocidolite has been hypothesized to be
the moet bazardous type of asbestos
because of ngxmn evidence thet
indicates that the mesothelioma risk
may be bigher for crocidolite exposure
than for other asbestoe types. All

asbestosts in exposed workers. excep:
for anthophylilite. which has ‘nducer
hung cancer and asbestosis. OSHA

pearticularly peritonesl mesothelioma. <
appears to be more consistant. based og—
studies of occupational -,

_epidemiologic
cohorts sxposed {0 dilferent ﬂh«%

Because variables that affect the
sensitivity of studies for detection ot <
risk of mescthelioma have not beer <O
controlled for by most investigatonn <
comparing different occupational
cphorta, OSHA views the evidencs {or
fiber type differentials in mesotheiiome
risk as [nconciusive. Among the
vulabluhthﬂm!h-;rpcmnu
of mesothalioma are length
obesrvation. durstion of axposure. fiber
concentration, and age distribution.
It ig possibla that mesothelioma risk
may be or from exposure to fines
fibers. htmmwaz“'
crocidalite may tend to break ft
apart to maks them more carcinogeruc.
Studies ia laboretory snimals have not
by fibee “mﬂhﬂﬁdm‘
ype to induction of °
Bibrosis and cancers: in fact
some s in animals have found
chirysotile ta be the most carcinogenic
m the vurious asbestos fibers
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Lung chacer is the major cause of
asbestus-associated occupational
mortality. The very high risk of lung
cincer [rom exposure to all asbentos
fiber types suppocts chocsiog the same
I’FL for sll fiber types.

Several epidemiologic studies.
ncluding one performed by NIOSH.
have found that workers exposed ta lalc
centaining asbestos have excass
muttality [rom lung cancer amd nue-
maligaal respirstory diseass. Maay
vther studies have observed encass
morhidily from respiratory disease.

chest X-ray sbaormalities. und hing
function decrements among such
workers. One non-pusitive study
ronducied by Stille aad Tabesshaw of
talc wurkers has methodologic
limitations sucli that if does nat refuls
studies {inding excase mortality smung
workers exposed 9 talc mm
asbestos.

A cumbar of stedies in hbonmry
animals have implicated long thin
asbestos fibers = the etiology of cancer
20d lung Sbrowis. Stantos et ol found
that ffbers greater than & um in length
and 1.5 um or less Ta dismetar wern the
most carcinogenic however. OSHA
believes that Stanton et al's stadies do
nol exclude the possibility of
carcinogenicity of Bbers shorter or
thicker than these dimeasions

At least 12 studiies have chesrved

rectuin) smoag asbestos axpased
workers. 7 of which found nm:.n,
significant encasass. Other cancar sites
have also been cbeervad i0 be mcreased
by dilferant investigators. OSHA
believas that Lhe pesitive human studies
finding geswointastinal cancer axcesses
outweugh the non-positive and equivocal
ammal studies of ingesied asbestes. as
well as the nco-positive hamean studies.
Therefore. OSHA concludes that sxcese
mortalite (rom gastrointestinel cancer
sbould be uicluded ia quastitalive rish
ansiyses for esbestos.
Cignrette smoka and sshestas have o
mu.u.’lﬂnvt (syourgistic) affest with
regurd o production of lung cancer.
Ashestosis also fxght be incressed ia
cigarette smeking asbastos werkers
reletive to non-yaoking asbestes
‘vorkers OSHA =3 sot aware of asy
cvidem.e far an effect of cigasrtte
smoking oa induction of mesetheliomes
or gnstrointestinal malignencirs among
ashestas workers. [lemmond et al
founé (het both smnking and non- -
amoaing ashestas izsulation worksrm
nad ccl stive nshs for lung cancer of
abwous 8.

V. Quantitative Rish Analysis
A latrodys o0

As explained above. OSHA'»
detcrmination that cusrently exposed
worhers face & gruve risk of ssbestos-
«visted diseuse is primarily based on the
results of quantitative risk assessmant

pos
has cﬂlimll) evuluated the scientific
evidesce concurning the heslth risk frum
lMuoxpumOSHA.uwdlu

respirvlory cancer. mesothelioma. and
gestromtestinal cancer. OSH{A has also
examined (and discussed in the sectica
antitled Epidemioiogic Evidence on Rish
from Exposures ot Current the PEL. . -
Section IV B.) evidence that indicates
that excass disesse risk has been
abeerved at cumulstive exposeres at or
mmwmwum
OSHA $-bowr
m;m«smmmmm
estimetun of axcess maortaiity trom lung
cancer sad incidence of ssbestosis using
muu-mnlundﬁlhllduaihdn

In many cases lhlhnu!rhhm
in worker populations reflect
wﬂmmmmmo-'
permitted todsy. OSHA's quantitative
sk sssessment entails using the
directly obsarved risks from these past
exposures o estimase risk at lowes
exposure lavels. OSHA belleves thisisa
scientifically appropriate and valld
procadure. in sume instances. OSHA
etimated risks using studies which
ectually cheerved risha at or belew .
asmulstive exposures pernutiad by the
current standard. The range of studies
covers many dilferent wark situstions
and exposure levels upoa which to base
the extzapolaticas. Where
OSHA has quantified the ranges of
wncartgiaties i the estimates. These
sumarical estmates. as well as those

evalsated \¢ detarming e signfficance
of the risk and to determine whether the
s:andard wid lead to & substantial
reductios i risk.

The sechons be:ow provide 8 brief
sywopsis of OSHA's quastitative risk
estimates Jerived from mathematicsl
mwodsls. A Tore detailed description of
CSHA's caiculations for asbestos-
related cancers is in the public docket
and is availalile ypon request (EN. 84~
»m2.

8. Duse-Response Mode! for Lang
Cuncer

Dose-response mlouuuou fue Tung
cancer based on the
studiss ;ndicates that the risk
ssbestes-induced lung cancar incresses
linearly with dose. Therefore. OSHA
beligves it is appropriate to use 8
mathematical model which sasumes that
the axcess risk is linearly proportional
o dose to estimate the excess mortality
which is associsted with asbestos
exposure. This excess rish is expressed
as the number of addRionasl lung cancer
deaths per 1000 wothers exposed for s
specific time perfod. Excass risk equals
the cumulstive dose multiplied by &

potmcy coefficient (slope of the dose-
tesponse curve) eslimsted from the
studies. {Note: Total doss. aiso referred
to as cumulative exposure or cumulative
dose. is 2 messure of the amount of
asbestos inhaied: it s the product of the
deration of exposure (in years) and the
{ntensity of expesare (which is
workplace arr concentration in mppef or
fibers/cc) Under this definition of
exposure. & person exposed 1o eirborne
asbestos at 2 fbers/cc for 20 years (40
fibers/cc-years) has the same total dose
&8 & petson who is exposed to asbestos
at 4 ders/cc for 10 years (40 Abers/cc-

yesrsj}.

Evidence of the Inear dose-response

relstionship foe lung cancar is found in
well-conducted

aanple. Handerson
Ex 84-4& Liddell ot al. 1677, Ex. 8438
and Demant ot al.. 1982 Ex_ 34-33). In
the Uaree studies cited acove. workplace
asbestics ar concanirations wesre
aveilable from messurements made in
the worksits studiad. Although the
studles diffar in the magnimde of the
risk found (discuseed lates in the
section]. sli three demonstrate s linesr
relationship over the entire range of
observeuoa.

Other scientists and scientific groups
whe have sttempted to estimata risk
frem ssbestos exposers Lave used the
Linsar model for lung cancer (Crump. Ex.

Commitise

Cardner. Ex. 84-243 Selikofl. Ex 82-2.
EPA. Fx 34-180. CHAP. Ex. 84-258). The
modet is greraily ecceptece and OSHA
believes ase of the lhu;;.nadcl l:c:r
predictieg luag cancer t0 ssbastos
exposure is ressonsbie and well-
supported.

Qzlatin e risk is defined as the ruuo of
*he mortality rate of exposed persuns to
the mortality rate of equivalent non-

6665000LS.
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exposed persons. Relative rigk is
frequently approumated by the
stendardized mortality ratio (SMR),
which is the abserved number of desths

1 the exposed population divided by
the number of deaths that would be

That s,

expected in the exposed population. The
aumber of expected deaths is usually
derived (rom the specific age. sex. and

- «'endar year mortality rales in the
companson population.

.L "E (1 (x s fz ¢,,,°)J (Ea'.l)

Based upon the considerations listed
sbovs and on the dsta. the relative risk
modal used by OSHA in sssessing the
risk of developing lung cancer from
asbestos exposure i1s ibed by the
following equation:

(R /Rej=) = & s faa (Eq. 2)
where l.‘ is the lung cancer mortality ruuntqq from the asdestos
exposure, @ 15 the espected aortility In the sdsence Of esdoture.
f 13 the latensity of exposure a fiders/CC, O !$ Cnw duratidn of
EXposure 1a yedrs, L is the Cima from the onset Of the 4sdestos
CAp0%urt 1A years (ainus 10 years ¢ allow for-a sinimm atent
pericd) ang KX, 15 the propertionality constant that s 4 eeasurt
of the carcinogenic potency of the asbestas eaposure (slape of the
oose-response curva). (For s more cetatted rationaie for the choice
of this mooel, tee Ex. $4-192). Tais cnl:ﬂau‘m wes perforses for

_ech five-yetr age nterval; m-ounu lung concer risk IS thea .
COmputas as the sus of the ritks 'a each of he five-yadr 1atervals
from age 25 to e 10,

-
-

966GC00LS :

The conospt of direct

proportionality
of the risk of lung cancar to the dose caa

be demoastratad with o axampile.
Using Equation L if doss is incressed by
a factor of thres, such es increasing the
durstioa of exposure from two yeurs to
six yeurs. the excese relstive risk ((R./

described above may not be observed.

:mhc explanation is given in Secticn
' .

C Dose-Response Model for ° .

Mesochelioma

OSHA beligves that the risk of
mesothelioma is best estirated by an

absolute risk model. Absolute risk Is

among a cobort of factory workers i

calcnlated as (obesrved deaths/person-  England. Limited dats sre also evailable
years at riskl. Use of SMR'e or relative from three studies on the dose-response
risk s not appropriate for mesothelioma  relationship for mesotbeiioma (Seidman

becuuse the expected number of deaths
in & cobort wouid be cloee to zero due to

ot al. 1970, Ex. 04=87: Hobba. ot ol 1980,
Ex. 132, and Jones et ol. 1980 Ex. 84

eiog abactete ek rether St etve

s risk ret relative te that martality from
risk, this modsl is differwat froe that -m&mlw”ody

wsed for lung cancar because both after & minimusm of 1an years {ollowing
duration of time since initial exposure the initial exposure and begins to

and duration of exposure are decresse after 43 years from onsat of

determinative risk. The magnitnde of the {Selikoll et al. 1970, Ex. 34-00
risk incresses linearly with intensity of 404 Nichoisom et al., 1983, Ex 84-251).

expoaantially vd‘l: ::::ndm mdww Ihm cas be
end time from onset of exposure mw‘;’,‘m squations

The rationaie for such & moce! for

describing meso:helicma risk has beea

discssed by several anthars (Armitage

snd Dall 1908, Ex. 84-232; Pike 1998, Ex.

84-388). Such & modal was v:il:zad by

Newhouss end Berry (1978, Ex. 84-343)

in predicting mescthelioma monaiity
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Mg e f gt for lre>t210

M oG for 10>
ahere M' i3 the msrtelity from sasothelioms, f i3 the tatensity

of espoture in fibers/cc, ¢

s tmg after frest

proportionslity constant taat

02p0%re

'3 R Guration of €sD0SWrS A yeirs, ¢

I ogeers, e K, 1 the

1S 4 seasure of the @asuingltem

CArcineganiIC potancy (slose of & dote-resjonse curve) (Ea. M4-292,.

D. OSHA's Quantitative Risk
Assessmant .

OSHA's critical eveluation of all
relevant animal and mmlﬁ
studies resuited ia seloctiona of

ical studies (or calculation

ll“WuﬂﬂlLlﬂlll.m
Finkeistein. 1983, Ex. 04-200; Peto. 1980
Ex. 84~182: Dement ot ol. 1962 Ex. 84~
3% Berry and Newhouse. 1983, Ex. 84-21:
Liddell ot al.. 1977, Ex. 344Kk Nicholsca
ot al. 1978, Ex. 04-72Z and Rubice ot al.
1979, Ex. 84-88) and four for K,, for

Peto. 1500, Ex. 54-108). in general,
studies of human cohorts in the
votiphuthouklmvidcl better basis
for quantitative risk tions at risk

these studies did not contain exposere
data. bt could be led with
exposure information other sources
ir order 0 obtain an esumate of X, and

Ke

OSHA chose nct 10 vse snimaei studies
1o predict cuartitative sstimates of risk
from ssbes:0s exgosure due te the muny
high qualit: Euman studies that exist
that were conducted in actual
work place situstions. Rather OF1IA hus

supplemented the human date with
results from animal studies in the
evaluation of the heelth lnlmuoo and

studies aiso indicais that longer. thinner
fibers may have grester carcinogenic
poteacy than short coarse fibers.

the rumuoan in study design and other
factons in the ability 10 detect
e\zess risks. One of these is the limited
Lbnowk-cge of pus! fLer exposures of
these populations whase mortality was

—

later evaluated. Prior to 1970 few
messurements were made in facilities
using asbestos fibers. Further, those
measurements that were doae wsually
quantified all dust present in the

longer thea five micrometers have been
utilized in Creat Britain agd the United
Staies only since 1984 [Ayer ot al. 1988,
Ex. §4-253:) and have been standardized
in the United States only since 19272

then oaly
eveluated these differences and have
dull with their implications on a study
by study besis. as explsined in the
quantilative risk sssesament (Ex. 84~
282). OSHA notes that, despite these
lppuut limitations, taken as & whols.
the asbestos studies coatain data of
unussally high quality which hes
S e
estimates with a egres
confidencs. ‘

in addition, variability in work
activities sad in sampiing circumstances
add mndttn:::mnlmty o

Some of the spidemiologic studies,

those by Dement ot sl (Ex. 84— -

including
33). McDoaasld ot sl. (Ex. 84-48), and
Henderson and Enterline (Ex. 84-48).
have messured air concentrations at the
exposure site and used §2b histories of
the study population to estimate
exposure. in these cases ths dose-
response curve was calculated by
sstimating total asbestos exposure (in
mppef-yeurs or in fiber/cc-yiare) -

0 the time that an individual
spent st & job with & measured exposure
velue. A conversion factor for

cocverting from mppct to f/cc was
umlcnd ons nh.hdydt.ry .Mv.l:b.:'
dtpmdmnau ts ava.
Other ¢p studies. for

exampls those oy Selikoff ot ol (E:. "
90). and !ddnu ot ol (Ex. 04-87), bad
aeither job histories nor direct !ndustrial
‘hygiene measurements for the studied
worker popuiation. For these studies,

estimates were derived from

ndhbh.‘nn stud by Seidman et al.
m‘-'l b exposure ( lI‘lmiéh
ton w

moﬂuhmﬂuﬂulmmnulw
dose in establishing tha shape of the
exposure-resgonse ralationsh:p).

As discussed ir: Section [V. OSHA has
concluded thet workefs exposed to

16667001S ,
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asbestos are likely 19 be #t an increused
risk of gastrointestinal cancer, Though
an excess of Cl cancer bas sot

of consistaatly in every study of
asbestos workers, and while the ratio of
.ummua-:: canoar
varies considersbly to study.
thare s 0 be suflicient evidence
tonn‘:;::hlhlhm )
gastrointestingl cancer risk ia asbestos-
exposed populstions. In gesaral. the risk
ranges from sbout § %0 20% of the excess
lung cancer risk. (A detailed wble of the
risk from gsstrointestinal cancer
observed {n 27 studies s given (a Ex 84~

. 393) In an attempt b0 tify the risk of
trointestinel . 08 considers

gas canoer, OSHA

that o simple risk model in which the

::; is pm:l:dmu:::
8| o

risk gestrointastinal cancer. The

‘estimatas of risk from gastrointestinal
cancer are also givea in Tabies 10 and
1.

Cancers at sites other than the lung,
mesothelium, and gastrointastinal ract
have been shown to be elevaiad in some
asbestos exposure studies, including
laryngesl, kidney, and
buccal cavity cancer. To it
appears that the excess risk [ar “other
cancers” Is about the same s for
gastrointestinal cancers. OSHA
recognizes many uncertainties in
quantifying this risk, in view of the
inconsistencies is findings among
different epidemiclogic studies. (Same
studies bave found excess risk from
other cancers. while ether studies have
oot.) The sites excess risk have
also varied smong Therelors,
OSHA has not mage sumerical
estimates of risks for these other causes
at this time. The data indicating
gastrowntastinal cancer excesses are
stronger and more coasistent than the
data suggesting axcess at these other
cancer sites. OSHA does not {eel
compelled to quantify this risk st this
time. The high quality and well-
supported estimates of excess risk of
mortality from lung cancar.
mesothelioma end asbestosis alone
provide sufficient basss wpon which
justify this action. :

E Estimates of Cancer Nortality

A best estirnate of K, was calcula
for sach of the eleven epideniologic
studies and an estimate of Ky was
calcuwated from four of these studies
{see Table 8) (Ex. 84-382). For each
stady. the best estimate for K, end Ky is
indicated sloag with & range of
uncertainty. The ranges listed are thess
are the result of estimates of exposure
uncertainties (uscally & facrae of 21
methodological uncartainties that led to
alternate evaluations of risk gr evposure

or in some cases. statistical
uncertainties associated with small
sumbers. Detailed derivation of esch
range of uncertainty is discussed in Ex.
84082

around this sstimats of K, are such that
an appropriate estimste of K, could lie
between 0003 and 0.03. .

To account for some of this bias whes
astimating Ky, it (s useful (o examise the
rutio of Ky 0 K,. For the four studies for
which Ky was calculated, the range of
the catios of Ky 10 K, is only
{‘rom 0.73 % 10™ 10 1.79 X 10°7). Both the

srithmetic and geometric mcans of these
ratios are 1107 Thus. 1X10°%Is an

< ap choice s the best estimate

of Ky/K;. Using this estimate of the ratio
Ku/Ke and the preferved estimste of K
(0.01). the preferred estimate of Ky
mdul:w*(x:‘.txw-' ax10~
X1X10°% A range of 3% 107 to I x1
for Kg would tely represent
most exposere tions.

There is 00 evidence in this snalysis
e al lung
cancet potency is ascril loa

of fiber. Some of the

?
i
i
|
7

K¢ 's) by process emerged. One study of
asbestos textile workers ound & very
high risk while another found & much
lower risk, and the same was true for
the two studies of asbestos production
workers and the two studies of asbestos
cement workare. Therefare. the choice of
« midpoint unit risk for ali industrial
procssses (K, =0.01) is 8 reesoneble end
justified choice.

The best estimates of X, and K, were
utilized to estimate the mortality fmmf
exposures (0 varying concentrations ¢
asbestos lor different time periods
beginaing at different ages. The
calculations are age, intensity and
duration specific. Tables 10 and 11 show
the excess ashestoe-related mortality
rates from lung cancer, mescthelioma.
and gastrointestinsl cancer
{gastrointesting] cancer excess is
sssumad to be 10 percent of the lung
caacer excass). In these calcuiations,
Equation 1 and Equation 3 were used
with values of K, equal to 0.01 and K
equal to 1% 10~° and the 1877 U S. rale

background lung cancer monality rates.
Because of incresses in lung
cancat retes in man since 1977,

8665C00LS.
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estimstes based on more recent
background rates would be higher.
Culculations were dune for ench S-year
sge interval. and then summed to give o
total lifetime risk. The calculstions
performed to pive the resuits in Telles
10 and 11 assumed that the relative risk
incressed following ten years afler cnset -
of exposure and coatinued 10 rise untl
ten years after cessation of exposure.
after which it remained constant.

Tabie 10 gives estimates of risk for
one year of exposure to asbestos al
various concentrstions for workers
beginning exposure at ages 20, 30 40. 30
and 00. it should be noted thet
employees exposed st sarlier ages show
tugher risk of all cancers due to the long
period of time during which it will be
possible for disesse 1o develop. One
year of exposurs 10 asbestos &t 2 [/cc
starting at age 20 may result in & total
excess cancer risk of 348 per 100.000
workers. .

Tabls 11 gives the predicted excess
lifetime risk of cancer for exposures of
one year. 20 years. and 43 years
assuming first exposurs at - 8 .

Severul comments should bs made
regarding the results (n Tables 10 and
11. Thoagh excess relative risk is linear
in dose. the excess mortality retes given
s Tables 10 and 11 are oot strictly
linear in dose. Therefore, for example.
the nsk ot 2 [/cc is not exwetly 4 times

— — e — —————

the nsh at 0.5 [/cc, though there is &
cluse dpproaimation. It should also be
nutcd that the risks for longer penods of
expusures do not sppesr to be a
struight-forward multiplication of the
risks of shorter duration. [n the longer
exposures calegories. where exposure
will effect older workers. some
adjusiments have been made for
competing risks which sre likely te
aflect the death rate from lung cancer. In
addition. when looking a1 the lotal
cuncer riska. it must be remembered that
thess include the risk of mesothelioma.
which is related (o time in an

fashion.

exponential

As can be seen [rom Table 11. the
predicted risk from mesothelioma is
approximatsly eqéal to the lung cancer
nsk for one year of exposure end. sbout
one-half the risk value for cancer in
the 20-yesr exposure growp. excess
risk of mesothelioms sfter a lifetime
exposure (43 yoars) o asbestos is
approximalely ons-third the lifetine
excess lung cancer risk. These
predictions comport with observations
in seversl populations, where mortality
{rom mesothelioma is observed to
comprise approximately 30 percent of
the excess mortality from lung cancer.-

Using the equations given esrlier. and
based oa the calculations in Table 11.
OSHA predicts o lilatime excass tisk of
total cancer for e lifelime exposure (45

yearst to 2 [/cc a3 8.411 excess deaths
per 100.000 workers. or spproximately
64 per 1.000. Recognizing that 8 20 year
exposure to asbesios may be another
spproxsmation of sctus) worker -

Reduction {a the PEL from 2 {/cc (0 0.8
{/cc reduces the risk from lifetime
exposure {rom 64 per 1.000 to 17 per
1.000. Similarly. for a 20 year exposure.
the risk is reduced from ¢4 per 1.000. to
11 per 1.000. representing s 7$%
reduction in risk.

The lifstime risk from one year of
exposure [ollows s similar course. The
risk reduces from 298 per 100.000 at 2 {/
2. to 74 per 100.000 1 0.3 .
f/ce. As discussed sbove. this implies
that the lifetime excess risk from s six-

- month exposure to asbestos would be

spproximately 198 per 100.000 at 2 {/cc.
and 37 per 100.000 8t 0.3 (/cc.

Lastly. Table 11 contains the risks for
levels nigher than 2 [/ce. because OSHA
believes soma industrial sreas (such as
construction) may be at these higher
leveis. This population of workers would
consequenty experience s much greater
reduction ia risk by exposures to 0.5
{/cc. or less.

SlLNG CONE @ %-20-8
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Tavle 9
€stizates of the Slope Parameters for Lung .
Cancer (K and nsotnnllou. {KyJ» by Process

Study . WY " rymio K/ _{210°)
RAMFACTURING o '
Asbestos Products . - - .
Menderson & Enterline (1979) 0.0047 (0.0026 - 0.0066)
Asbestos Cement Products
Welll ot al. [1979) 0.0033 (0.0016 - 0.0086)
Finkeistain {1983) 0.067 (0,033 - 0.13) 12 (4-30) 1.79
Jextile Products =~ . _
Peta (1380) 0.0076 (0.0009 - 0.023) 0.7 (0.3-2) 092
Gement et al. (1982) ,042 {0.023 - 0.21)
Friction Products
berry & Mewhouse (1983) 0.0006 (0 - 0.008)
Insylation Products - .
Seidman et al. (1979) 0.068 (0.0049 - 0.14) 5.7 (3-11) 0.84 2
INSULATION APPLICATION - o | =
selikoff et al. (1979) 0.020 (0.008 - 0.030) 1.5 (0.5 - 2.5) J5 o
HINING-MILLING ) ' T =
LiddaH et al. (1977) 0.00065 (0.0002 - 0.0011) . <
Nicnolson et al. {1979] 0.0023 {0.00% - 0.007;
Rubino et al. (1979) 0.0651 (0 - 0.0C9)

! values ta parentheses regresent the range of uncertainty around
the estumates of X and Ky. Thase are Computed on a study
by study basis and calculations for each study are discussed in
e text. .

b
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Table 10

Estimated asbestos relatad cancer mortality from & one

Je4r exposure various fiber concentrations

Asbestos fiber Cancer mortality /100,000 exposed
concentration sothe-
(t/a1) Lung tioma Gastrointestinail  Total
Age at first exposure: 20
0.1 7.2 9.5 o 16.2
0.2 4.3 18.9 1.4 4.6
005 ”0‘ ‘7.3 Io‘ “o’
2.0 142,8 186.7 14.3 345.8
Age at first exposure: 30
0.1 7.3 4.9 o 12.9
0.2 . 14.5 9.8 i.4 4.7
0.5 36.3 24.4 3.6 6.3
2.0 i44.9 97.4 14.5 256.8
Age at first exposure: 40
0.1 70 2. J 9.9
0.2 4.1 4.3 1.4 19.8
0.5 5.3 10.7 3.8 49.5
Z.o “0.9 “-‘ .o’ “o! "’ ‘
Age at first exposure: 50 )
¢.1 6.7 0.7 .5 7.4
0.2 - 12.2 1.5 ‘el 4.9
0.5 30.4 3.7 3.0 37.0
2.0 121.7 4.7 12.2 146.6
i Me at first exposure : 60
0.} 4.0 0.2 .4 4.6
0.2 8.0 0.3 © .8 9.1
0.5 19.9 . 0.9 2.0 k.8
2.0 3.4 8.0 91.0

9.

dose-response nformation,

-t cstimated as 103 of lung cancer risk rather than calculated usiug

100GE00LS
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Table I}

Estimated Asbestos Related Cancer Mortality per 100,000

i By Numper of Years xposed angd tiposure Leve

Asbestos fiber . Cancer mortality /100,000 exposed
concentration _m.’:"—'——

(f/ml) Lung loma Gastrointestinal?  Total

- ) 1 year exposure

0.} 7.2 6.9 0.7 14.8

0.2° 14.4 13.8 1.4 29.6

0.5 _ 36.1 un.6 3.6 74.3

2.0 i44 i38 14.4 296.4

4.0 288 275 T 28.8 591.8

.0 360 k7] 36.0 ) 740.0

10.0 ns 684 n.s 1470.

20 year exposure

0.1} 139 73 13.9 225.9

0.2 278 146 7.8 451.8

0.5 692 362 69.2 1123.2

2.0 713 1408 a3 - 4392.3 .

4.0 5278 2706 §27.8 8511.8 .

5.0 6509 Rk b 650.9 10476.9 —

10.0 12177 6024 1217.7 13996.7 o
| 45 years exposure S
| 0.) 23 82 a.a - 336.1 =
; 0.2 460 164 4.0 670.0 Py
, 0.5 1143 407 114.3 1664.3 —~

2.0 4416 1554 441.6 6411.6
‘ 4.0 8441 2924 844.1 12209.1
| $.0 10318 Js47 i031.8 14896 .8

10.0 18515 6141 13581.5 26507 .5

! Assumes exposure begins at age 25. Risks are caiculated using U.S.
male lung cancer background rates for 1977.

2 gstimated as 10% of lung cancer risk rather than calculated using
' dose-responss inforsation.

SRLAN COUR 4%W-0-C
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+ Quantifying the Excrss Rish Frm
Asbestoss

Many studics have found the
om{lgmm lung disense. nln-slm

among ashestos-expascd wurkers. [n
fuct. carly occupational heslth
slandards governing asbestos exposure
pnmarily sought to reducs the incidence
ofubmom. Asbestosis is e tyw of
g‘ of & history ol posure ::

asis of & ox

asbestos: it is charscterized by
radiologic changes to the lung.
bresthlessness, nn’p;md lung function.
and other clinical festures of fibrosing
lung disease. Asbastosis can be
munifesied in 8 range of degrees of
m'ul:!y and can result in disulility «nd
dea

An early response by the lung to

4sbestos exposure is formation of
plaques. which are opaque patches .
visible on chest X-rays. The presencs of
plaques might indicsis increased risk of
future dav nt of asbestosia, but
this is not cartein. Although the disease
significancs of plounl pluques is not
cleat. the presence of the plaques is not

Berry ot ol {1670 Ex. “—ﬂl delines
~possible ssbestosis™ as s lung
condition based upon dpu of early
asbestosis. He classifles °
usbestosis™ on the finding of busal rulws
or crepitations, rediologicel changes of
varying degree. a [ gas tranafer
factoe. and restrictive in lung
volumae or ventilatory capacity. The
definition of asbestosis varies among
different investigators. Berry ot al.’s
definition of possible asbestosis. for
example. is not sufficient for the victim
12 qualify {or Beitisk: Disablement
Fenefit
Asbestosis can progress to e dissbling
condition where sctive work is ao
longer possible. Altnhough no ningle
definition of disubility exists, various -
governments have adopted definilicas
of asvestos disability to administer their
worker s conpensstion laws. Flakelstein
explaing the system used by the Ontario
Waorlkmaa's Compensation Boardt:
Workers submitting claims w the
Comoeasation Board are examined by the
Ad.1son Committen. which recommends
whetker or 00t 8 Disgbility Pensios he
wur ted. Theve arv ne strict critona far the
.n.mud.muunvmh
ark estome, but some of 1on luctors
crusidered iaclude o Ristry of “udsyuate”
s posure. & hisicey Mdvq-u the premence
of crepitutions or dub-m ndum.phc sgns
of pulmnnary MLress and shearma:
nulmonar: lunction resuits (Ex. Add. p. 98

—

Asbestusis has been hnown to
progress ur warsen sfter cessation of
evposure. prolisbly due to irreversible
injury und/or the retention of ssbestos
fibers in the lung. In sddition to lung
function impairment, asbesiosis

- contributes (0 incressed asbestos-

reluted mortality. [ncressed resistancs
crested by the lung obetruction csn lesd
to heart faillure.

Because of Lhe many possible
deflnitions of asbestosis givea by
different groups. the quantification of
single risk associated wilh ssbestosis is
difficuit. It is clear that materiel
impaiurment from asbestosis occurs prior
to the caset of its disabling stags.
Quantitative studies exist. pnmrﬂy for
the disabling forms of the dissase:
specifically. twe saparate studies
provide information to develop s dose-
response relationship between asbestos
exposure snd incidence of asbestosis

.(Ex. 84=20 and 84=44).

Two definitions will be helplu in
interpreting the data concemning
asbestosis. incidence is ths rats at
which new cases of asbestosis develop
in & given period of time. It is @ dlrect
measure of the risk of the
disesss. On the other hand. prevalence
measures the number of cases slive in a
population at & gives period of tima.
Numerically. it equals the sum of all the
incidenca cases in the past minus ail the
mmu«mmumm
bad developed the disease. Prevalence
unbonﬂaeﬂnduhdurhkfc
asbestosia in & populstion: prevaiencs
however. can be lugh for other reasocas.
such as incressed survivel Moreover,
incidence establishes 8 time sequance
whereas prevalence looks st both cause
and effect simaltansously. The best
estimates of risk of asbestosis have

been culculuted from incidence duts of
two studics. Berry and Lawinsohn (Ex
84-231) and Finkelstein (Ex. 64—44).
OS!t (A has aiso exsmined prevalence
ratey (0 support & quantilative

" assessment of risk for asbestos. and

these dets will be discussed first.
laryoul.(lmh.u-.m studied o
group of 379 men who worked at oa
asbestos textile luctory foe at least 30
years. Dust measurements were -
availsble and were correlated to each
job pesformed for each year under
study. Health effects wers correluted to
cumsistive exposure. Table 12 shows
the observed prevalence of crepitations.
“possible asbestosis™. snd certified
asbestos for data from Berry et al. as
taken from the fitted curve in Figure ¢ of
their paper. Possible ssbestosis was
diagnosed by the factory medical officer
if he thought that s man was developing
signs or symptoms of early asbestosis:
0% of the men diagnosed with possible
asbestons received certification within
the 3.3 years following this disgnosis.
The results in Teble 12 represent s group

. of workers employed afier 1960, who

had a relatively short durstion of {ollow-
up (maximum interval from first
exposure was 23 years) A
percentage of asbestosis would most
likely have been observed if the follow-

period in the s had been
:uadd dy

The ocbservations of Berry et ol
presented in Table 12 are probably
underestimates of risk. First, the riak
shown in Table 12 does not give the
probability of developing dissase after
exposure bas ended. but rather. reports
the diseass found st one point in ume.
Second. the dats includes some workers
who may nat have beer. followed long
enough for asbesiosis tn appesr.

TARE 12

PREVALENCE OF CRZPITATIONS, FOSSIGLE ASBESTOSIS ANO CERTIFILO
ASBESTGSIS FOR CUPNATIVE EXPOSLRES TO ASKLESTOS FROM
SERRY ot al. (1979)

Cuswiative exposure, floer/ct - years

Percent with

congition Crepitations
i b
$ (- ]

F] »
8 Yoo

]
.

Poassinie Certifiee
hstestosts Asdestosis
“ Q
" 100
s 130
1 a8

-~
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These duta of Berry ct al. demuonstrate
severs! features of the nature uf the
asbestosis risk. The dals show s
continuum of clinical response over the
range of doses: that is. these clinical
observations su the existence of @
doss-response reiationship. Second.
these abeervutions also support the

existence of a low. of passibly no.
threshold fur asbestosis. since there 1s
incrensed rish ut cumolutive expoxures
us low us 37 fiber/cc-years.

Berry and Lewinsohn (1979, Ex. 84-
.34) huve reported the iacidence of
asbestosis i this same asbestos textile
factory. These dats are presented in

Table 13

Inclmn of Possible Asoestos?s Oy

Cumulative Exposure
Serry and Lewinsom

_ Comulative Exposure £ lncircence
First employment
(fioer/cc-youars) 8efore 195
0-49 -
$0-99 3
- 100-14% . 2.6
150-199 3.9
200-249 6.2
300-349 4.6
Wsm(l&k“lbohdn was deveioped using estimated
tba davelopment of compensabls cummlative exposures based oa plaat
{cartified] asbestosis among 201 workees . dust messurements and using medical
at an asbestas-cames! hauyin informatios rom the Oatario
Ontaria. A dose-vasponse reln Workmen's Compensation Board. Table
TASLE 14

.d -
-INCIOENCE OF CERTIFIED ASOBESTUSIS AS A FUNCTION OF
CUMILATIVE EXPOSURE FIMKELSTEIN (1982)

Cumulative sxpossre % Incigence
fider-years/cc
- 0-49 0.5
50-99 . 3.4
100-149 6.5
150-199 7.9
200-249 4.3
?nlchulan(l‘l!ohnrnlmuy asbestos.” Ou the othar band.
overstate the incidence of ssbestosis Finkelsiein's stady may have
becauss at autopsy. there was histolagic  understatad asbestosis risk by
evidancs of silicosis as well as aaaminisg ouly certified disabillty froc
asbertosis in many men. Finkelsteln ubutdsvhdunad\anudsup
fnates thet “we have, neverthelcss. of asbestosia.
chosen o call their disease "usbestosis’ OSHA:uﬂmmolrhkwm
us we believe that is the pathalogic derived from a simple linesr regression
process of most significance. Most of the  cf the incidencs on the midpoints of the
simormalities cumulative expraure data of Berry and
weve small irregular opecities and the Lawinsoha (Table 13) and Finkclstein
mortaiity pattera among the men was [Table 14} A linear relationship wes

ronsinient with the tunie ofTeets of

assumed, at leust ‘o the point ert mation

elations

31131

Tulile 12. A dJuse-rosponse relationship
is spparent for the incidence data. but
18 nut quile as consstent for the
prevulence date.

After 1930

o.e -
l
2

14 shows the incidence of certified
asbestosis cases as s function of
cumulative exposure from the
Pinkelstein study.

10096001 .

of 0.5 Bbere/cc for 43 years (or 225 fiber
years/cc) This assumption is consistent

* with the {sct that early stages of *

disesses are obesrved st low exposures.
A similar sonclusion is drawn n the

. report of *he British Advisory Commitiee
on Asbestos (Ex. 84-218. volume 2 p.
38). “The presant authors coms down :n
faver of a dose ;esponse relationship
withoat 8 threshold for chrysotile within
the reage experienced in industry.”
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TANE 19
ESTIMATES OF LIFETIME ASBESTOSLS INCIDENCES

Lspoture levet, 3 [ncraence
fioer/cc Serry: first emgloyes:
Finzelstetn Sefore 1981 After 1950

0.§ 1.2¢ 0.4% 0.3

\ 1.49 0.0 0.6

2 4.9 1.79 1.3

$ 12.43 4.4 1.38

10 20.86 8.93 6.9

Slepe 0.05% 0.020. 0.01%
ol 0.97% .901 9

Tae results of éach of the regression environment lo generate quantitative

ansiyses and predictions of incidence
for seversl dose concentrations are
given in Table 18. At this time OSHA
makes no ejtempt o extrapolate the
dats using this model below the 0.8
fiber/cc level or above 10 fiber/cc level.
The estimates from the 3 coborts differ
by an appronimste (actor of 3. This may
be indicative of some of the
maethodological issues raised earlier. It is
possible that the estimates made from
Berry and Lewinschn's data may be
underestimates. The maximum duration
of follow-up in that study was 23 years.
with an average follow-up of 18 years.
Obeervations Finkelstein's data
(his Table 1) demonstrate that only 41%
(23/38 cases) of 10tal incidence was
experiencad ia the first 24 years sin2e
firet exposure. That is. 39% of the
asbestosis incidencs was not expressed
unti] ot least 28 years from firet
exposure. Thus. it is likely that the low
incidencs rates in the Berry and
Lewinschn study {and therefore. the low
estimate predicted by OSHA) are
reflective of the short follow-up pened
for this group of workers.

OSHA beiieves that the bast
estinates of tbe 1ncidenca of asbestceis
are those derived {rom the Finkelswin
date. They indicate that among workars
exposed for a lifetime exposure 10 2 f/ce
of asbestos. spproximately $% will
develop asbestosis. Reducing this level
to 0.3 [/cc would reduce incidence te
1.24%. It showd be noted that these risk
sstimates represent incidence of

sdverse onary effects are reported
mmmm

G. Other Quentitative Risk Assissments

Since 1978, several sciantists and
scientific committaes have estimated
nisk associa‘ed with asbestos «xposu-e.
(Exs 84-1. 84-1, 84-210 83-234.) The
risk assessmonts are in approximate
sgreement. They sl use epidemivlipical
studies conduzied in the occupational

estimates. Animal studies are used to
oaly support and justify methodological
procedures snd sssumptions
qualitatively. For lung cancer. scientists
generelly accept the linear model
ek anl penerally sccept e loch or o
sccept '
l.hmhokr:n.:m«lbyh British
Advisory Committee on Asbestos: “For
lung cancer. the available data in man.
sl of which are derived from industry.
show en incresse in risk with increasing
dose of dust. and we find no evidence
within the of dust levels studied
fora of dose below which
there is 80 evidance of risk"” (Ex. 84-218
p. 88). In general, all the risk
assessments use cumulative exposure 8
the measure of exposure for ell cancer
risk estimates (cumulative exposure
equaling intensity times duretion of

exposury).

Givda the excertaintiss inherent tn
quantitative risk sssessment. as we.l as
the inevitable variaticns in Rndings
among the many epidemiciogic studren.
OSHA believes that the different
quantitative risk estimates agree
relatively well. The varistions that do
exist can be explained by the
assumptions made or by sumple
methodological diferances. Some
variations may Ye due to differences in
the work savironment used in the
sssessmenta.

For example. Crump's assesement.
given as lestimony to the Ontario Roysl
Commissiua oa Asbestos 1o August
1981, contains quantitative estimates of
risk for several studies. including
smoking-ipecific risk estimutes. Crump
dou"t'l::w & best sstimate of risk or
an risk estimate. His estimates of
nish are based upon 18 assunption that
worker exposuse thet would result from
& standard set at o 2 Oher/ce limit is
sctaally much loaer thea 2 fibers/ce.
That ‘s, his tisk estimate under 8 20
fib 'rs/cc stand 11d assumes that sverage
wosher exjpsuie would be only 10

fibers/cc {p. 49). He reduces this level
by s factor of two o sccount for
differences between personsi and static
sampling (&Ql. Thus, Crump's
estimates jor @ 2 fiber/ce siandard will
be four times lower than those estimates
mads by OSHA for average worker
exposures of 2 Aber/ce. Such differences
in assumptions should be kepf in mind
when compering risk sssessments by
different suthors { ‘s gstimate ot 2
{/cc would be compared t0 OSHA's
estimate st 0.8 {/cc). OSHA has

population were exposed 10 an average N
concentretion of 2. 1. 0.5 and 0.1 fibers/
ce refl OSHA's belief thet &
standard of 2 {/cc does not preciude
worker exposure st that level: in fact
exposures may even exceed 2 fibers/cc
for shart periods and still produce sn 8-
bour TWA below 2 [/

The report of the British Advisory
Committes on Asbestos contains one of
the first quantitative risk assessments
performed for asbestos. This was
updsied in 1963 by Achescn end
Gardner (Ex. 84-243). The report
describes risks [or lung cancer.
maesothelioma. other asbestos related
cancers and asbestosis and it contains &
rather thorough description of the hesith
bazards sssociated with asbestos
exposure. The British report's risk
estimates for lung cancer do not differ in
[ u::;;ly from OsHArd's estimetes.
For ¢. with regerd to exposure to

tile. the Acheson and Gardner

te states that “We concluded that
for examaple. an excess mortality from
asbestos-related disease of 2 percent
might be essociated with any pmint in @
range of from $ fibers ‘ml to 0.4 fibers/ml
and that bearing in the mind the very
sonsiderable uncertainties a figure
towards tha lower end of the array (0.4
{/=ml] might represent an spprovriste
compromise.” (Ex. 04=243. p. 14). As s
comparison from Table 11. OSHA's best
estimate of risk is that an exposure to
0.3 fibers/cc (mi) would result ina 1.2
percant incresse in desths from lung _
cancer (or 1143 excess desths per
100.000}. .
VL Technical and Zconomic Peasibility

Based on an eveluetion of evidence
contained la the record. OSHA finds
that the provisions required by the ETS
are technically and economically
feasible. OSHA has examined the
various industries and work operstions
impacted by the standard and their
ability to comply with the provisions of
the ETS. Because the ETS requires
prompt reduction of risk. OSHA

cnnginnlsS:
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nesessed the industry’s sbility to
implement the requirod anatruls

neuummmmmn-
resuit. three options are availuble o
lower the ssbestos fiber concesirations
to which workers are m
Engineering controls 88 aulomatic
bag opening devices. specialized
vecuum equipment and incressed
ventilslion: (2) work precticen. such =
wet treutment of the asbestos material
and increased of the work
Femerons Do 10 e merpe
respiretors. to the emergency nature
of this sction which requires immediste
response (0 reduce worker exposure.
OSHA assumes that respirstors will be.
the initial method used to comply with
thoﬂ'S.Afun.:l‘mdoad'

of the sitemnative methods for each
industry and for the various PELs snder

consciantiously.
immaediately result in concancrutionn ot
least as low a3 0.8 in many industries

. below the estimated current

cuncentrations. Furthermore. for
purpases of worst-case analyus. OSHA
assumed that none of these -Mwﬂ;
has say respirstor program except

the shipbuilding and construction
scgments. OSHA makes this essumpticn
because OSHA sstimates that mast
warkers (a8 ln‘d;:m other than
shipbeiiding coastruction are
exposed 10 sight-hour time-weighted

averagos less than 2 (/cc. snd the OSHA

-wwmﬁmm-
respirsior program whan engineering
controls and work practicss caanet

bring axposures 10 2 {/cc. To the extent
thet some firms do have an existing
respirator program. the costs are
overestimated.

factor or durability. respirator cosis may

be understated. Furthermore. OSIHIA hus
0ot included in the cost snalysis »
considerstion for lost worker
productivity due to weering respirntons.
Coets mey be understa nng’ whatever
enticipeted resplirs hm d?::l

or ts
required to dm costs for the ETS
sre Bsted below, These slements are
darived from the existing provisions
found {m the Asbestos Standard. 28 CFR
1910.1001 end the standards for
respirators. 29 CFR 1010.134.

All of the required respirstors and
filters are resdily available end can be_
plirchased through local distributors.
Since the program relies mosty on
disposable respirstors, OSHA considers
thet there will be no supply constraints.

mmmqsmm

will be effective in improved
mmmwdol

undarstanding of the health hazards

‘from asbestos exposure and will result

{n more effective use programs and

300306001S ;
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TABLE 16
Anticipated Respiracor Program Elements Required to meet PEL

Anticipated Type of Respirators

Industry Segment Used to Meet the PEL Other Progras £ icments
Pruur! Manufacturing | disposable/workday/«orxer Full aamin. cmtsk
/C Pipe [113 2 dir-ling/plant (for nhigh Fit Yestd
Friction Materials . concentration situations)? Training )
Asbestos Paper 1 disposadble/worker/day SOL aamin. costs
Gasxets for partions exposeu at 0.75 Fit Test
. Training
Floor Tile (notning for PEL of 0.5)
Paints, Coatings and 1 aisposable/worker/day for 75% admin. costs
Sealants 75% of workers - - Fit Test
Traiwning
Textiles .
wet Process ] 1 disposable/worker/cay Full adain. tosts
- . Fit Test
Training
Ory Proceis 1 disposable/worker/day Full aomin.” costs
Fit Test
‘ A Training -
Secondary Fabricators | disposable/worker/day - 15 admin. costs
Tement Sheets, Paper 2 air-line/plant for nigh Fit Test
Products, Packing concentration situations Traint:g
and Gaskets ~ :
Textiles 1 disposable/worker/day 1} 4 admin.'costs
Fit Test
Training
Automotive Aftermarxet 1 disposable/worker/day 1% admin. costs
T Reou1:ding and ReTacing | air-line/plant
. Fit Test
Training

rnnaanntg
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Respirator Program Requirements (Cont.)

Anticipated Type of Respirators

Industry Segment Used to Meet the PEL Other Program £lements
Srake Reparr Mothing
Gasoline Stations . Nothing o
SMF‘ ilding/Repair - 203 of aamin. costs
1pbuIiding nothing Fit Test ‘
Ship Repair | disposable/worker/day for Training
203 of tota: workforce
Construction 10% admin. costs
Tnstallation | disposabiesworker,;day Fit Test
A/C Pipe . Training
A/C Sheet '
. W
-—
Roafing Felts Nothing =
. - . =
Demolition/Renovation 1| HEPA full face for . 25% admin. costs S
253 of the workforce Fit Test <
Training =
Y e )
. (o]

Repair & Maintenance Nothing -

A0SHA assumes that certain jobY such as cleantag of vacuum equipment will produce

sxposure levels greater than 10 times the PEL. Consequently, O3HA assumes 2 aic line

respirators will be requires per plant excapt for smal) operations which will require
ly one air-line respirator per piant.

Adainistrative costs represent the salary of one .full time professional at $30,000
per annum and ona full time clerk at $15,000 per annus. QSHA has aajusted
wainistrative costs to represent expected reasonsble time spent administaring a
respirator progral ia each industry. Ia the secondary fabrication and automotive
aftarmarket sectors, for exasple, USHA anticipates that sypervisors will spend 15
sinutes A day distriduting and monito. ing the use of disposiDie respirators. Thase
sectors have for less of & management burden than large fires, and thus,
administrative costs are caicuiated at ! percent of the fuli aaminmistrative amount.
OSHA believes that admtaistrative costs have been overstated in most segments in order
to present & worst case scenerio. '

assumes that every employes aust be fit tested for respirator usa at a cost of

| per employee. ) .

USHA has allowed 3 hours for respirator and asbestos training. OQSHA considers that
this s very libera)l, especially i industry segments charactarizes by small plants
and by the use of disposable respirators. Costs for this element are therefore
overstateo to present the worst-case scenario.
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CSHA slso examined the leasibility
of analiytical methods for messuring
ssbestos eir concentrations el the 0.9 /
cc limit established by the ETS. OSI{A'e
omm standard nm that all

mﬂm d asbestos fibers be
made by the membrune filter method et
400-430 x {magnification) (¢ millimeter
objective) with phase contrast
flluminstion (20 CFR 1910.1001(s}). Aler
reviewing the relevent evidence made
avsilable sinca the 1978 proposal. OSHA
finds that phase contrast microscopy is

s feasible and effective method for

determine complisnce with the
permissible exposure levels set by the
Emergency Temporsry Standard.

The most important issue ruised by
comments 1o the 1973 notice is whather
phase contrest microscapy soslysis is
capabie of rellably messuring sirborne
concantrations of 0.8 fibers/ce and lesa.
OSHA sckaowiedges that asbestos
sirborme measurement procedurss using
phase contrast microscopy. as with any
industrial hygiene analyticsl procedurs.
inbereritly contains seversl erree
sources. These ervors have been
statistically evaluated by Leidel st ol
(Ex. 84-42). and. in 1378, by the Alr
Monitoring Committee of the Asbastos
information Association/North America,

this
question {Ex. 86-319). In the Leidel et ol
and the ALA svalustiona, the errer,
measured as s weflicient of veriation
{CV). was found to be related 0 the
number of perticles countad from the
filrer. For 100 fibers counted Leidel. ot al.
{ound a CV of 012 whereas the AIA
report found & CV of 0.33 ! or errore
ussociated with interlaboresory-
intrafilter variability. -

Basec upon these studies. aken ot
their {ace valua. it sppears that the
phase contrast microscope analysis is
capable of rees roliable
measurements ot 0.5 ot As stated
n the AJA report (Ex. 85-00R. p. AB-1),
“The calculated resuits indicate that the

"I\-A:An-uhu.mum'-ab'
wrornil

nep.” Tome som varabiluy of susagpl
a-flectrm” awhﬂnhmh-
masoure of he wis dTevanme ‘8 <ir Loware trovtens
from wne 9ontas 19 the arnt sod may A28 e 8
nesnvre of madem veriashility. A cume ¢ il
h.nlu*mwbpwumd
« snoa pl - v ) dust
SENrrRt OB 16 ANET-IaT) 10 rimmate cith renrre B
«ith NTu: €230 1P L3P ate e (vam ane hvalem 19
-1 e

- variability

93% confidencs limits on s measured 8-
howr TWA can be relstively constant
with a wide. but usable. range down o
concentrations oppnwhnuo.sﬂbaulcc
[less than) SML.* .

The AlA report shows g higher erree
than dogs the Leidel et el report. One

reason for this difference may

that the AlA report sssessed the
hmummuudnym
being made today by the many
laboratories who are making the
measurements. For example. only 27 of
muummwumu
PAT program snd no
muv-.-m-.mum-l
npoﬂhdudndulnm&mbcol
laboratories operated by johne

. Mansville Company, that probably used

very similar procedures and conducted
In late 1982 Chatfield prepared o
report entitied “Mc. yuremant of
Asbestos Fibre Concentrstions in
Workplace " for the Roysl
Commission on Matters of Heslth and
Safaty Arising from the Use of Asbestoe
in Ontarie (Ex. $4=319). Chatfleld
snalyzed intrs-and interlaboratory
varisbility and errived st conclusions
somewhat similar to thoss of AIA and
Laidel Chatfield also recommended
maethods by wiich the sccurecy and

OSHA notes that the suthorities cited
shave basigve that it myb-pocuhllh

sdding requirements 10 the standard. It
does 20t apoeer. however, that
{mprovements of this nature can be’
quickly made in the immediate (ormat of
this ETS. Tharefors. based on the
evicencs before i1 at the time of
mouance of this emergency standard.
OSHA bellaves that it is genarally cot
possible to messure asbestos
concentrations below 0.5 {/ce reliably
end reproducibly using phase coatrast
microscopy undar current laboratory
practices. OSHA [finds the! the phase
contrast microscopy mwthod can be
feasibly used l0 measurs ssbestos air
concentrations down to 0.3 (/ec.

8. Economic Feasibility
The industry costs based on the
program elements described in Table 16
sre presented in Table 17. For the ETS.
the costs of asbestos training are Cos
ts

included with respirator
for are aot incl
since. for the purposes of the ETS. these
signs could be hand-made st very low
costs. OSHA did not analyze costs
associsted with the alternate benelits
scenario (See Table ¢} since that
sconaric was coastructed to show s
lower range of benefits but does not
teprasent an estimate of current industry
practice.

The costs are overstated to the extent
that some firms already have 2 current
respirstor and to the extent
that careful cnllauoa of exisling
engineering controls end work practices -
would reduce concantrations to the PEL
n some firms and thereby make
respirstor use unnecessery.
Furthermore, the costs assums that dust
masks and filters will have (o be
replaced -vczl-hont day. Soms of this
cost (Le.. the disposable respirutors.
:l.l:l'ud ldﬂllahgnﬂ‘;: ¢m::‘d) can

act spresad over the period during
which the ETS is in effect.

Finally. the costs assigned to the
Ship Repeir snd Construction-
Desmolé slion segments
represent cost which reflect incressed
complisnce with current obligations (e.g.
incressed respirator use to meel the

- cusreat standard as & resuit of the ETS

training requirements) and are ~ot

- dhcuymribnubhlethcm

Nota-OSHA
spur many employes who previoualy were
oaTin compliance to expend the necessary
ree0urcss m order 10 C3me Mo cLmpliance
wich the ETS.. .

The total cost is estimated &
$35.585.402 for 6 months. This transiates
{nto an averags cost per empioyes of
$708. Avezage § month costs per wotkar
presented on sa (ndustr; basis ia Table
1° range from §231 iz the sutomotive
aflermarket segment ‘0 3373 in the
cunstrection segment. These costs ere
not & largs pertion of industry shuprents
as presentiad in Table 18 Moreover,
firms in theee industries will be able to
pass the costs forwasd because asbesios
substitutes in most industnes are not
mdh svailable. For all these

finds hut he ETS is
mimlly "cunblc.

GLLNG COUE ASv-00-
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Tenle 1)

tstisatem Costs of Respirator Pregrem
' for €15 wita PEL of 0.9

Tetai Cases (§) a8, averege
- lasusery Secmat dogeer, - somap  Cost/esplorey
Primery Ramefacturing . 00.98 4,142 ° 4!
Seconsery Faaricaters 13,547,22¢ 9,433,502 e
Autamstive Aftermartet 1,020,197 1,027,000 b1y}
htpout letag/repatn - 628,288 R¢,52 o :
Construction M. R0.760 19,634,206 } 14
Tetal $8,528,412 34,565,402 108
) Table 18
€TS Compliance Costs Cuar'n
¢ to Sales oy Industry Segment
w
laguttry Segmant CostsSeles -—
- ()
Prisary manufacturing .003 <
A/C Pipe & Shest .002 Py
Frictia Matertals -008 o
- Asoestas Paper . .003 z
. Paiats, Coatings ane Sealamts .00% <=
. Gaskets, Segls me Pacnings - .00V -_
Teasiles °* 0ie c
Secandary fabricaters 01,
Camant Shasts Qe
Pager Presucts .01 .
Packings ane Gaskats . 010
Texttias K11
Avtamative Aftermeruet
~ Mesuilding ane Rafacing 0008
ighu! i ag/daparr .0001¢
Canstruction . 0004

wte: Seles valves are for 1977 ane 1970, 4alues for Prisary
Raufacturing and Secomsary Fabricaters wars taken frem $4-00);
valus for the Autamative Aftermertet were taen from V.§.

Ingustrial Oytiess, ‘ﬂf nd values for Shighuildiny/Resate
o -wre tames frem the |¥‘£ Statistical Abstract. The
stracling

velue for Camstruction was ajus y e value for
Nighuay & Strests and Restdential e seeing tae valw for
Oamslition/ureck iny.
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VIl. Cavironmental Impect.
Requirements of Executive Order 12201,
and the Regulatory Flexibility At
The National Eavironmental Policy
Act lNﬂ’Al of W; (:.S.C. 4321 at seq.)
the guidelines (40
CFR Pert 190} of the Council oa

edersl agencies sssess their
regulatory actions to determine if there
is a potential {or a significant impect on
the quality of the humen environment
and. if necessary. to prepare a8
environmental impact ntatement.
in sccardance with these

requirem.ents and DOL NEPA
regulations (29 CFR Part 11 {Subpart B,
11.10 (a) (4)]) OSHA had determined
that because of the emergency nsture of
this standard. no environmental impact
sialement will be perpared for the ETS.
The courts have held that NEPA does
not require sdvance preparsiion of aa
environmental impact statement for en
OSHA ETS (Dry Color Menufocturing
Assocation v. US mnent of Labor
mru 94 107 (3rd Clr. 1973)). OSHA

will sssess. . the environmaental
effects of the mpend permanant
regulation of asbestos. The results of
this study will be available for review
snd comment prioe to the hearings on
permanent standard and

promulgation of e rule on asbetos.
Pursuant to the authority of Sectica

not m«td by ihe Regulatory
Flexibility Act berause the OSHIA Act
provides that ET8's be issued without
regard ‘0 nctice. public commen: end

10 revise the permanent
usbestos standard. Lowever is subiect 1o
the requirements of the Regulatory
Flenibulity Act and OSHA will evaluale

emplnycrs must be able o comply with

the standard in & shon period of time.

OSHA has set & laval which 15 likely 10

be schieved immediately. using

cquipment snd control lechniques that
available.

the proposal 10 ascertein whether
rnl under the Regulatory Flewbility
Act is required.

%MMWOI&

existing asbestos MW:H.MM mwwm'n‘:tdmb
essential and (essible to m-ul[xhnlm.hﬂn
protect employess from the grave more rigorous use «w-m
mﬂfﬂdghﬂm‘“'m congols, work practices end ,
OSHA N’M hm :w«m-mm.n:;m
with section 8(b) of the Act. The msjor 10, their efforts (o implement these

changes in the standerd made by the mathods in order to assure that. for the

m“‘mm“"mm‘u‘ long term. the most comprehensive and
exposure levek: (2) methods of effective program of protection from
permitted to achieve the asbestos exposure will be

new levek and (3) & requirement for the
establishment

Becessi uding th ssbestos exposures less than 0.8 {/cc
g&t&:ﬁgﬁnm should be open for discussion during s
sdditions! provisions to trigger certain  uemaking bearing. rether than imposed
requiremants ot the reduced permissible m”‘r“‘mmmm'ﬂw
level of 0.8 f/cc. adopted the 01 {/cc lavel petitioned by

L. (kN1) Scope. As partof D unions but insteed is consdering
oa the scope of the The standard thet mey improve the .
peragraph is intended 1o make clear that  "tiiability of both sampling end anslysie
the smergency standard applies to all in the &(b) rulemaking for the permanent
workpisces where empioyees may be standard end thus silow lower levais to
exposed 0 asbestos ia ail industries be reilably messured.
covered by the current asbestas 3. Paragraph (kN3) Methods of
sndard /e, genarsl industry, compliance. The ETS adds & new

and paregraph (k)3). which permits

mem rmissible
Ihnﬁfnn!hcmllfls

to the 0.5 f/cc limit by any feasible
ls adding paragraph (k2] which ac limit by

mm.dldnln-ldhhlydu" combination of engineering

ct on an 8 hour lime weighted aversge | WOtk practices and respirstory
basis. This reduced isvel may be protection. The current requirement in
schisved by eny fessible combination m(c)ﬂ)lﬂdlc)ﬂi to first
enginsering controls. work prectices and  3tilzs engineering controls and work

respire protection in order 1o allow prectices to Teduce expcsurs levels to
-.bv‘:n,nmm.um y 20 {/cc remaina unaffected by this ETS.

messutes to reduce eraployee sxposures Flexibility ta choosing scmpliance

1109G001S .

immedistaiy. strategies foc the pariod of an ETS hes
- QOBHA choss 0.5 f/cc as the been incorporuted ta most other
mbh exposwse level primarily previously issusd nundordu.
ﬂbdm-thum The policy reflects ‘s
employes exposures to 0.8 {/cc in all muuhclﬁm
inchestrias will greatly reduce the rish of  ;standards that are truly sesponsive to
esbestos induced cancers, “pz' and which efford
primarily cancer. mesothelioms and  immedistaly available protection to
- m‘a\nuuhm uﬂmdwwinm Employee
scussion oR “grave - 4 4)
“hienefits”, the numbar. m-uOSHA .afammadmun.‘l\om;dds

hndtcﬁudnmwu nqdrlq&nmhnr'nmdon
{/cc is substantial.
OSHA also baliaves that the 08 f/cc
level is agpropriste for several other
reasons. First. because an emergency
siandard must be feasible. and

Inlhvuuymsuedtlm‘n o paragraph 1o the asbestos standard (

raining progrum withia 30 days of )
pldﬂl:lt‘ﬂoﬂh'lﬂtwl{ludud ;\
fce st employees whose exposures are
reasonably expected 10 exceed the PEL l
do#llamm_w!h‘md/
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n:mnmudhmlhmdlnd multipies of the raduced PEL of .S f/cc.  Authority snd Signstuse

mpiluyees perticipute in the ruther than multiples of the previous 2 {/
und are informed of speci alm cc perminsible limit. Foe example. mmamm:n' m“"ap;"d“;:d“
of information. OSHA considers thie -iproved alr purifying respirators may .50 00 Secretary of Laboe for
m-nh&:fnwuﬂe) the Act. 0 concentrationsare not expected (o - } Depertment of Labar, 300 Constitution
reduce the grave danger feced by mﬂlcm:hmlelmlh Avense, NW. W, * OC o210,
ushesios exposed The ETS. beceuse the PEL was 2 f/cc. such / PAarsusst g Sections nd
absence of s treining respirstors could be used where dnbo"\a.am ":%"'
requirement (n the stundued ssbestos concentrations would not have m amended by in ph (k)
has been pointed out as one of the exceeded 20 f/cc (10 % the PEL of 2{/cc).  Amended b7 odding o new paregre
serious deficiencies of the curremt Similarly, powered afr pu “
stundurd. OSI A believes that respirstors may be weed where mmleueludmuu.na

purticipstion in e adequate concentrations do 8ot exceed 100 times ) 3¢ $1at 1361 1308 1388, 1008 29 US.C 838
pmnnimuml lhtm::t?md the PEL. which ot the new level of 0.8 f/ [} 357 308 167, Pub. L 01-04. & Stl. 96 (40

employees mosl protective ocis 30 f/cc . employers Ul .u“:u“.ﬁ-“x:&m,“” o
provisions enlist the employes as sa cuuld have used such tors at Signad ot Washingtea, D.C.. his 2nd duy o
uctive participant. !’ormph.mg \ concentrations up to 200 f/cc. November 1988 Y
m llhﬂdylhnlummd'lh Thome G. Aushier,
effective work WWn- nduadl’ll.oummmdada\vulhc
training in thess work ~ {ia op.uthu ond industries whete Assiaiant Socretary of Lober.
practices. employes woeld be ! exposure levels are between S f/cc and  pART 1910—{AMENDED]
inadequate. Where mﬂlvﬂ mllc:!’ommw W
more passive role ia his protection such jt could uee half-mask air Section 1810.1001 of Purt 1910 of Tiley
8 where engineering controls are relied puﬁfyh;mphmmtbqnmb- 29 of the Code of Federal Regulationgla,
on. lraining is aiso essential. becaues by & powered alr purifying hereby smanded by sdding & new
Wmmmiﬂur.: mmwowmﬁmm paragraph (k) reading as fallows: g
warkplace asbesios contamina or woe & supplied -
lhchuhhhm“c'lubumm m::t:.' 190100 Asbestes. . — =)
in order to assess his own exposure . Poragraph (k, ).Wcrmqa RS P
situation and to belp recognizs when dum.,u..mrlg ’:u (k) Emergency tamporery standord..._
enginsaring controls are not opersting legible signs of the effective November ¢, 1983.—(1) Sco
properly. Cartainly where housekeoping  hagerds of asbertos be displayed st This emergancy temporsry standard
plays sn important role in cootrel. locations where sirborne concentrationa  issued purssant to section &(c} of the
instrection sbout housekseping of asbestos fibers exceed the reduced  Act 8ad appiies 0 all workplaces where
mathods. for example, freques exposure limit of 0.8 f/cc. No specific employees ma rhm-dm-bmo-
is essentisl Perhaps most legend is required cigns for newly i oll industries covered by ths
importanly. where employes prutection  ogied during the ETS. OSHA wishesto  (ncleding uucymuwm
depends respirstor use. OSt mal'h as practicable as possible the end maritime. Except to the extent
experience shows that iraining rapid posting of signs. ially in modified by this emergency lemporsry
the effectiveness of respirator whare asbestos conceatrations were '(2]P¢miuibhbnhof¢xpo¢
protection. Accordingly this formerty below the 2.0 f/cc PEL. - The 8-hour time-weighted average
applies where airborne concentrstions sirborne concentration of ssbestos
are reasonubly expected 10 excied 0.8 ff X1 Public Participetion fibers to which any employee may be
cc. even if employess use respirators to Interested persons are invited to . exposed shall not exceed one-half {
reducs bresthing zone concentrations submil written data. views and fiber, longer thaa § micrometers, per
and Lhereby comply with the KTS. arguments with respect 10 the revisions  Cubic centimeter of sir. as determin
Mtﬂ'ﬂhhmm&lh io the asbestos standard made by the by the method prescribed in paragraph
:mployer must inferm the employss of\.  ETS. These comments must be . {e) of tkis section.
the health offects of ashestos exposwre .  postmarked om or before jancary 3. 1984 (3} Methods of compliance with the

mmmmmz | end sent to the Docket Oflicer. Docket emergency temparary standard.
' Ne.

smoking in producing lung cancer: A H-033C. Occupational Safety & wwmmmu
operulions c:r-- \MGMMMU.\W ol this section. compliance with
asbestos fbers _Lm of Labor. 200 Constitution Avenue. NW.  reduced Mdulleuhnb
sicps Lo minimize exposure: the purpuse. / Room S-4212. Washington, D.C. 20710, e by aay feasible
proper use. filting instructions and The data. views and arguments that combination of engineering controls.
limitations of respirators, and the ure submitted will be sveilable for pwkmudmdmtem
mlmwmdh public inspection and copying st the = equipment and devices.
Aslestos st 1910100, sbove sddress. All timely ‘wrilten (4) Employee information and
S. Puragraph (kXS] Respiratory submissions will be made & part of the troining. —{i) As soon ee posaible. but
mcahaquth:.l{! &'}\ record of the procesding. uh-:um(mdcnhmuhe
o new puragraph (L )(S) w effective dets emergsncy
includes g table which ties respira List of Subjects ia 20 CFR Part 1920 - temporary standard, the employer shall
wrlixtion to the 0.8 {/ce PFL. Under t Occuputional safety and health. institute u truining mforall -
F.IS the concent=ation cut-ofls fue h) Aslnston, [lealts, Emergency tempurary  employees to sirbome
vanous ainds of respiraton are sturéard. Cancer. concertrations of asbestos in exreas of
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03 f/ce. withowt o the wse of

respirators u: e assure l:dr

perticipstion uring

eflective period of this emergency
standard

(i) The employer shall assure that
;d-émhwdlh
A) The hesith effects associsted with

(E) A review of all the provisions
contained In 19103000

(3) Respiratory protection during the
ETS. Notwithsisnding any other
requirement of this section. where .
respirators are used 0 achisve the
permissible sxpooure limit of 6.8 {/cc
they shall be selecied sccording te
Table 1. :

- (8) Waming signs during the £TS. Ia
sddition to the requirements of

paragraph (g){1)] of this section. legible
signs waming of the health hazards of
asbesios shall be provided and

displayed at cuch location where
sirborne concentrations of asbestos
fibers may exceed 0.5 {/cc.

TASLL

Respiratory Pretection

For Atroerne Concontrotions of Assestss ,

Airsorns Concantration

of_Asoestes (TwA)

ot 1a encess of § f/cc
{10 5 PEL)

Mot ia ascess of $0 ¢/cc
V100 X PEL) .

Sreater than %) f/cc

Q’mm lnlnnuri

Reussdle or single use ot
purtfyrag respirator

Full fecepiecs ate
purifying respirator, or &
powered air purifying res-
pirater

A type “C® contimyous (law
or pressure demsnd,
wpplies v respirator.

! Respirators specified for Rign concentrations may de usesd &t
Iguer concantrations of asbestos. -

(Secs. &b}, 8(c). &c) sad Kg). Pub. L 91-880
84 Stat 1383 1300, 1590, 100X 29 U.S.C. 658,
€57: Sec. 107. Pub. L. 91-84. &1 Stal. 98 (40

~
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US.C 3331 20 CFR Part 1M1, Secretery of
Labor's Order Ne. $-83 (48 FR 33738))
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