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DEPARTMENT OF LABOR

Occupational Safety and Health
. .dministration

29 CFR Part 1910
[Docket Ro. H-0330)

Occupationa! Exposure to Asbestos

AGENCY: Occupation Safety and Heelth
Administration (OSHA}, Labor.

ACTION: Emergency temporary standard.

BUMMARY: OSHA is issuing an
emergency lemporary standard [ETS) to
reduce the permissible exposure limit
{PEL) fer asbestos from 2 fibers (longer
than § micromelers) per cubic
centimeter (2 f/cc) as &n eight-hour time-
weighted average. 10 0.5 {/ce. During the
period of the emergency standard,
employers may use all practicable
control methods, suck as engineering
controls. work practizes and perscnal
protective equipment to meet the new
limit of 0.5 fibers per cubic centimeter
{6.5 {/cc). Training progrems are also
requirec to be instit.ted witkin 30 days.

The basis for this ETS is OSHA's
determination that contirued ermployee
exposure to asbestos under current
cenditions that exceed 0.5 ! 'ce presents
@ grave danger of developing asbes!os.
induced cancer and achesivsis to
exposed emplevees. and that an
emergency standard is necessary to
protect them. The ETS serves also as &
proposz! to revise the current ashestos
standa-d pursuant to section 6(b} and
6{c} of the Act.

This notice also requests comments
on the appropriateness of including the
provisions of the ETS as permanent
revisions to the ashestas siandard. In
gddition, OSHA will soon pcblish a
separate rotice of proposed rulemaking
that further explains the issces under
consicderaticn for the permanent
standard and which raises some
additional issues regarding the
application of certain provisions of the
asbestos standard to the construction
industry. That notice will invite public
comments and will schedyle a
rulemaking hearing pursuant to Section
6(b) of the Act concerning the proposed
permanent revision to the asbesios
standard.

DATES: The effective date for this ETS is
November 4, 1983. Comments and
evidence concerning the proposed
revisions to the permanent standard
made by the ETS must be received on or
before Jenuary 3. 1884. As noted, OSHA
will publish a notice of proposed
rulemaking shortly that will set due
dates for submissions to the asbestos
docket for the issues raised therein.

ADORESSES: Writlen comments should
be submitted 1o the Dochet Officer,
Dacket No. H-032C, Room S—6212. Us.
Department of Labor, Third Stree! and
Constitution Avenue. N.W., Washington.,
D.C. 20210,

FOR FURTHER INFORMATION CONTACT:
James F. Foster, Director, Office of
Information and Consumer Affairs,
OSHA. U.S. Department of Lubor. Room
N-3637, 200 Constitution Avenue, NW,
Washington. DC 20210, Telephone (202)
523-8151.

SUPPLEMENTARY INFORMATION:

Table of Contents

I Introducton
Il Legal Autherty and Bachg:iund
NI OSI{A Ratime'e fur the ETS
A Greve Darger
B Need for an ETS
Sopperting Dezimeriotion:
IV. Oceuprtic=e! Hezlth Dala
V. Quanttative Rish Analysis
V1 Technical 2-2 Economic Feesibility
A Technical Feasibility
B Eccnomic Feasibility
VI Environmestal Impact. Reglleton

Flextiln . 2nd Regulatory Analysis
VI S.mmary end Explenacion of the E1§

IX Pullie Paricipetion. Autherity and
Slguetute &nd Part 1win {Amended)

I. Introduction

This is &= emergency temporary
standerd [ETS) issued pursuant to
section 6!c) of the Occupaticnal Sefety
and Health Act of 1970 [the Act) [84
Stat. 1596 29 U.5.C. 655). the
Constructior Safety Act (Pub. L. 91-54;
40 U.S.C. 333]. the Longshoremen's and
Harbor Workers Compensation Act (33
L.5.C. 241). the Secretary of Labor's
Order No. 8-£3 (48 FR 35736). and 28-
CPR Part 1511. This emergency standard
consists of revisions to the existing
standzrd covering occupstional
€xposure tc asbestos, 20 CFR 1910.1001,
in orcer to pritect employees from a
grave canger from continued exposure
lo asbestos at current exposure levels.

OSHA has determined that workers
exposed 1o eshestos under exposure
conditions existing under the current
#landard face a grave danger of :
developing incurable cancer and
asbestosis. Further. OSHA has found
that an immediate reduction in exposure
levels 10 0.5 {/cc or below is necessary
to protect such employees from this
grave danger. Therefore QOSHA is
issuing this ETS 1o compel reduced
exposures 10 respond to this emergency
situation.

OSHA's determination that a grave
danger currently exists is predicated
upon quantiietive risk estimates in this
record which point to a large number of
excess deaths from cancer (and

asbestosis) ameng curr - ‘s exposed
workers which are attr:i . Lble to
coninued exposures s - present
work:ng conditions, OS!i4 estimated
the number of cancer di a1>s avoided
through lowering of the exyosure to 0.5
f/cc. based on 6 months, 1-year, 20-vear
and 45-year periods of exposures af
current levels.’ The predicted cuncer
deaths avoided that result from these
periods of exposure are respectively 210.
426. 5725 and 7815. A more detailed
discussion of these es!:mates is found in
the sections. Quantita‘ive Rigk Analvsis
{Section V), Grave Darge: {Section ]
A} and Need for an ETS (Section HI BE)
Risns of this magritude al permitted and
actuc! expusice levels defned &
situclion which demanded immediate
regulatory action. Evaluation of the
relevant scient:fic data, palicy
considerctions end expesare patlerns of
worhers has convinced OSHA that
costinued exposure at the current PEL
end under actual workplace canditions
corstitules a “grave danger” to
erplcyees. und that an ETS is needed 10 -
pretect them,

The ETS requires that emzlovees may
not be exposed to concentrations of
asbestos exceeding 0.5 {'cc wn an 8-hour
time-weighed average bes's. and
Ferinits the employer to chocse amung
EngIneering controls, work practices and
respirators to reduce exposures to the
new PEL. However, the requirement in
§ 1910.1001(c) to utilize feasible
engineering controls and work practices
1o reduce expesure levels to 2 f/cc
remains in effect under this temporary
stendard. The ETS also requires
employers to institule a training program
within thirly davs of the effective dale
of this emergency standard. The training
progam will include instruction en
respirator fitting and wse, handling of
asbestos, medical information. the
relaticnship between smoking and lung
cancer, and e review of the asbestos
standard. The ETS applies 1o &l
industries covered by the Act. including
“general industry”, construction and
maritime industries.

* OSHA is awere. of cuurse, that Sectiun 8ic} of
the Azt limite the effective time of an ETS to 8
munths and OSHA concludes that & gruve danger
exin!s and an ETS i» necesrary even if OSHA
focuses eaclusive'y on this six month period.
Howeser. the Agency believes it is sppropriate to
calculote benents denving from an ETS uning
Lifetsme rieka from 20 and 45 years of eapesure 1o
the PEL of 0.5 {/cc established by the ETS Although
the ETS expires within 8 months. Sectior, 8ic)
tequ:res that rulermahing on a permanent standsrd
also be compleied within 8 morthe. so thel there
will be no gup in proteciion fo: exposed employees
In OSHA's expenence and judgment, cocplying
with this statutory directive snd completing
rulemaking for & permanent standurd within 8
mor:ihs of an ETS hes and can be dope
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As provided in 290 CFR 1953.22. the 24
States with their own OSHA-spproved
cccupational safety and health plans are
expected to adopt 8 comparable
standard within 30 days of this
publication dale. These States are.
Alaska, Arizona. California, Connecticut
{for Siate and local government
employees only). Hawaii, Indiana. lowa,
Kentucky, Maryland, Michigan.
Minnesata, Nevada, New Mexico. North
Carolina, Oregon. Puerto Rico, South
Carolina. Tennessee, Utah. Vermont,
Virginia. Virgin Islunds, Washington,
and Wyoming.

Also. in response to the emergency
conditions faced by exposed workers.
OSHA is stepping up its enforcement
activities in largeting workplaces where
asbestos is handied.

The temporary provisions that are
being added 1o the existing asbestos
standard prescribes the major
components of an occupational safety
and health standard. In general. most of
the current requirements remain
unaffected by the emergency temporary
standard. How ever. compliance with
some requirements will be triggered by
the new exposure limit of 0.5 f/cc
instead of the former PEL of 2 {fcc. For
example. requirements such as charge
rooms remain unaffected by the ETS
and the trigger leve! for change rooms
remains the former PEL of 2 f/cc
(§ 1910.10011d}{4)). However. the ETS
requires that where concentrations may
exceed the new PEL. the employer must
pos! signs indicating such locations
{§ 1910.10011k)(6)).

OSHA based its decisions concerning
appropriate provisions for the ETS on jts
determinations of the kind and dez-ee of
pratective action needed lo proteri
against 3 grave durper and the
feasibility of instituting these prosisions
during the period of the ETS.

Under section 6;b) of the Act. OSHA
will shartly schedule an informal
rulemaking hearing on the proposed
permanent changes 1o the standard.
OSHA will also propase other revisions
to the asbestos standard that will be
explained in the separale nolice of
proposed rulemaking. Application of
certain provisions of the asbestos
standard to the construction industry
will be raised at that time. OSHA
anticipates that this notice will be
published shortly. OSHA is now
accepling wrilten comments on those
issues raised in the ETS which are
relevant to revising the permanent rule,
The Secretary must promulgate a
gection 6{b) standard no later than six
months after publication of the
emergency standard.

. Lega! Authority and Background
A. Legal Authority

Section 8(c] of the Act provides for
immediately effective emergrncey
temporary standards in certain
circumstances. The Secretary has the
suthority to issue such a standard.
withoul rulemaking. “if he determines
(A) that employees are exposed to grave
danger from exposur: to substances or
agenis determined tc be toxic or
physically harmful or from new hazards,
and (B} that such emergency standard is
necessary to prolect employees from
such danger.” 29 US.C. 655(c)(1). Thus.
the danger must be “from"” worker
exposure and it must be “grave.” not
merely significant and the regu'ation
must be "necessan” to address “such
danger,” not mere!y reasonably
necessary or appropriate to provide safe
employment. In addition, &s in section
6(b) permanent standards. OSHA may
impose requirements in the emergency
standard only to the extent that they are
“feasible” within the meaning of section
6(b}({5) of Lhe Act. )

The Fifth Circuit has emphasized the
ircportance of the severity of health
effects in OSHA's corsideration of
whelher an ETS is appropriate:

* * * the danger of incurahle. permanent,
or fatal Lursequences to workers. as opposed
10 easily cureble and fecting effvcts on their
Lealth. becomes impurtant in the
consideration of the necessity o) eriergeny
meesures 1o mee! a grave danger.” Flonice
Pecch Crowerss Assadioron. Ine v, Urited
States Depsrtmen! of Lohiar, 4898 F.2d 142
{CAS).

OSHA also kas interpreted relevan
judicial decisions to require that its
evaluation of the grevity of the dar.ger
anrd the necessity for emergency action
mus! be m=de in the ronteat of actual
workplace conditians.

8 Eoclground

1. Bveats Lecdng 'c the ETS In June.
1983. OSHA received a petition for an
ETE from the Internutional Association
of Mathinists and Aerospace Workers
(Exs. B4-244). Subsequently Jetters
supporting this petition were received
from 1t other unions (Ex. 84~254 lo 83— -
294, 84-387 1o B4-391). The petition
requested an ETS to reduce the PEL 1o
0.1 1/cc. to modify some existing work
practice requirements. and lo require
other profective provisions rega-dless of
expasure level. The main reesons sel
forth in the petition and supporting
letters are that contirued exposure
under curtent workplace conditions
constitules a grave danger and that
delaying remedial action until a
permanen! standard is promulgated

-wouid cost large numbers of currently-

exposed workers their lives. OSHA
shares the genuine concern expressed
by the petition and letters from unions
representing thousands of employees
who ate directly fuced with the threat of

- asbestos-related disease from continued

exposure. And OSHA concludes that
failure to issue this ETS may cost a

In August 1983, OSHA completed a
mprehensive risk assessment base
n numercus human studies which
stimated the number of excess death
rom the three major asbestos-relgted
ancers. i.e., lung cancer, mesothelioma
nd gastrointestinal cancer. at the
N1 permissible exposure level of 2
f/cc and at various reduced exposurs
levels. OSHA placed this document.
"Quantitative Risk Assessment for
Asbestos-Related Cancers™. in the
Asbes*os dockel in August 1983 (Ex. 34~
348). OSHA subsequently revised this
document {See Ex. 84-392).

2. History of the Asbestos Siandard.
OSHA has regulated asbestas since
1971 A 12 {/cc limit for asbestos was
included in the initial promulgation of
OSHA standards pursuant to saction
6(a) of the Act, on May 29. 1971 (36 FR
10456G). In response lo 3 petition by the
Industrial Unjon Department of the
AFL-CIO. OSHA issued an ETS on
asbesios on December 7. 1971, which
estaliished a PEL of 5 f/cc on a time-
weighted average basis and peak
exposures of 10 f/cc.

The current standard, promulgated in
June 1972. first established an 8-hour
time-weighted average PEL of 5 f/cc and
a ceiling limit of 10 f/cc. The limits were
intended primarily to protect employees
ggainst asbes'osis. and it was hoped
that they would provide some incidental
dugree of protection against cancer.
Eifective Julv 1976, the TWA Emit was
reduced by the standard to 2 f/cc. This
limit hus remained in effect since that
t:me, The standard also includes
provisinns covering methods of
compliance. monilcring. medical
sunecillance and housekeeping.

Court review of this standard upheld
all major provisions, but remended two
itsues for OSHA's reconsideration. 1D
v. Hodgson, 499 F. 2d 467 (CADC 1974).
These issues were whether the [uly 1876
date for the 2 f/cc standard should be
azcelerated for some industries éna the
ucequacy of the 3 year retention period
for exposure monitoring records.
Subsequently. OSHA increased this
refention period lo 20 vears (41 FR
11504) and the acceleration issue
became moot.

After reviewing the then availulie
scientific data. in October 1975 OSHA
published a notice of proposed
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rulemaking to revise the asbestos
slendard because OSHA beiieved that
“suffirient medical and scientific
eviden.e had been accumulated to
warrant the designation of asbestos as a
human carcinogen™ and that advances
in monitoring and protective technology
made reexamination of the standard
“desirable.” This proposal would have
reduced the time-weighted average to
0.5 f/cc and imposed a ceiling limit of 5
f/cc for 15 minutes {40 FR 47652).

The basis for the 1975 proposal's
reduced permissible level of 0.5 f/cc was
QS5HA's then current policy for
carcinogens that no safe threshold level
was demonstrable and, therefore. the
ar.t required OSHA to set the PEL as

w as technologically and economically
feasible. This policy was rejected by the
Suvpreme Court in the benzene decision
[JU'Dvs AP 448 U.S. 601 [1980)). OSHA
limited the proposed revisions in the :
1975 notice 1o all industries except
construction. No hearing wes scheduled
on the 1975 proposal. Also. eithough
OSHA announced its intention to
develor a separzie proposed revision
applica-le to the construction industry.
ra suck proposal has beer publhished to
date.

OSHA is basing its present decision to
izsve =7 ETS. and to propose revisions
to the permanent standard covering all
emplcyees. on informaticn end analyses
which pestdete the 1973 propossl.
Therefsre. this ETS marks a new
regulatery initiative, related to. but not
part of the 1975 proceecing On NMay 24,
198583. OSHA constited the Construction
Advisory Committee for Occupational
Szfety and Health (CACOSH])
concerning aepplicability of a new
asbestos standard Jor the construction
industry CACOSH endorecd OSHA's
position that changes in the PEL made
for genrral industry should slso apply to
the cozsiruction industn. OSHA is also
including the comments anc data
received in response to the 1975 notice
in the record of this proceeding. with the
understanding that some commenters
may have changed their positions based
on intervening scientific developments
and policy shifts.

* In the decision to issue an ETS, the
Agency has reviewed this regulatory
history of asbestos. However. the
Agency bases the decision to issue an
ETS on the actual emergency conditions
which now conlront expesed workers,
on epidemiologic studies that provide
data to mahe numerical estimates of
rishs and on interpretations of these
stadies using quantitative risk analysis.

3. The Rulemeking to Revise the
Permanent Standard. The 6'b)
rulemaking initiated by this proposal is
intended to be limited lo the revisions

made by the ETS and the additional
propesed amendments raised in the
notice of proposed rulemaking to be
published scon. The major suhjects of
the 6{b) rulemaking will be: reducing the
permissible exposure limit. revising the
definitions of asbestos and asbesios
fibers. reassessing the methods of
compliance to achieve such limits,
revising the provisions regarding
respirator selection, revising the
sampling and analytical method to
improve reliability, and edding
training requirement. OSHA will also
raise issues regarding the application of
the permanent standard 1o the
construction industry. As previously
stated. OSHA will soon publish a
separate notice of propesed rulemaking
to further explain these issues.

[11. OS1A's Rationale for the ETS

-

-onditions involving worker exposure tp

irhorne asbestos dust justify the
ramulgatior of an emergency
temporary standard. OSHA estimaltes
that appronimetely 373.000 workers are
exposed 10 asbestos at various levels
{Table 1). ranging from & high velue of
20 f/cc to below 0.5 {/cc. OSHA has
estimeted ihat under current exposcre
conditions asbestos-exposed workers
face an extraordinarily high rish of
contracting ashestos-related cancer
whether the risk is computed over a2
working lifetime of exposure or for
exposure periods as short 2t € months.
The avercge excess cancer risks for all
workers cxposed sbove 0.5 f/cc using
availabic expousure data and relving on
the risk assessment are es'imzted as
approximziely 196 excess cancer deaths
per 100G wot hers for 45 yeers of
exposure. 139 deaths per 3070 werkers
for 20 vecrs. 10 per 1000 workers for 1
vear. and € per 1000 worke:s for 6
menths of expasure.

OSHA believes that rishs of these
magnitudes. taking into account al}
relevant considerations such as lotel
numbers of workers a! risk and guality
of supporting data. constitute an
emergency situztion which reguires
immediate response by the agency.

* The Act states that when certain
statutory critena are met. OSHA is
authorized 1c respond lo an emergency
siluation by issuing an ETS. The two-
pronged statulory test for an ETS is that

- {1) employees mus! Le exposedto a

grave denger from exposure 1o
substances or agents determined to be
toxic or pryvsicially harmful. and that (2}
an emergency standard is necessary to
protect er-plovees from such dangers.
Afler evaluating all the evidence
available 10 the sgency concerning the
severity and magnitude of the risk of

ashestos-related disease to the cusrent
asbestos-exposed working populetion.
comparing these risks to other
occupational rishs. applyving releyant
policy considerations. and reviewing &'
relevant judicial decisions for guidenre.
the agency has determined that beth
prongs of the statutory tes! are met and
that en ETS should be promulgated.

For purposes of clarity, the discussicn
is divided into two parts. "Grave
Danger” and "The Need for an ETS.”
OSHA believes. hawever. that the
factors which indicate that a substance
constitutes a grave danger are rela:ec o
and overlap those which determine th.a
an ETS is necessany.

A. Greve Dunger

OSHA has determined that the rsh tn
workers from exposures tu ashesios at
conditions that exist in the workplace
pese a grave danger of desth from
cancer and of severe disability from the
lung disease. asbestosis. In making a
“grave danger” determination. the
severity of the disease produced by
exposure to the regulated substance and
the magnitude of the predicted risks of
discase must be considered. In add-tivn.
the Supreme Court has suggesied that &
determination of “grave denger”
indicates a situation where the risk is
mole than "significant” (LD v. AP
szpron 45)

OSHA has applied that analytic
approsch endorsed by the Supreme
Court for “significant risk™
determinations in evaluating the gravity
of the danger faced by asbestos-exposed
worhkers. The Supreme Court gave some
gencral guidance as to the process to be
fullowed. It recognized that while the
Ayency must support its finding thel a
certuin Jevel of risk exists with
substuntial evidence it also recogmized
that its determination that a parhcsiar
level of ritk is “significant” will be
bzsed largely on policy considerations
{IUD~. API 448 U S. §55. 656. n. 62).

OSHA believes, therefore. that its
determinations regarding the megnitude
of the risk faced by emplovees shouid.
to the extent possible. rely on
quantitative expressions of that risk.
vtilizing the best available data.

The Court stated that the significant
risk determination required by the OSH
Act is "not a mathematical straitjachet”
and "OSHA is not required to support
its finding that 8 significant risk exists
with anvthing approaching scientilic
ceriainty. **' A reviewing courl [is] to
give OSHA some leeway where its
find:ngs must be made on the frontiers
of scientific knowledge land that] **~
the Agency is free 10 use conservative
assumplions in interpreting the data

—~
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with respect 1o carcinogens. risking
error on the side of overprotection
rather than underprotection” {488 US at
€53, 656).

In the case of esestos, the data
available are of unusual breadth and
high quality. However, because risk
assessment itseil involves many
uncertainties, OSHA made certain
assumptions in its analysis and
evaluation of these data. In assessing
the risk for asbestos-exposed workers,
OSHA has attempled to use realistic
assumptions, although the court stated
that the Agency was free 10 use
“conservative assumplions” in
interpreting data. OSHA. in many cases.
has indicated where different
assumpiions may produce d:fferent
resulis, In additizn OSHA cavtions that
because the risk figures finally derived
are the products of a process which, as
the Supreme Court acknowledged. is "on
the frontiers of science.” they should be
viewed ac approaimations of the degree
of rish faced by asbestos-enposed
workers and not as precise fiaed
predictions of the number of workers
who will actually develop disease.

OSHA has evalyated the kinds of
dengers presented by ashestos
expasure. lhe quantification of those
cangers under present asbesios
exposyre conditicns. the quality of the
data on which rish estimates are based,
a comperison of z:bestos risks to other
occupational risks. and relevent policy
and lega! considerctions in concluding
thet workers are exposed 10 & grave
denger from asbestos.

1. Noture of the Disecses. As stated
above. the nature of the disease
associated with exposure to a toxic
substance is one of the most important
elements OSHA svalustes in
determining wheiker a grave danger
exists. This factor was discussed in
Florida Pecch Growrers Association. Inc.
v United Slates Department of Labor,
supra. The court. in overruling OSHA's
crg4nophesphate pesticide ETS.
obscerved:

—

Ve reiect dny sugzestion thst deaths must
occur Yefere haglth and sefety standards may
be udopted. Nevertheless. the danger of
nciiable, perr.anert. or fotol conssguences
to worksrs, 0; cppossd to masily curoble ond
Flecing rtfects on their health. becomes
impsitant in the cers ‘deration of the
necessity for eme ey measi:res 1o meet @
&g denger 48 F 2nd 81132 (emphasis

..added)

E5HA is aware of no insiances in
wkhich expesure 1o a loxic substance has
nre clearly demonstrated detrimental

health effects on humans than has
asbesios exposure. The diseases caused
by asbestos exposures are in large part
life-threatening or disabling. Among

these diseases are lung cance:. cancer of
the mesothelial hning of the plevra and
peritoneum. and asbestosis. in addition.
workers exposed to ashestos are at
incressed nish of gastruiniesunal cancer.
8s shown by epidemiologic studies.
Although colo-rectal cancer may be
curable if detected in an early slage,
other gastrointestinal cancers are
usually fatal. OSHA also believes that
asbestos might induce cancers at other
sites, which are &lso often fatal.

" Of these, lung cancer constitutes the
greates: health risk for American
asbestos workers and has accounted for
more than half of excess mortality in
some occupational cohorts. Aboutl 90%
of lurg cancer patients die within 5
vears of dizgnosis. Mesohelicma s an
incurable cancer which is usually fatal
wilhin s year alter d:agnosis. It is
epideriinlegically linked o ashestos
exposure. and accurs very rasely, if at
all in persons never expused (o
ashbestus. Asbestosis, a type of
pulionary fibresis. is usually non-
reversitle. its advanced stages are
diszbling and can be {atal. OSHA
concludes tha! &ll these diseuses are
very sericus. and that the excess
mortalty from such szvere diseases
mus! be considered an important factor
for making a grave danger
determiration.

2. Degree 6f Rish of D eloping
Dangercur Disecse. OSHA based its
calculations of exten: of risk fazed by
workers under current exposure
conditions primarily on the resulis of a
quantitative analvsis which derived
numerical estimates of cancer risk at
various cumulative exposures
correspond:ng to levels at which
workers are exposed (Ex. 84-362).

TAlhthough 2 f/cc is the current PEL fui
gsbestos exposure. aclual pxpesure
conditions vary widely. mostly by
industry segment. As explained l2ter in
this document and as set forth in Table
1, average ambien! exposure levels in
various industries include high exposure
levels such as 20 f/cc in drywall
removal. renovation end demolition; §
f/cc in shipbuilding and rerair mid-
range exposure levels such as 2 f/cc in
secondary fabricating of cement sheet,
packing and gaskets and paper products
and rebuilding and refacing brakes: 1.5
f/cc for dry processing of textiies; and
lower exposure levels such 8s 0.5 f/cc
and 0.2 f/cc in the manufacture of floor
tile.

Because OSHA is required 1o consider
the actue! danger faced by workers in
assessing whether exposure 1o a
subslance presents a “"grave danger”,
OSHA looked at the rish of developing
disease not only a! the 2 f/ce
permissible level but at all exposure

levels which workers current!y face.
Most of the results of these caleulstior s
for cancer are presenited in Table 11 in
the rish assessmient section of this
docunient.

The table sets forth predicted excess
lifetime cancer risks for exposures of
one year. 20 years and 45 vears. Risks
for exposures of 6 months are closely
approximated by one-half the risks for
exposures of one year. Although averagz
exposures in demolition and renovation
are estimated at 20 f/cc. the table ,
presents risks only for selected exposure
levels up to 10 {/cc.

These calculations show that the rishs
of asbesios-related disease are
alarmirzly high at current secupetiona!
exposire levels. For example. an
estima’ed total cancer risk of 265 encess
deaths per 1000 workers exists for
workers exposed for a 45-year lifetime
81 10 {,cc. a level which currently exists _
on soime construction siie%ﬁe
exposure levels which are considere
aterage i shipb Tlding and repair. the

- tisk of developing asbestasrelaled
“cancer Tor'a 45-year exposure period is

149 excess deaths per 1000 workers. At
the current permuazitié lexeT ol 2 f/cc
which also represents actuz! exposure
levels in euch industries as secondary
fabricating of cement sheet. packing
g#skets and paper products and
rebuilding amd refacing brakas. risk is
estimated as 64 excess cancer deaths
per 1000 workers for a 43-year exposure
FeTiad, T e

T ThEse risks remein very high when
the period of exposure for which
calculations are done is shuricned to 20
years, which OSHA believes is anuther
appropriate point for examination. The
period of 20 years is the appreovimate
midpoint between 1 year and 45 years of
exposure; eiso many workers receive 20
years of expoeuré. Counternart risk
calculations using a 20-year exposurs
period are: for workers exposed 1o 16 {/
€c. 140 excess cancer deaths per 1000
workers: for exposures to § f/cc. 105 I/<__
excess cancer deaths per 1000 warkers

and for exposures 1o 2 {/cc. 44 excess
cancer deaths per 1000 workers.

OSHA also estimated risks of
developing cancer for a one vear pericd
of exposure at various levels to which
employees are exposed. The counterpen
risks for exposures 10 10 f/cc for one
year are: 15 excess cancer deaths per
1000 workers: to 5 f/ce. 7 excess cancer
deaths per 1000 workers and 10 2 {/cc. 3
excess cancer deaths per 1000 workers.

Even ! current workplace exposure
levels which are less than the current
PEL. ex‘raordinatily high risks of
disease exist. A10.5 {/cc, 17 excess
cancer deaths per 1000 workers are
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predicted for @ 43-year lifetime
€xposure. and 11 excess cances deaths
per 100C workers for a 20-vear eaposure
petiod.

OSHA notes that the sbove
calculations are for cancer risk only. In
addition, asbestos-exposed workers fuce
@ high risk of developing asbestosis. a
disabling and often fatal disease.
Predictions concerning the estimated
magnitude of the asbestosis risk have
been performed by OSHA and are
discussed in the rish assessmen! section
of this document. Accordingly. OSHA
estimates that at 2 f/cc. 50 workers per
1000 exposed to asbestos for 45 years

—workerr et 000 will develns disabin

wid deveiop disabling asbestosis. A1 0.5
fTecTor §5yearsTh1s eev =260 that 12

£TBesICs s ASLesiosis 1ishs can alsc b
esiimated Tor exposures for durstions
shorter than 45 vears. For example, the

risk of cisabling asbestesis from
e»posure to 1.0 f/cc for 22.5 vears is 12
cases per 1000 workers. OSHA's
estimates of the magnitude of the
ashestosis risk are based on sound data
fram good epidemiological studies,
OSHA believes. kowever. that the
confidence which can be pleced in
predictions of ashestos's risk is not as

g cat as for the predicticns of cancer
risk. This is bacause the cancer rick
estimeles are based on a Jurger and
more varied data b: se and are derived
from dose-ex'rapolatios models that are
better established. Because OSHA has
determined that the riske for cancer
slone indicate a grave danger, the
additional risks of develuping ashestosis
are nof necessary o justify this ETS.
However. OSHA has considered that
the additional and independent risk of
Ceveluping aslesiosis increases the
danger faced by expnsed workers and
:nderscores the gravity cf the health
threats 1o employ ees posed by ashestos,

3. Quality of Dcta on Which Risk
Estin:gtes are Bosed. The underlying
data upan which the quantitative risk
essessments for asbestos are based are
high quality epidemiologic studies,
conducted in sccupational
environments. OSHA emphasizes that
the date bases for asbestos are of
unusual quality and size. Unlike most
potential occupational carcinogens.
asbestos has been studied often and
thoroughly for evaluation of its effects
on occupational populations.

In deriving these quar:itative
estimates for cancer risk. OSHA utilized
eieven studies for the calculation of the
lung cancer risk. four of which were also
used to calculate the mesothelioma risk.
Investigations involved “cohort” studies
where the frequencies of various types

[y T S S T

ashestos were cumpared 10 those in
“control” groups not expnsed to
asbestos ¢ to those cf grrnesel
populations such as 'S males. Stud.es
of such design are able to provide direct
estimates of excess risk.

The studies used by OSHA in deriving

dose-respor.se relationships for its risk
assessment covered a varieny of work
situations and industrial processes. This
variety improves the predictive value of
the risk essessment because it lessens
or eliminates the possibilin thet the
results were unique to any one
occupsiional situation or were in fact
aberrational. The occupaticnal settings
studied were: workers expnzed at a
chrysatile textile plant figr 1030-1975
{Dement et ¢/ Exs. 83136 72 84-037);
Canadian workess at an es-esios
cemer! faciity {Finkelsteir, Ex, B4-240):
Italizn chrysotile miners and mitlers
who worked during 1930-1955 [Rubino
et ol Ex. B4-88): workers i an asbestos
cement pipe plant {Weill e: ¢! Ex. B4+
206): worhkess in an asbestos production
plant and atbestos cerment ;ipe factory
{Hendersor and Enterlire Ex 84—48):
British workers manufaciusing ashestos
textile prodicts (Peto Ex. 84-158);
&sbestos miners and millers it Quebec,
Canada (Liddell ef o/, Ex. -39} and in
the Thetford Mines, Canadz 'Nicholson
e/ ¢! Ex. 8472} and workers
manufacturirg ashestos friction
malerials (Berry and Newhcuse Ex. 84~
21).

“Well-conducted epider:zlogic
studies that show a positive essociation
between an agent and a diszase are
accepted as the most convincing
evidence ahou! human risk™ (Risk
Assessrfent in the Federa! Covernment:
Manag ng the Process. National
Research Council. 1883. p 21, Ex. 54~
322),

No extrapolation from an.al data to
human data is necessary in order lo
show carcinogenicity of asbestos. For
mos! subslances, OSHA must infer
human health effects. such as
carcinogenicity, from anims) data.

The results of this risk assessment
performed by OSHA agree well with

other recent risk assessments performed -

by other governmental and cutside
scientists (vee Acheson and Gardner)
(Ex. B4-216 and 84-243); EPA [Ex. 84—
180): Kang and Chu (Ex. 84-001): Selikoff

et o/ [84-002): and CHAP [Ex. 84-256).

4. Comparative Analysis. Insight into

" the magnitude of the risk ascocisted

with asbestos exposure can be gained
by reviewing other occupational risks,
OSHA believes it is instructive to
compare esbhestos rishs with other
workplace hazards agregd on as

Lozard where the data are consizlered
tohevailable and relizble.

The rish of excess morahity pctimar, +
as e Tesull of exposure to asbestos at ire
conc hions in the workplace today
e2ppears 10 be substantially higher then
o:hes risks experienced by workers froz)
cceepational injury hazards. The
National Safety Council (NSC) has
reported the annua!l death rates in 1981
frem work accidents in a variely of
industries (Ex. 84-339). Using the NSC
Gata OSHA has reviewed the anrual
mortality from work accidents per 1000
wcrkers in several industries in light of
the excess cancer mortalily from a
sing'e year of exposure 1o asbestos per
170G workers. For example. in the high
risk ozcupations of agricu’ture and
miring-quarrying. the annual mortalit
retes from work accidents were 0.54 and
0.55 per 1000 workers respectively in
1881 (Ex. 84-339). In contrast, the dea‘h
rate from work accidents for all )
indusities combined was 0.12 per 1000
workers in 19681,

OSHA has estimated that the lifetime
r.sh for one year of exposure to 2 {/cc of
assestos is about 3 excess cancer dee'hs
per 1000 exposed workers during the
remainder of the workers’ lifetimes (Ex.
4-349) Thus, asbestos workers’ risk of
excess cancer mortality from a single
vear of exposure to 2 {/cc is roughly 5
tumes higher than the risk of accidenia!
occupational fatalities from one vear of
employment in agriculture and mining-
Guarrying.

As shownin Table 1, OSHA estimates
that many workers are exposed to
asbestas in the vicinity of 2 {/cc. In
addition. OSHA calculated the averags

"e\Cess Concer rish 1o WOrker's exposed

&! conditions that exist in the workpla.e
todey (for those above 0.5 f/cc and usi-g
the scenario described in Table 3).
OSHA estima'es that 10 excess cence:
deaths will occur per 1000 workers for 1
vear exposure: thus the average risk 1o
workers (exposed above 0.5 f/ce) in the

*. workplace today is approximatelv 20
 times the annual {atal accident rates in
' sgricullure and mining-quarrying..

These comparisons are striking. They
show that the estimated rish of dyving cf
cancer from asbestos exposure at leve's
exjsting at the workplace today far
exceeds the accidental death rate in the
riskiest of industries. Although the
estimated mortality rates for cancer due
to asbestos exposure are no! completels
compatable to the total actual
accidental fatalities, the review is
cleariy useful in showing that the

|
1

Rt

magnitude of the esbestos risk is gray‘e_‘/_h):
One example of predicted cancer risk

as & result of occupational exposure is


http://www.hkllp.com/mesothelioma-and-asbestos/
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occupalional exposure 1o ionizing
radiation. The estimaled excess cancer
fatality rate from 47 years of exposure to
the maximum permissible occupational
exposure 1o ionizing radiation (5 rems)
is 17 t0 29 per 1000 workers {Committee
on the Biological Effects of lonizing

Radiation (BEIR] Ill predictions, sec 48
FR 1902). However. most radiation
standards {unlike OSHA standards)
require tha! exposure limits be reduced
to the lowest level reasonably
achievable below the exposure limit {the
ALARA principle). Approximately 95
percent of radistion workers have
exposures Jess than one-tenth the
maximum permitted limit. The excess
cancer deaths at one-tenth the permitted
level are 1.7 to 2.9 per 1000 workers
exposed 47 years. Ashes!os exposures
of 45 years to 2 f/cc are predicted by
OSHA to result in 65 excess cancer
deaths per 1060 werkers beginning work
et age 25 (Ex. B4-382). OSHA's
calculation for the average excess
cancer risk to worker exposed at
cenditions that exist in the workplace
today (for those above 0.5 {/cc) for a 45-
year exposure, is 195 excess cancer
deaths per 1000 workers. This figure was
ceiculated by teking the number of
cancer deaths estimated from exposure
to existing conditinne for 45 years for
those workers exposad to greater than
0.5 f{/cc of asbestos and dividing by the
number of workers exposed to ashestos
greater than 0.5 {/cc (multiplied by
1000).

Therefore, the excess cancer risk al 2
{/ec for asbestos workers is estimated
as more than twice as high as the
maximum permitted radiation cancer
risk and about 25 times higher than the
estimaled cancer risk of 85 percent of
the worhers exposed to radiation. At
existing conditions. asbestos workers’
excess cancer risks are estimated to be
85 tim » higher than the cancer risk
faced by 95 percent of the workers
expose d 1o radiation. The risk of
ashest_sis further increases the
signifivance of the risk from asbestos
exposire.

A1 05 [/cc, OSHA estimates that 17
excess cancer deaths will occur in 1000
workei1s exposed 45 years. This risk is
approximately 7 times higher than the
cancer risk faced by 95 percent of the
workers exposed to radialion. OSHA
finds that these comparative risks
strongly support QSHA's finding that
workers exposed 10 air concentrations
above 05 f/cc are far above the point of
significant risk and are st grave danger
of dying from cancer.

5 Conclusion. O5HA's finding of
“grave danger” is based on evidentiary
and policy considerations. OSHA's

determination that the megnitude of the
estimated rish to exposed workers is
alarmingly high constitutes the major
component of the “grave danger”
finding The overall extraordinary
degree of risk, the extent that very high
risk is found in many asbestos using

industries, and the uriusually high
quality of the data utilized to make
these assessments presen! & very strong
evidentiary basis for 8 "grave danger”
finding. Just as importantly, the unique
gravity of asbestos-caused diseases, in
particular cancer, such as mesothelioma
which is linked almost exclusively 1o
asbestos exposure, strongly supports
OSHA's finding of grave danger, Also
OSHA's comparisan of the risk of
asbes‘os.related disease to other
industnal risks underzcores the
extracrdinarily high r.«k estimated for
asbesios exposure. OSHA has also
noted the concerns of werkers about
current workplace conditions and the
numercus petitions for an ETS from
unions representing many exposed
workers. Finally OSHA has relied on its
experience in evaluating and regulating
workplace hazards in recognizing the
extrac-dinary degree of risk currently
faced by asbestos workers and in
determining that such risk constitules a
grave danger to those workers.

B. Nesd foron ETS

OSHA has determined that this ETS is
necessary lo protect employees from
grave danger, the second prong of the
Act's test of OSHA's exercise of its ETS
autharity (Section B{c] of the Acl}). As
explained in detail, the effect of this ETS
is to save many lives which would
otherwise be lost 10 asbestos-related
disease if current working conditions
were not changed. OSHA believes that
employ ees can be adequaltely protected
against this grave danger only by issuing
an ETS. This is because no cther Agency
action and no other foreseeable event
would result in sufficiently reduced
esbestos exposures that would alleviate
the grave danger. Further, the provisions
of the ETS are tailored 10 effect the
necessary exposure reductions
expeditiously.

1. Lives Soved by Issuing an ETS.
OSHA has estimated the number of
deaths avoided as a resull of an ETS
which would reduce the PEL to 0.5 f/cc
{see Tables 2 and 3}. For cancer only,
based on continuing exposures under
currently existing conditions for 8
months. the potential number of lives
saved s estimated as approximately
210. Based on continuing exposures at
currently existing conditions for 1 year,
the polential number of lives saved is
estimated al approximately 426. Also,
OSHA has estimated that the

promulgztion of an ETS setting = 0.5 f/cc
PEL ma\ avoid 5725 cancer dee -
2ssum:rz 20 years exposure te c<heslos
of the corrent worklorce at cyss. -
condifiz=s and 7815 cancer de .ty

assumin; 43 years exposure.
OSHA 15 aware. of course. that

Ceetion B(c) of the Act limits the
effective time of an ETS to § months.
and OSHA concludes that a grave
danger exists and an ETS is necessary
even if OSHA focuses exclusive'y on
this six month period. However. the
Agency delieves it is appropr.a‘e 1o
calculate benefits deriving from an ETS
using lifetime risks from 20 and 435 vears
of expesure to the PEL of 0.5 f/cc
establiched by the ETS. Although the
ETS expires within 6 manths. Section
6ic) reglires that rulemaking on a
permaren! standard alsa be cormpleted
withir 6 mcrths. so that there will e no
g2p in protection for exposed
emplcyees. In OSHA's experience and
judgment. complying with this statutory
directive and completing rulemaking for
& permanent standard within 6 months
of an ETS has and can be done.

OSHA also believes, based on its
experience, that it is very likely that the
PEL estzblished after 6{b} rulemaking
will be no higher than 0.5 {/cc. the ETS
limit. Therefore. OSHA hbelieves that the
ETS will resu!t in a redurzd lifetime
worher exposures of 0.5 {‘cc or lower for
20 ar 45 years, and that the benefits
derived from these exposure reductions
for these lime periods are appropriately
atiributed to OSHA's promulgation of
this emergency stendard.

8. Emiployee Exposures. To derive
these estimates of numbers of lives
szved. OSHA depended on its
knowledge of the following factors: {1}
The employee exposure levels from the
ambient asbestos air concentrations in
the workplace: {2) the number of
workers exposed a! the various ashestos
levels: [3) the duration of the exposure:
and (4] the probability of the disease (or
the rish] associated with the cumulative
expasure

Empluyee exposure levels are
conventionally measured in terms of the
number of asbestos tibers that are 5
microns or more 1n iength in one cubic
centimeter ot air. 1/cc. In these terms. an
smbient conceniration may seem to be a
small amount of usbestas. However. in
physical terms, 2.0 {/cc equals 2.000.000
fibers per cubic meter (1/m3) Humans
inhale about one cubic meter of air per
hour, depending on degree of physical
activity. Thus. at this concentration. a
worker would inna.e roughly 16,000.000
fibers. 5 microns of nuawv 0 length, over
&n eight hour workaay.
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Note—Depending on the ;mdustnal
process, up o 784,000,000 additionil asbestos
fibers less than & microns in length may also
b irhaled, accuming tha! 9% of aidaorme
eshestos fibers are ey than § microns.

OSHA continues to use the term, ec.
for convenience but cuutions that the
numerical estimates of air
concentrations given in these teroes are
only one way of viewing asbestos
concentrations and should oot be
evaluated withou! interpreting the
mcaning of the units.

OSi{A used existing informution to
estimate worket asheslos exposure in
eich aflected industry. Dista sources
included povernment contracior reports
{Fx. 84-002 and Ex. B4-=00). varicus
studies reported in the literature, NIOSH
Health Huzard Fvaluations. and OSHA
complience data (Fx. 84-355). OSHA
teviewed the information, and decided
te use the 1880 Research Triangle
institute {RTi) report [Fa. 84-000] as the
primary basis for expesure estimates
because the RTT estimates appear to
OSHA 10 be the most comprehensive. In
addition. RT vsed 4 lurge number of
different data sowrces to make their
expasure estimates, including
interviews. existing dorumentation, and
industrial hvgirne surveys of worksites

Using the RTT repott us the Drimary
referenae, QSHA comipured RT) diata
with other exposure informution
m ailabie for each industny. For

example. specifiic reports were found for
asbestos cemunt manufacturing (Ex. 84—
248), textile marnfactaring (Ex 84-26i7),
remova! of spreved ashestos material
from buildings (Ex, 84+-262). and brnke

repair (Fas. 88-203, 84-286) The
Asbestos Information Association.
provided datu toncerning exposures
during fickd fabrication and mstallation
of ashestos cement pipe and sheel i
controlled corditions {Ex. 84-295}. The
Emironmental Sciences Laboratory (Ex.
B4-002) also made best estimales of
worker exposure in various industries
for 1075,

In addition. OSHA used its own field
inspection experience to estime'e
exposures. OSHA reviewed seiecled
cask fijes and shlcined infirmaton that
sttt OSHA o8l sius MewsweTonts
during compiiance inspections from 6/1/
7910 5/31/83 (Exs. 84-354, 63-335).

OSHA adjusted the RT] estimate as
appropriate. busced upon a qualitative
judgment as to which duta best
represent existing exposure conditions
OSHA's expas.re estimates are hased,
therefore. upsn a substantial dety base
and vpon ecnsiderable experience in
enforcing the existing ashestos
standard.

OSHA used e empleyer exposure
levels in cack indosiny to caloulate the
numtrer of dozths avoided by reducing
the expasure from currert levels to the

emergency PEL. Altor-ative exposarr
distributions used o sonsitivity
atysis will Le proticid in the
Pretminany Reeulit =y Inpact Anat e

OSHA believes ot the exposure
eeiimates are relatively good. gren B
state of the arl of worker exposure:
estimation techoiqu:s and dala
svailable today. OS 1A is not awure of
any other available current exposure
estimates.

Industrial hygiene reports of
operations in the same mdustry. but a!
different work sites. invariably report
different usbestos exposures amang the
workers. OSHA reviewed these repors
and made decisions regarding typical
industry practices. Fur same operations
such o5 brane reli=irg, severa! reperss
were avatlsbic with conplete
Juscriptions of the working environmer!
snd OSHA wus aliie 10 use these o
Make dircct exposure estimales. Other
reports, such as "Removal of Pre-formed
Asbestos Insulation” (Ex. 84-2906},
described carelul processes fur ashestus
kundling that did not appear
reptesentative of the methods used
thraughout industiry. since the repurted
air concentrations wore not consistent
w.th other reports showing higher
exposures (Exs. B4&306, B4-262).

Table 1 shows OS1LA's estimates of
employ e expusure (o ashestos by
industry segment
Bi MG CODE 4510-26—



Table | Tarie 1 (Cont o)

OSHA Estimate of [nplouyee Exposure t0 Asbestos

0%HA Estimate of Employee Exposure to Asbestos

Industry Number @ Number? Current
. Seqment of ixposed of Plants Laposure level
Industry Number® Number Current warkers f/ce .
Segment of txposed ui I"lanls-  Faposure Ty
wNorkers f/cc

Gaskets, Seals and Packings

Sheet formation, cutting 2y 26 0.2
Primary Manufacluring and packaning
Rest of plant 657 0.7%
Asbestos/Cement Pipe & Sheet 900 4 1.0
Paintings, Loatings and Sealants
Frictinn Materials 3617 N LI Mizing, conpounding 34 5 0.75
' and puckaying .
Floor Thle " Rest of plant 101 0.0
Keceiving, introductions 1187 14 0.% .
mixing Textiles-Wrl Process 175 Fy 0.75
Rest of plant 3549 0.2 -Dry Process 750 3 1.%
Asbestos Paper Secontlary Fabricators?
keceiving, introduction 4714 22 0.75
mixing A preparation Cement Sheets 4301 1076 2.0
Rest of plant 1421 0.2
Paper Prooucts 4301 1076 2.0
Packings and Gasketls 4301 1076 Z.0
Textiles 4301 1076 V.0
Automolive Aftermarket
Reburiding and kRefacing 4041 140 2.0
Brake Kepatlr
warayes and brake Lhops 176355 6RORI 0.15
Gasoline Stations 844961 77546 tess than 0.1
Slphas e ldiag anag Hepa et | RVrd m
T S Tdng T Jub [N
Shap Kepair 1214 5.0
Lgp_:.tr‘urliund
TinsleTiation of hew Materials
Asuestos Cement Pipe A58 | Lhat [T
Asbestos Cemenl Sheet 1765 127 .0
koofing Felis 249 750 . th

suoppinday pue sajny | €961 ' 12quiaroN ‘fepiig | 12 ON ‘8% "[OA / 1315133y [eiapay

£6018.
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USLA BsLimate ot Leployee Doposure 1o Aubestos
= ——— ety __-.‘....__..,.,.,v__.._ - - W - v =4 TEs mm e - s mmem kRS e hm———r e w memim =
Industry Hundipr 3 Humber 3 Current
Segnent of Frposed of Plants  Lapusure level
Wnrkere [FiINs

PSSR S e S —- ey

appair and Maintenance
irywatl removal, renovation, and demn LiLion®

(ML) 1796 .0
RHHUIN =07 0.¢
fiwepair and maintengnce 14145 (1Y n.1%
ynvolv g asbestos remuval
Mainienance workers in N/ A « H/A u.1s
schools, chemical plants
clectrical generaling
plants and foundries
TOTAL WORKLRS EXPOSED AGOVE 0.5 f/cc] 43,614
TOTAL LYPLLSL U WOKK LK 375,391

T PopulatTon and focilily eslimates wore TDased on The #I{ report
5[:. BA 00D ) andd updated Lo FHE3 employment leve s by JRL Assoraaten.

The number of plants In the LIC codes mak ing  up  Lecondar
fabricators (245§, 3J%7, 3523, 4431, and 1340 was derived by JhR
Associales by Laking the nusber uf cntablishmente with 20 or aure
eaployces, as hsted in the Leonomic Information Systems dale base tor
1983, and expanding Lhat number by Lhe percent of establishments with
fewer than 20 cmployees, as 1isted in {ountly Business Patterns. 1UeU.
Nut knuwing exaclly how Lhe 17,704 seconddary Tauvicalron {57) workers
and 4,3u4° SF plants were distribuled  anong the 4 types ot U
facilities, 0USHA assumed Lhat the workers ami plants were dastripuled
equally among the 4 types of SF lacilyties.
€ Ascumed thatl 20% of 3015 shipbuilding/repair workers are not in
compliance with current respirstur requirements,  Hence, Lhe nunber ot
wurkers was adjusted to reflect the 20% of expused workers.

Assumed average Firm employs Y-iy workers as 1y lrue of S1C 17
{construciion, special trade controctors}.
¢ pcsumed  that  ¢5% of 516U Jrywall  removal, Crenovation, o)
gemolition workurs are net in comp l1ance  wilh  current renpirator
requirements,  Hencw, Lhe punber of workers was adjusted lo reflect
the 25% of ewposed workers.

Th1s figure excludes senments thal arc in compliance with 0.4% TLL
such as floor Lile, brake repair, routing telts, anu ruepair and
maintenanie,

QILLING CODE 4510-2¢-C

351184
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Data from OSHA's Management
Information System (MIS) includes a list
of all asbestos samples reported by
OSHA field staff diving June 1, 1979 to
May 31,1983 (Ex. 8+353}. During this
period. 949 eight-hour time-weighted
average {TWA) samples were collected
in many different industries. Of the 949
samples, 731{77%} were below 0.5 {/cc
156 {16.4%) fell between 0.5 f/cc and 2.0
[{cc: and 62 (6.5%) were above 2 f/cc.
OSHA also reviewed the MIS summary
report where the measurement data
were grouped within Standard Industrial
Code (SIC) classifications (Ex. 84-354).
All these dala coniibuted to the
development of OSHA's best expasure
estimates.

In conclusion. O%HA has used its
experience in enferzing the existing
ashestos standard ta determine the best
estimates of worke: exposure in the
industries. On the whole, in compazrison
to other toxic substances present in the
workplace, asbestes exposure
information js wel reported. Given that
OSHA experience it considerable,
OSHA believes its estimates are
reasonabie and appropriate and provide
a satisfactory basis for judgments
regarding the exter! of risk existing in
workplaces.

OSHA achnow!ledges. however. that
the exposure infor=ation concerning
asbestos remova! a=d renovation i the
conistruction industty is less certain than
the other estimates. Despite
uncertainities in qualifying exposure in
the demolition/removal category, OSHA
feels that this bes! estimate is based
upon evidence tha! is both reasonable
and the best availzble. Furthermore.
OSHA believes thz: any changes made
1o the estimate as 2 result of the
uncertainities wnuid ot be of a
sufficient magnitude to warrant a
change in its basic findings.

2. Colculation of Lives Soved and
D.sease Avoided. The benefits provided
by this ETS consis! of cancer deaths and
disabling asbestosis avoided. The
estimates of deaths avoided by lowering
of the exposure limit by the emergency
temporary standard are based on the
mortality raies developed in the risk
assessment discuscion. To generate the
expected number of excess deaths
attribulable 1o asbestos in the U.S.
workforce. the expected rate of

mortality et each exposure level was
multipl.ied by the population exposed at
that Jevel. The expected mortality rate
from each exposure leve! was cesived
from OSHA's quantitative rish aralvsis
(Ex. 84-392). The expected number of
deaths at the reduced PEL was then
subtracted from the expected number of

deaths at the current worker exposure
levels 1o determine the estimated

number of deaths avoided by reducing

the permissible exposure limit. The
benefits are expressed in terms of

estimated deaths rather than disability

because the types of cancer associated

with ashestos exposure have a very
poor survival rate. ’

An example of such a calculation
follows. Tc calculate the lung cancer
deaths avoided during one vear of
exposure 1o a worker population in the
construction industry who are engaged
in the instellation of asbesios cement
sheet:

Population=1763 {Table 1)

Eslima‘ed Current Exposure Level =2.0
ficc [Table 1) )

Estimated lung cancer risk for one year

at 2 f/cc=1449/100.000 {Table 11)

1. Calculate expected deaths for
installers of A/C sheet having one year
of exposure at 2 f/cc exposure level:
Population x risk=espected deaths
{1765) (144,/100.000) = 2.54 or

approximaltely three deaths among

installers.

2. Calculate expected deaths for
installers of A/C sheel at PEL of 0.5/cc
for one year of exposure:

Estimated risk at 0.5 {/cc=136.1 per

100.000 (Table 17)

Population x risk = expected deaths

(1763} (36.1/100.000) = 0.64 or
approaimately one death among
installers

3. Calculate lung cancer deaths
averted or lives saved for A/C sheet
installers by reducing exposure to 0.5:
subtract expected deaths a1 0.5 §/cc
from those eapected at 2/f/cc
(2.54)-{0.64)=1.9 or approximately two

lives saved.

The estimated benefits derived from
exposure reductions to several PEL's
which OSHA is considering for & final
standard are presenied in Table 2,
These benefits represent the estimated

number of cancer deaths avoided from
those expected due to 20 years exposure
at the es:.mated current exposure levels
Bssuming worker exposure began at age
25. The benelits were calculated using a
base of 20 vears exposure because. as
stated earlier. 20 years is an estimate of
typical lifetime exposures for some
workers. Exposures of 6 months, one
year and 45 years duration are also used
to show the grave danger and the need
for the standard. based upon a 0.5 f/cc
PEL (see Table 3). ‘

For Table 2, OSHA bases its
respirator assumplions in the
construction industry and shipbuilding
industry on its enforcement experience,
on its familiarity with the industries.
trade unicns, and industrial hygienists.
and on available studies on this subject.
OSHA believes that these estimates
may overstate the degree of respirator
use. This would lead 10 undereslimation
of benefits of the ETS Jor the following
reason: The fewer workers in
complianze with the current
requirements for respirator use for
ambien! exposures exceeding 2 {/cc. the
greater the potential benefits from an
ETS mandating that workers be trained
regarding the significant risks from
asbestos exposure and the importance
of using respirators. Also. workers
currently using respirators will benefit
by further reductions from 2 f/cc to 0.5
f/cc. However. if tespirators mandated
by the ETS are not used properly or
corsistiently, then the number of cancer
deaths avoided is an overestimate,

Ta test the results OSHA also
calculated the benefits assuming that all
shipbuilding/repair and construction/
renovation/demolition operations
comply with the current standard. All of
the shipbuilding/repair workers would
thus be protected by respirators which
would reduce gxposures to 0.5 f/cc. The
construction worhers wouid have an
exposure of 2 f/cc. The benefits of
reducing the PEL to 0.5 f/cc would,
therefore be calculated as the difference
between expected deaths at 2 f/cc and
the expected deaths at 0.5 {/cc for &l
workers in these segments. Table 4
shows these benefit estimates.

BILLING CODE 4510-26-M



Table 2

Estimates of All Cancer Deaths Avolded at Three PELs

Assuming 20 Years of Exposure

Industry Segment PEL (F/cc).

0.5 0.2 0.}
imary Manufacturing - . 11, i72 200
condary Manufacturin- 471 586 624
tomotive Aftermarket 134 162 370
||pbu11dlnqluepalr' 29 39 1)
nstruct ton® 4974 5109 5175
Totals ' 5725 6068 6412

GSHA assumes that B80% of workers in the shipbullding/répalr
sctor are protected by air line respirators and only 20 percent may
» exposed to the estimated ambient alr level,

OSHA assumes that only 25% of construction workers may be
rposed to the estimated anbient air levels and these exposures are
wduced from 20 f/cc to 0.5 F/cc as a result of the ETS.

avle 13
ESTIMATES UF LANCER DEATHS AVOIDED
Based upon lifetime risk estimatas for

exposures s

[ndustry Sector =PEL of 0.5 f/ce

6 Months 1 Year 20 years 45 years

Pramary Manufacturing 2 8 nz 174
Secondary Manufacturing i7 I 4an 684
Automotive Aftermarket 4 8 134 194
Shipbutiding/Repatr? n ' 29 4
Construction © a7 378 As7a 6722
TOTALS 210 426 5725 1815

2 This table assumes exposures are relluced only to 0.5 f/cc. The
nunber of lives saved by promulgation of the ETS may be understated
in  that resgirators may reduce exposures below 0.5 1n  some
industrial situations. However, the number of lives saved may be
overstated if the resplrators are not fully protective, or are a0t
consisiently vused.

0 OSHA assumes that A0% of workers 1in the shipbuilding/repalr
sector are protected by air-line respirators and only 20% may be
exposed to the estimated ambient aiyr level.

COSHA assumes that only 25% of construction workars may be exposed
to the estimated ambient air ievels and these exposures are reduced
trom 20 ffcc to 0.5 f/cc a5 a result of the EVS.

MILLING CODE 4510-79-C
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Although the results in Table 4 show
fewer benefits OSHA beheves the

number of deaths svoided under this
scenario. BO for sin months. 162 ford

year, 2416 for 20 years, and 3513 for 45
years indicale a grave dergir and
necessitale this ETS actier,

Table 4

Carcer Deatns Avoided with 2 0.5 free ETS

Assuming Compliance with the 2 f/ce Standara

Industry Sector 6 menths 1 year 20 years 45 years
Prirary manufacturing 2 8 17 1724

Jecondary manufacturing 17 31 471 634

Automctive Aftermercet 4 8 134 164
Snipbuilding/Rezair® 0 0 0 0
Construction** _S7 115 1694 | 2461

TCTAL 8c 182 2416 3513

*CSHA assumes that the entire

industry sector complies with the 2

f/cc standard through use of controls or respirators capable of

reducing exposure to 0.5 f/cc.

**CSHA assumes that the renovation and demolition

industiry sectors

are protected to 2 fjcc by wuse of haif mask air purifying

respirators.

3. No Other Agency Action Is
Adegucte To Proiezt Employees Axcinst
This Grave Danger. QSHA, believes that
Congress intended that the ETS
authority may be exercised when OSHA
determines that a grave danger is
presented and when the provisions of
the ETS are crafied to be an
immediately effective means of
protecling employees against such
danger.

OSHA, however. has evalauted the
potential capability of other possible
actions to reduce the risk from asbestos
exposure. OSHA bas determined that no
other agency action shori of issuing this
ETS which compe!s an immediate four-
fold exposure reduction will sufficiently
protect employees against the grave
danger of develeping asbestos related

, disease. In making this determination

OSHA considered the usefulness of
stdpping up enforcement of the current
asbestos standard, and initiating & 6{b}
rulemaking proceeding to permanently
reduce exposure leve!s. These actions
will be discussed in turn. OSHA notes
that these actions are not mutually
exclusive, and in fact, OSHA is both
stepping up its enforcement activities
and embarking on & required &{b)
rulemaking as coordinated activities in
addition to issuing an ETS.

{a) OSHA first concludes that merely
increasing its enforcement of the current
ssbestos standard would not sufficiently
reduce the grave risk of asbestos-related
disease lo exposed workers. Even if
such increased enforcement resulted in
immediately uniform compliance with
the current 2 {/ce standard in all
industries, risks to asbestos-exposed

workers would remain unacceptably
high. As stated above, OSHA has
estimated that at 8 2 {/ce level
employees exposed over a working
[eume of 45 years are predicted to

have an excess risk of dying from cancer
of &4 in 1000 and of contracting disabling
asbestosis of 50 in 1000, employees
expesed over 20 years are predicted to
have excess cancer risk of 4 in 1000
and a disabling asbestosis risk of
approximately 22 in 1000. Even at
expasures Jasting one year, an estimated
3 employees out of 1000 are predicted to

dte of ashestos related cancer, snd there
is alsc additional risk of developing

asbestosis. Risks at the 2 {/cc level have
been acknowledged as unacceptable by
cther governments which have reduced

their permissible levels below 2 f/cc.

To estimate the number of lives at
stake if only the current standard were
immediately enforced instead of
compelling a 0.5 [/cc level through this
ETS, OSHA made other calculations
using certain assumptions about actual
compliance levels.

For this analysis. OSHA assumed that
all construction, renovation and
demolition operations comply with the
current standard so that workers in this
industry would have exposures of 2 {fcc.
The difference in the number of deaths
avoided by compliance with the 2 {/cc
standard compared with those avoided
from compliance with the 0.5 {/cc ETS is
stil! very high and shows that asbestos
exposure even 8t 2 f/ce represents a
grave danger to such exposed
employees. Teble 4 sets forth the results
of these calculations. Thus, for a 20 year
period of exposure, OSHA estimated
that merely ensuring compliance with
the current 2 f/cc limit may cosl 2416
emplovees their lives. For one year of
exposure, OSHA estimated that 162
employees may die if exposures are nol
reduced to 0.5 {/cc. assuming full
compliance with the current 2 f/cc limit.

OSHA believes that these benefits
{i.e. lives saved) represent the lower
bound of those that would result from
the ETS for two reasons. Half mask
respirators which may be used at air
concentrations of 20 f/cc to comply with
the current standard may nol effectively
reduce employee exposure below 2 ffcc
Further under the ETS, half mask
respirators may only be used in
workplaces where concentrations do not
exceed § {/cc. Employees in workplaces
between 5 and 20 {/cc must use more
protective respirators under the ETS;
hence, it is likely that their actuai
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e\posures may be reduced to below 0.8
f'ce and the benefits of the ETS will be
correspondingly increased. Further. an
F18 by nuture of the aetisn taelf, and

the accompanying enfurccment progren..

will undoubtedty boost the incentives to

“comply with all protective provisions of

the asbestos slandard.

(b} OSHA rejected relving on merely
beginning Section &{b) rulemaking
proceedinge to revise the standard to
recuce the PEL as an inadvguate
response to the grave danger faced by
sehestos-expnsed workers. Beginning
rulemaking procecdings results in no
immediate workpluce (hanges.
Erplevees would still continue to be
exposed to those conditions which
define a erave danger for at least the
penidency of the rulemabing 10 OSHA'S
experience. compieting B9} rulematings
nitinitated by an ETS corcerming
hazardous substances can tehe many
1eats. For exampie, the cohe oven
emirsion siandard took appronimately
3'= vears. the lead stancard. more than
6 vears and the cottnn dost standard.
more thar 4 vears. These periods do not
include any of the additiona! delayvs in
the ofierthve dutes of OSHA standsrds
tha! were due to judicielly impased
steve, which have resulied in delavs
lusting s=veral vears. Under the must
foverihie circumstances, however,
OSHA Letieves that it is possihle that »
section Bb) rulemaking imited to the
issnes raised herein might be completed
ir sprroximately one year. ahsent an
FTs

A shywn above, the eetimated rishe
of developing ashestosrelated cancer
- 10 expasure for one veor under
current canditions. are sull
extranrdinarily high The atditional
1k of developing ashestne’s due to
onds ver:'s exposure under current
cenditions. although quantfied with less
ceTtainty. are also more than significant.
OSHA alse believes that the risks of sin
maonths exposure, approximated by
tuking over hall of the onc year rishs
under current conditions. also are
unarxptably high. OSHA emphasizes
as stated above, that OSHA's
experience shows that without an ETS.
proceedings leading to a permancnt
health standard are unlikely to be
completed within a six month period.
The explanation of OSHA's capability
to procuce a standard within 8 months
of an ETS bes in the urgency generated
by OSHA's finding of a grave dunger.
the eaistence of a specific statutory
deadline to complete s rulemaking
within 6 months and the need 10 prevens

8 pap in protectine hetween the
expiration of t4 F15 and the imposition
of the permane:* +'z~dard for a
substance alre- =, 5 'ermined o presen!
B glave Cangi:.

OSHA also b ioves thal it is kelpful
to evaulale the extent of rish resulting
from lifetime exposare periods of 20 and
43 yeers in the absrnce of this ETS. As
shown in Tablct 10 and 11, these nshs
are extraordirariiy high,

4. Other Fortore Indicating o Neeg for
gn ETS. Althou:h worker exposure 10
asbestos has beur, declining over the
vears, OSHA Lelioves that exposure
conditions will cont.
dangerin the . ufe uniess an
emergency s'.nZatC s promulgated.
OSHA Lases *~ = fndingon its
eveluation of exposure information.
ashestos usc s'ut+ties. consideration of
the nature of ‘ndu=mial exposare todey.
and the degree of compliance with the
current stanl.rd.

Although OSHA anticipales & decline
in use of ashes s in products, this
declire will not meterially affect
asbestos use in the near future The
extensive ton FUL-tion regarding
ashestos and =2 swareness of healih
effects assrnziuted with esbestos
Jes strong inducements

exposure prosid
for producere end wsers of products 1o
s for ashestos. In

switch to sulst!
fect. esbestos consumption bes dechned
over the veams as shown:

u.% Consamption

Year Fattern (10U0 tons;
'3975 4 §5¢

1579 659

1477 Ly

i978 Gy

1979 561

1960 360

1961 MY

1982

248

Worker asbestos exposcres will
continue. however, for many years in
the future because substitutes for some
products do not appear immediately
available.

For other products. old replacement

nue to present grave

parts will be needed for many vears. Fo
example. gutomobile manulacturers may
switch to non-asbestos brukes and
clutch facing in new vehicles in the nead
several years. Old vehicles. containing
asbestos parts, will remain in use for
many years lhereafler. Pail, el al. found
over half of all multistery buildings
surveved (68 out of 127} contained
sprayed on asbestos maierial (Ex. B4~
262). The potential for asbestos
exposure exisis as long as asbestos
remains in these buildings. Renovation
work in the building such as relocating
walls and elecirical wiring will result in
continued exposure for carpenters.
painters, electricians, laborers. sheet
metal workers and others.

Therefore. OSHA does not bulieve
that major exposure level reductions are
&hout to vccur in the near future. The
trend towards reductiun in asbestos use
and asbestos expusure has beena slow
gradua) process with the exception
instances where the government
irtervened. For exampie in 1973 the EPA
banned use of spraved on insulation
containing more than 1 percent
asbestos. Without OSHA acting at this
time. OSHA predicts that the grave
danger conditions will persist. certainly
during the period required for OSHA'
issunance of a B{b] s'andard. and
probally for many vears thereafler

5. The Need for the Specific

vavisions of the ETS. The provisions of
the ETS require the emiployer to ute and
methud of control to reduce employer
exposure to 0.5 [/cc and to train werkers
concerning the hazards associated with
asbestos and procedures for reducing
the risk. These provisions must be
implemented immediately. OSHA
believes thev arc greatly needed to
alford employees meaningful protcciion
As the benefit section explained in
detail. compelling exposure reductions
thionigh an ETS will result in a4 grea!
nuraber of lives saved.

In sddition. as stated earlier QSHA
believes that its estimales of the degive
of compliance with respirator
requirements in the construction and
shipbuilding industry may oversiaic the
degree of present respirator use. Thus.
OSHA may be understating the benefits
to be derived from an ETS. and hence
the need for such an ETS lo be
promulgated. In addition. OSHA's
estimates of exposures in demolition
and renovation segments of the
construction industry are approximately
20 ffcc. Because under the ETS the PEL
is lowered t0 0.5 f/cc. the airborne
concentration at which more protective



(.

S

Federa! Register / Vol. 48, No. 215 [ Friday, November 4,
T ——————

(:

1883 { Rules and Regulations

51099

respirators [with a protection facior
exceeding 10) must be worn drops from
20 f/cc (10 times the former PEL of 2 ff
¢ ta5{/cc {16 times the new PEL of 0.5
Ifcc). Therefore OSHA believes that
mare workers will wear more protective
respirators under the ETS than under
the current permanent standard, that
their actual exposure levels will be
reduced to below 0.5 f/cc and
consequently that their risks will be

reduced even more than the caleulations
indicate. ‘

OSHA finds also that requiring &
training program to be instituted as
guickly as possible is one of the most
eflective methods of maximizing the
beneficial impact of the exposure
reduction and of 21] the protective
pravisions of the current standard. Thus.
the conteat of this ETS has been chasen
us the most eflective short-term strategy
to reduce asbestcs risks which wil] be
accepted and implemented.

6. Conclusion. OSHA finds that
warkers exposed to ashestos in the
werhplace at existing exposure
cend:tions need this emergency
femporary standard 1o protect them
from the grave danger presenled by
these conditions. OSHA finds that by
cempelliing a reduction in exposure 1o
0.5 f/cc for these emplovees presently
exposed over that level many lives will
be saved. Trairing imposed by the ETS
will erhance the risk reductions.
although quantification of that
additional reduction cannot be
czlculated. 0.5 {/cc is the lowes! feasible
leve! achievable through this emergency
action. where short-term implementation
of the controls is required.

Orly by issuing an ETS compelling
reductions in exposure levels belaw the
current permissible limit of 2 [fec can
OSHA brirg abou! adequate reductions
in risks. The administralive action of
stepping up enforcement of the current
standard is an inadequate response to
OSHA's finding thal current cunditions
present a grave danger.

OSHA does not believe that any
signilicant reduction will occur within
an acceptable time period without this
emergency standard action. OSHA has
observed 8 gradual reduction in
asbestos use. bul. in the Agency's
experience, significant and rapid
exposure reductions usually occur in
response to standards. The provisions of
the ETS will significantly reduce the risk
and reduce it quickly. Therefore OSHA
has determined that the ETS is
necessary to reduce the grave danger.

IV. Occupational Health Data
A. introduction

1. Asbeslos-reizted Diseoses.
Asbestos exposure can cause a number
of disabling snd fa!al diseases. Among
these diseases sre lung cancer. cancer of
the mesothelial lining of the pleura and
peritoneum. and asbestosis. It is also

likely that asbestos increases the risk of

gastrointestinal cancers. Of all the

diseases caused by asbestos, death from
lung cancer constitutes the grealest
health rish for American asbestos
workers. Lung carcer has been
respons:ble for over half of the excess
mortality from acbestos expasure in
some occupslional cohorts.

The re'ationship between lung cancer
angd asbestos exposure hzs been
esteblisted by numerous epidemiologic
studies of diverse groups. Asbestos-
induced lung cancer us.ally bas a
lztency petiod in excess of 20 years and
may be diagnosed a! an earlier age than
for non-expased persons (Craighead et
al., 1982 Ex. 84-033). Few cases of lung
cancer are curacle despite advances in
medica! and surgizal oncolagy. Only 95
of lung cancer pztients survive five or
maore years aller d.agnasis (American
Cancer Society. 1553; Ex. 84-160).
Asbestos exposure acts synergistically
with cigzretie smoke lo multiply the risk
of develcping lung cancer.

* Mesc:helioma zlso has been
conclusively shown to be associated
with asbeslos by many studies. In some
asbesios-exposed occupational groups,
10%-~183 of deaths have been
attributable 10 malignant
mesotheliomas. Malignant
mesotheliomas of the pleura and
peritoneum are extremely rare in
persons not exposed 1o achectos,
Generally, a latenzy period of at least 25
10 30 vesrs is required in order to
observe mesotheliormas in an
occupational cohort. Some victims of
mesotheliora have had a latency period
exceeding 40 years since their injtial
exposure o asbestos {Craighead et al.,
1982; Ex. 84-033). This form of cancer is
rarely curable and is usually fatal within
a year after diagnosis. There is no
evidence for a relationship between
cigarette smoking and mesothelioma
risk. s
| Asbeslos exposure can cause pleural
gnd/or other pulmonary disease. Pleural
plaques are one of the markers of
exposure and may develop within 10 to
20 years after the initial eaposure.
Plagues are opaque patches visible on
chest X.rays that cansist of dense
strands of collagen [cornective lissue
protein] lined by mesothelial cells. All
commercial types of asbestos induce
plaques. Plaques can occur even when

Nbrosis is absent and do not seem to
refllect the severny of pulmonary
parenchymal disease. Pleyral
calcification is also commanly found in
persons who have been exposed 10
asbestos (Craighead el al.. 1082 Ex. 84—
033).

Asbeslosis is pulmanary fibrasis ‘
caused by the accumulation of eshestos
fibers in the lurgs. Adverse eflecis of
asbeslosis range from shortness of
breath upon exertion to eyanosis.
effusions of seraus fluid, respirsiory
faitare, cardiac decompensation, and
death. Often, ashestasis is a progressive
disease, even in the absence of
cor:tinued expos.re. Symploms of
Jisease are shuriness of breath. cough.
fatigue, and vague feelings of sickness.
When the fibrosis worsens, shortness of
breath occurs even at rest. One clinical

feature ol early zsheslosis as wel, as
other hung diseases is end-inspirztory
crackles (rales). Diagnosis of asbestgsiq
is based upon the presence of
characleristic radiclogic changes.
symploms. rales. other clinical featyres
of fibrosing lung disease snd a history of
exposure to asbestos. Cigarette-smokirg
ashestos workers may have an
increased risk of asbestosis relative to
nan-smoking asbestcs workers.
(Craighead et al., 1982: Ex. 84-033).

Some epidemiologic siudies have
observed increases in esophageal.
stomach, colo-rectal. kidney. laryngeal.
pharyngeal. and buccal cavity cancers.
While the magnitude of increased
cancer risk for these sites is not 2s great
as for lung cancer and mesothelioma.
the increased risk is nevertheless of
considerable importance because of the
high background rates of some of these
tumars ir: the general population A 307
increase in a common cancer such as
colo-rectel cancer results in many more
deaths than a 50% increase in a rare
cancer. Colo-rectal cancer, if detected
and treated in an early localized stage.
has a five year survival rate of about
70% (American Cancer Society 1983; Ex.
B4-160). Surgical and medical treatment
is less successful for the other sites
listed above.

Adverse effects from exposure o
asbestos have been observed in workers
involved in asbestos cemenl pipes and
shingles manufacturing (Enterline et al..
1973a, 1973b; Weili et al., 1979;
Finkelstein, 1982, 1983) (Exhibits 84-122.
B84-123. 84-206. 84-044. 84-240). asbestos
mining and milling {\Wagret et al. 1960,
Liddell et al., 1977, McDonald et al..
1980 Hobbs et &1, 1980. Nicholson et al..
1979; Rubino et al., 1979) (Exhibits 2-21,
84-059, 84065, 84-132, 84-072. B4+-086),
asbestos textile manufacturing (Doll.
1955: Peto et al., 1980; Berry et al., 1979;
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Dement et al, 1883) (Exhibite 84-040. 84~
169. B4-020. 84-037). insulation work
{Selikofl et 8l.. 1979) (Exhibit 84-000).
shipbuiding (Seliboff et a]. 1879 Blot et
8l.. 1980. Tagnon et al.. 1980) (Exhibits
B4-091. 84-109. 84-182). and in & variety

of asbestos products mancfacturing
industries (Jones et &l.. 1980; Henderson
and Enterline. 1979; McDonald and
McDonald. 1978: Seidman et al., 1979:
Robinson et al.. 1978 Acheson et al..
1981) (Exhibits 84-138. 84-048, 84-154,
84-057_ 84-DB2, B4-103).

It should be noted that 2 fibers per
cubic centimeler, which is the current
OSHA standard, is equivalent to 2
million fibers per cubic meter of air.
Because humans breathe in 2about a
cubic meter of air every hour. depending
or. physical exertion. the current QSHA
PEL for asbestos alicws warhers to
inkale 2million asbestos fibers per hour
during an 8-hour work day. For the sake
of brevity. subsequent discussion in this
Ereambie will express exposure in terms
of fibiers per cubic centimeter {f/cc)
rather than fibers per cukic meter.

Note.—The current OSHA standard
irtludes asbestos fibers § micrometers of
r.oren ength. thereby escicd:ng shorter
f.lers. S nce up 1o 98% of e:rbarne mehesios
fhers ave shorter than 5 micrometers,
wothers may inhele up 1o 190 milhon
ertestee fihers per hour duning an B-howr
weoth giny. ‘

Since OSHA's publication of & notice
ol proposed rulemaking in 1975,
additional studies have conflirmed that
&suesles exposure cavses a high risk of
cancer. In addition. much more complete
deta on the nature of dose-response
relatinnships for ashestos-induced
diseases are now available. These
v*ud.es generaily indicele that the PEL
set by OSHA in 1972 is inadequate o
profect asbestos workers from either
lang disease or cancer.

The follewing agencies and
nrganizations have reviewed the health
cala for asbestos: International Agency
for Research on Cancer {1ARC) {1877,
Ex. 84-321}. Organization for Economic
Cooperation and Development {OECD)
(1979. Ex. 84-337), NIOSH (1978. 1980,
Exhibits B4-338 and 84-320). Advisory
Committee of the Health and Safety
Commission of the United Kingdem
(1979, Ex. 84-218), the Chronic Hazard
Advisory Panel on Asbesios (CHAP)
(1983. Ex. 84-256). and the U.S.
Environmental Protection Agency [1982.
Ex. 84-180). All of these groups have
concluded that there is a causal
relationship between esbestos exposyre
and’the development of eancer and non-
malignan! respiralory d:sease, NIOSH
recommended reduction of the PEL for
asbestos to 0.1 fibers per cubic

joint NIOSH/OSHA Astir:tac Work
Group stated that there was ro leve) of
exposute 10 asheetos be! w which
ciral effects ddnot e 0 end
reccmmended 8 PEL 0f 01 1% ers per
cubic centimeter (0.1 f/ce! based on the

limitations of current technclogies of
mcasuring 8ir concentra‘icas of
ashestos. The 1979 repo:t ¢f the
Advisory Commiltee of the Health and
Safety Commission of the United
Kingdom, hereafter referred 10 in this
section as the UK. Comm.:'1ee led to the
reduction of the British s:andard for
asbestos to 1{/cc for chnscule. 0.5/ cc
for amosite. and 0.2 f/cc for crocidalite.
Currently, it appeers tha' the United
Kirngdom may lower the PEL for
chrvsotile 10 0.5.

2. Evclugtion of Risk OSHA's first
siep in analvsis of risk of disease from
exposure 10 a potentially hezz-dous
agentis a qualitative eveluzton of
screntific data. This eveluztisn involves
reviewing human and experimental
stucies o consider such fac'ors as
cversll study design. me:hods of data
coilection. biologe plausitility of
findings, corsistencey of findings from
cifferent studies. tempora! correctness
of the association. and ¢ther feclors as
well as general scientific judzment.

Subsequently. after a ¢penific agent
Las been judged to be hezerdous. the
guantitalive EXpCSUTE-TEARGTSE
relationships between the 2gsnt and
disease can be investigated. The
available deta on air concentrations of
the substance or biclogica! indices of
expoesure, such as fiber cortents within
lungs, can be reviewed for cchorts of
workers demons'rated to have an
increesed risk of disezse. 1Y workers
with sncobserved excess rish of disease
Lave received cumulative exposures
permilted by the current QSHA
permissible exposure imit. then a
potential significant health rish from
exposure to the PEL has been
established. If the workers with
observed excess risk received
cumnulative exposures above those
permitted by the curren? PEL. then risk
from the current PEL may be estimated
from risk observed at higher levels by
using dose-response extrapolation
models.

The section. Epidemiologic Evidence
on Risk from Exposure ot the Current
PEL. will discuss the extent to which
excess risk has been observed from low
exposures to eshbestos. Section V.,
Quantitative Risk Anolysis. will discuss
the prediction of excess risk from low
asbestos exposures using dose-
extrapolation models based on studies
observing excess tisk in humans. OSHA
considers that both riska nbserved by

extrapolation models are valid
inZ.cators of the existence of sign fican:
heelth risks

Evar cure data freguently are not
ava.zble for workers exposed before
1870 Where historical exposure data
&re available. the data often have such
lir*ations as having been collected and
ara!vzed using industrial hygiene
tecknigues no longer in use or having
beex collected in only some areas of the
werksite or having been collected on
only a few occasions. Therefore. of
necessity, estimates of dose-response
basid on epidemiologic studies will
have a fairly broad range of uncertainty.
C>HA must examine the best available
Cz'z DR EXDISUTrE-TESPONSE 10 arrive al a
celermingtion of significance of rish.
despite inkerent and inevitable
umcerizinties i the data.

The curzent 8-hour time-weighted
average PEL fur asbestos of 2 fibers per
cubic centimeter (2 f/cc) envisages that
worhers will not receive a camulative
exposure exceeding 100 {/cc-yvears (=2
f’ce v 50 vears of occupational
evrosure). For asbestos. QSHA belicves
thet a number of studies suggest that
increzsed rish of lung cancer. ashestezis,
arZ mesothelioma have occurred from
cumulative exposures estimated as cloer
to or below 100 f/cc-years.

Note. —CSHA typically uses 45 veers as
the penicd of & full working life Lme for
purposes of qguantifving risk from exposcre to
toniz ggents. For asbestos many scientists
have psed 50 vears (¢ represent a full
working [ifetime. Thus. botk 45 years of
exposu-e und 30 ) ears of exposure are used
ir. ks document for the purpose of ana'vzing
dose-respense relationships for asbectos

In these studies, the cumulative
exposures resulted from expeosire e s
grealer than the current OSHA PEL of 2
f/cc for an 8-hour day. For example.
workers who accumulsied 100 {/ce-
years could have been exposed to an
average level of 5 {/cc for a period of 20
years. Section B.{3). below. discusses the
epidemiologic evidence for risk from low
exposures in more detail. OSHA
believes that & significant health risk
has been observed for cumulative
exposures that could be accumulated by
workers exposed to no more then the
present PEL of 2 fibers per cubic
centimeter {2 {/cc).

Estimates of cumulalive exposure are
approximations of total dose received
by @ worker during the period of
employment involving exposure to
asbesios. Cumnulative exposures
generally are estimated by multiplyirg
the varying intensities of exposare. such
as the 8-hour time-weighted averages.
bv the number of vear's exposed. Most
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carcinogenesis assume that the risk of
transformation of target cells to cancer
cells increases with increases in the
lotal dose. Exposures received after
such a transformation has tehen place
may aid the development of cancer, but
have not ceused the cancer. Thus, in
some instances. using total cumulative
exposure may overstate the exposures

{licient to produce increased cancer
risk. For this reason. some
epidemiologists omit the later years of
exposure to a carcinogen in analyses of
maortality in relation to cumulative
exposure. :

In addition to cumulative exposure,
intensity of exposure can be examined
in relation to disease. Intensity of
exposure is often approximated by 8-
hour time-weighted averages [TWA's).
The OSHA PEL of 2 fiters per cubic
centimeter {2 {/cc) as an B-hour TWA
has only been in effect since 1976. At
this time, it does not appear possible to
determine whether intensity of exposure
has an effect on disease risk separate
from that of cumulative exposure. This
is because the current OSHA PEL has
beer in eflect only since 1876, which is
an insufficient period to observe
asbestos-related diseases, which
characieristically have long latency
periods (in excess of 25 years). As
discussed in the seclion. Quaniitiot've
Rish Anclysis. it appears that duration
of exposure may have an independent
effect on mesathelioma risk.

The following sections analyvze recent
epidemiologic and experimental studies
and discuss important aspects of the
occupational health data concerning
asbestos.

converting mpef to [fcc has been
suggested as ranging from 1:1 10 1:5
depending on the industry studied by
the scientists (Kang and Chu, Ex. 84-1:
Hammad et al.. Ex. 84-277: McDonald.
Liddell. Gibbs. Evssen. and McDorald,
Ex. 84-065). For example, using
conversion {actorsof 1:1to 1.5 a
cumulative exposure of 20 mpc-years
could range from 20 f/cc-years to 100 {/
ce-years.

The British Occupationa! Hygiene

Society Committee on Asbestos
conducted a study of dust
concentrations measured by current
methods and historical methods (Ex. 84~
024). Conversion factors for Ristorieal
methods fo current methods were 1: 0.07.
1: 2.2, and 1:2. depending on the
historical method.

For asbestos mining snd milling. this
section will use the midpoint of the
rarge of corversion factors: 1 mpcf=3{/
cc. For asbes!os production and
asbestos cement production this secticn
will use Hammad et al.'s suggested
conversian {actor of 1:1.4 or mpcf to f/
cc.
2. En’demiologic Studies The
epidemiologic studies that OSHA
interpre!s as suggesting that significant
health risk has been observed at low
ashestos exposures fall into 3
categories: (1) Studies of heusehold
contacts of asbestos workers. (2] studies
of workers whose exposures were short-
term, and (3] studies of worke:s with
cumulative exposures eslimaled to be
close 1o or below 100 f/cc-years. This
section summarizes these studies and
presents OSHA's analysis of these
Btudies.

A number of studies have ohserved
mesgtheliomas and an increased
prevalence of chest X-ray abrormalities
among families of asbestos werkers
{Anderson et al., Exhibits 84016 and
84-017; Vianna and Polan. Ex. 84-186, Lj
et al., Ex. 84-148). In addition,
mesatheliomas have been observed in
community members living near
asbestos mines and factories (Wagner et
samples were taken rather than . al, Ex. 2-21; Newhouse and Thompson,
personal samples, and sampley were Ex. 84-070).
collected using thermal precipitalors or ,’ Anderson el al. (Ex. 84-015) observed
midge! impingers. These past industrial [ a 35.9 percent prevalence of chest X-ray
hygiere measurements were expressed abnormalities. including pleural
in miliions of particles p:r cubic {oot f thickening. plaques, pleural
{abbreviated as mppcf or mpcf), . calcification, and irregular opacities,
whereas current measurements are ! among 628 household contacts of
expressed as fibers per cubic centimeter } amosite factory workers compared o a
or per milliliter (f{cc or {/ml). 4.6 percent prevalence of chest X-ray
Conversion of measurements from mpe! © abnormalities among 326 controls drawn
to {/cc is not a simple matter of applying’  from the same community as the
d single multiplicative factor due to the | amosite workers. Controls were
differing work environments in which matched to the cases by ege and sex. As
samples were taken and differing of 1978, 4 cases of mesathelioma had
sampling methodologies. The factor for been diagnosed among the 626 family

B. Epidemiologic Evidence on Rish from
Exposure at the Current PEL

1. Conversion of Porticle Counts to
Fiber Courts. Currently, personal
ashestos samples of exposed workers
are collected with a membrane filter,
ang fibers are counted using & phase
contras! microscope equipped with an
evepiece graticule. In the past. particles
were counted rather than fibers, area

contacts of the amosite workers,
Presumably. family contacls receis ed
their exposu-e io ashestos from dust
carried home or. the worker's clnth:ng.
especially o rythe laundering of d.ieny
clothes. Abou” a 10-fold increase in
prevalence of plevral thickening
compared to controls was observed in
family contacts of workers with cnly

one year of exposure within the amogita
factory.

Estimated asbestos exposure levels of

family contacts and community
members observed to be at risk of

asbestos related disease have not been
reported. OSHA considers it very likely
that the cumulztive exposures of the
family contacts and community
members were less than 100 f/cc-vears,

Seidmar. Selikoff, and Hammon3 (Ex.
B4-087) studied the mortality of 820
amosite production workers emploved
somelime during 194145, Seidman et al.
reported that dus! concentrations had
never been measured in this plant and
that the plant was known to have
deficient ventilztion systems. Workers
were classified as having worked less
than 1 marth. 2 months, 3-5 months. 6-
311 months. 1 year. or 2 or more years.
Workers in all categories of length of
emplcyment had excessive moriatity
from lung cancer. Fer example. men
emploved less than one month had a
lung cancer standardized mortalily ratio
{SMR] of 267, based on supplemental
autopsy. clinical, and surgical
information. [The standardized
morality ratio is calculated as the
observed number of deaths in the
exposed population divided by the
rumber of deaths that would be
expected in the exposed populstion.
based on mortality rates of an
apptoprisle comparison population. The
SMR is frequently used as an
approaimation to the relative risk |
Hence. OSHA considers that Seidman et
al. demonstrated that excess Jung cancer
risk could be experienced even by
workers with exposures of relatively
short duration.

Berry. Gilson. Holmes. Lewinsohn,
and Roach (Ex. 84-020) studied the
workers of an asbestos textile factory in
the United Kingdom. Berry et al.
reporied in 1979 that the everage
exposure leve!l was 5 {fcc and that 6.6
percent of men employed after 1950 had
“possible ashestosis.” Among men
employed after 1950, Berry et al,
observed 1 percent prevalences of
crepitations, “possible asbestosis.” or
“ceriified ashestosis™ at 37, 46. and 63 f/
cc-years respectively.

Berry et al. concluded: “In view of
these findings there is no reom for
complacency about the 2 {/cm?® standard
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and efforts should be continued to
reduce asbestos dust to as low a level as
possibie. At this stage il is impossible 1o
stote deflinitely that the standard is
inadegquate, because its introduction is
so recent, and it is essential to follow up
groups exposed to low levels in order to
improve the data necessary for the
formulation of better Standards” (Ex. 84-
020. p. 109).

Finkelstein (Ex. 84-044) studied the
development of compensable (certified)
asbestosis among 157 Ontaric asbestos
cement production workers in relation

to cumulative exposures ({/cc-years).
All workers in the study cohort had al
least 15 years of exposure. Ontario
criteria for certifving asbestosis, which
results in the award of dicability
pensicns, are not inflexible and involve
consideration of such faciors as history
of uccupational exposures. dyspres.
crepilations, clubbing of fingers,
raciographic signs of pu'monary
fitrosis. and abnormal lung function.
Cerlification of asbestosis hence would
oceur 3t an advanced stege of disease.
Each production worker was classified
as havirg received 048 50-99. 100344,
150~199. or 200-249 {/ce-sears of )
cumialative exposure wihin the 18 vears
following initial exposure.

Finkelstein calculated incidence rates
consisting of number of new cases of
certified asbestosis per 100 persen-y ears
at risk. {Incidence is the rzte at which
new cases of asbestosis developin a
given period of time. I is a direct
measure of the risk of developing the
disease ] Incidence rales were 0.5. 3.4.
and 6.5 for workers who received 049,
50-99. and 100-149 f/cc-years
respectively. Finkelstein also calculated
the cumulative probability of having
developed certified asbiestusis by the
end of 32 years of Jatency and observed
tha! men in the 0—48, 50-82. and 100-149
f/ce-years categories had about 10
percent. 55 percent. and 70 percent
prababilities respectively. Due to small
numbers of men in each category, these
eslimated probabilities had much
statistical uncertainty.

Finkelsiein staled that the
uncertainties in exposure assignments
and the selection bias arising from
exclusion from the study of workers
with less than 15 years of employment
may have led to overest:mation of risk
et low exposures which was “to some
extent balanced by the fact that the end
point we studied was certified
dizability. an advanced stage of
asbestosis” (Ex. B4-044. p 501). OSHA
censiders that Finkelstein's findings of
excess risk from low cumulative
exposures are very important because

al . s aam o

based upon substuntial medical
evidence of severe disabhility from the
disease.

Dement and collezgures conducted o
detailed study of plan: p:ucesses and
dust control methods &i a chrysotile
textile plant during 1930-1975 (Ex. 84—
036, 84~037). Exposure histories were
constructed for esch worker snd
estimates of individual cumulative
exposures in terms of [/ce-days were
made. After 1840, exposure Jevels
usually were in the range of 510 f/cc.
Workers were categorized a5 receiving

exposures of less than 1000; 1000-10.000;
10.000-40.000: 40.000-100.000; and
greater than 100.00C {/cc-days. Because
Dement et al. included holidays and
weehends in their estmates of f/ce-

dzy s their estimztes of cumulstive
exposure are hely 1o be overstated.
OSHA calculzted that Dement et al's
calegories of f, cc-days are roughly
equivalent toless thern 2.7, 2.7-27 4 274
109.6: 108.6-274: and greater than 274 {/
cc-years of occupaticnal exposure.

Note.—Berause Dement et al counted
haliday s and weekends for their calculations
of [;cc-days OSHA dvided {'co-ders by 365
to arrive at estinetes of [ ce-vears.

Dement et al's first 3 exposure
titegories fall within the range of
cumulative exposires permitied by the
current OSHA asbes'es standard.

Among white me'es with 15 or more
vears of [ztency, lung cancer SMR's
were 140. 279, and 352 in the categories
of less than 1000, 1000-10.000. and
10.000—40.000 f/cc-days respectively.
The latter 2 categories’ excesses of lung
cancer were statistically significant. For
other non-malignant respiratory disease
(excludirg both infectious respiratory
diseases and bronchitis), the following
SMR's were observed for white ma'es
with 13 or more yesrs of latency: 362 for
men with less than 1000 f/cc-dayvs. B4 for
men with 1000~10.00 [/cc-davs. and 879
for men with 10.000~30.000 {/cc-days.
The excesses were stztistically
significant for both the first and third
category of cumulative exposure.

Dement et al. corcluded: “Based on
date from this study. significantly
elevated mortality risks are predicted
for lung cancer and for asbestosis at
cumulative exposures of 100 fibers/
cc - vears in the teatile industry™ [Ex.
B4-037. p. 432).

OSHA considers that Demernt et al.'s
observations of excess risk from low
cumulative exposures are well.
supported because of the careful
estimation of exposure histories for the
cohort.

Henderson and Enterline (Ex. 84-048)
studied the mortality of 1075 asbestos

1941-1967, Mortality was observed
during the period 1941-1873. Cumulative
€ pesares. eapressed in millions of
t-uiles per cubic foo! of air times
Vrats enposed (mpef vears) weee
est:mated for each man included in the
st.dy cohort. Mean exposures for 6
cumalative exposure categories were 62
182 352, 606. and 976 mpcf-years.

Hammad et al. (Ex 84-277) suggested
& mpcl to f/cc conversion factor of 1:1.4
for a cement plant. Because cement and
cther mineral particles have been

extensively used in ashestos products
m.znufacturing. using a conversion factor
0! 1:1.4 does not appear to be

unreasonable for Henderson and
E-terline’s study eohert. Using a factor
0i1:1.4. 62 mpcf-years is roughly equal
1o 87 f/ce-vears.

A respiratory cancer SMR of 1979
wzs obiserved in the cumulative
exnesure category with a mean
exposure of 62 mpcf-vears. Thus. OSHA
views this study as having observed
excess rish of dying from respiratory
CenCer among men receiving cumulative
exposures permitted by the current
OSHA PEL Using a conversion factor of
1:3 would result in an estimate of
cumulative exposure for the low
exposure category that s about 907
higher than tha! envisaged by the
current OSHA PEL,

Dement et al. commented on the
merhed d.fferences between the studies
of Dement et zl. and Henderson and
Erterline with regard 1o risk observed
from lew cumulative exposures (Ex. 84-
037). Derment et al. suggested that these
diiferences mey be attributable to the
fact that Henderson and Enterline
studied retirees 63 years or older. with
these relirees constituling a select group
of survivors Only B of the 35 Jung
cancer deaths observed by Demen! et ai
occurred in persons 65 or older.

McDorald, Liddell. Gibbs. Eyssen.
and McDonald (Ex. 84-065} studied the
mortality of 11.379 workers exposed to
chrysotile mining and milling born
during 1891-1820. Mortality was
obiserved during the period 1910-1473.
Each worker was classified as having
accumulated less than 30. 30-269. or 300
or more mpcf-years by age 45. Using a
conversion factor of 1:3 for mpef to f/cc
these groupings would correspond to
less than 90, 90-849, end 900 or more 1/
cc-years Lung cancer SMR's were 93.
118 and 225 [or the 3 calegories slarting
with less than 30 mpef-years _
respectively. SMR's for pneumoconiosis
were 298, 1081, and 5400 for cumulative
exposure categories of less than 30. 30-
299, and 300 or more mpcf-years, Hence
McDonald et al. did not observe much
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increase in pneumoconiosis risk in the
low exposure category. .

A case-control analysis used similar
exposcre calegories: howoever, the
analysis was intrinsically incapasble of
observing an excess risk in the Jess than
30 mpcf-year category because the
controls had also been chrysotile miners
and millers.

Regarding the different findings on
lung cancer risk from low exposures
between the studies by McDonald et ai
and Dement et al., Dement ef al
suggesied imprecision of exposure

estimales and differences in airborne
fiber characteristics as possible reasons

for the differences. Dement and Harris
previously had found that textile
precessing produced a higher propurtion
of long thin fibers fa'ling withir. the
ranges delineated as carcinogenic by the
anims! studies of Steaton and
colieagues [See Section E[3] below.
Experimentol Dato}

Firkelstein (Ex. 84-240) alsa studied
moriality from lung cancer.
mesothelioma. and other diseases
amerng workers at an Ontario ashes‘os
cement factory established in 1948, The
siudy cohort consisted of 339 men hired
before 1960 who had beer employed at
the factory for 9 vears or more. Each
cohort member was clessified as havin
accumulated 8-69. T0-121. or 122420 {/
cc-years of ashestos exposure within the
18 years following initial exposure.
These exposure categaries. hereafier
referred to as Groups A, B, and C, had
the following mean cumulative
expasures respeclively: 44. 92, arnd 130 f/
cc-vears. Groups A and B are low
€XpUSLTE Rroups.

Mortality by cumuletive exposure was
analyzed starting 20 vears after initial
exposure, so that the calendar period
during which deaths were observed
spanned 1968-1980. Cohort mortality
was compared 10 that of Ontario men
during 1970-19"4. Age-standardized
mortality rates per 1000 man-years for
specific causes of death were computed
for Groups A. B. and C and for Ontario
men. Thus, this study did not have the
biases from confounding effects of age
that can cceur when SMR's are being
compared among different groups of
workers (See Ex. B4+-335). One potential
problem is that lung cancer mortality
may have risen in Ontario during 1975~
1980 this would resul! in some
underestimation of comparison values
and hence some overestimation of lung
cancer risk. Huwever. this
overeslimation of risk likely would be
slight.

Mesothelioma mortality rates per 1000
man-years for Groups A. B. and C were
1.8.49. and 11.9 respectively. Lung

rarneror moaed s lode: ol ome o e o - e

years were $3.6. 26.1, 119. and 1.6 lor
Groups A, B, and C and lor Ontario mer
respectively. Approximate relal:ve rishs
fer Groups A, B, and C, as campared to
Ontzrio men. are 8.5, 16.3, and 7.4 {or
lung cancer mortality. Gastrointestina)
cancer mortality was also elevated in
Groups B and C relative 10 Qntario men.

The lung cancer morality rates did
pol consistently increase with
increasing estimates of cumclative
exposure in Lhat Group C had the lowest
lung cancer excess. Finkelstein
suggesled several potertia)

explanations, including inaccuracy of
exposure classifications, statistical

fluctuations resulting from the small size
of the cohorts and confound:ng effects
of smoking if there were differences in
smoking hzh:'s among Groups A. B. and
C. Because @ consister: dose-response
was obsenved both for mesothelioma
mortalily and asbestos:s in the study
group. Finkelstein sugzested that the
exposure classifications may have been
correct,

Firkelstein concludeZ that lung cancer
mortality rates "may be raised several-
fold” (Ex. 84-240 p. 143) at cumulative
exposures of 100 [/ce-vears. With regard
to gastrointestingl cancer. Finkelstein
judged that no firm conclusions could be
drawn due 10 the small numbaer of
deaths. although there was a tend of
increesing risk with increasing
cumulative exposure. Mesothe'ioma
death rates were considered by
Finkelstein to be related (o cumulative
exposure.

OSHA believes that Finkelstein's
study presents evidenze of eacess lung
cancer ard mesothelioma risk from
relatively low cumulative exposures.
namely 44 and 92 {/cc-yvears Lung
cancer risk mayv have been somewhat
understated by Finhelstein's exclusion
of lung cancer dea'hs which occurred
before 20 years of follow-up.

Rubino. Piulatte, Newhouse. Scanset:i.
Aresini. and Murray [Ex. B84-086) studied
the martality of 952 male lalian
chrysotile miners and millers during
1946-1975. Mortality from respiratory
disease and other causes of d2ath, but
not from lung cancer, was excessive in
this cohort. Criteria for inclusion in the
study cohort were survival until January
1. 1946. and at leas! orie mornth of
employment during 1930-1965.
Comparison of martality was made 1o
age. calendar period, and cause-specific
mortality rates of l'alian males. In
sddition. mortality rates were compared
among the cohort members using a case-
control analysis and & hislorical
prospective analysis. The curnulative
fiber exposure was est:imated for each
worker in terms of {/cc-years. The

tonditions and measured dust
concentrations during these simy' - e
in order to make more accurate
esimates el enpoccre during pos,
(Pre-2969; in which exposures were -t
measured. Mean concentrations ¢!
asbestos were estimated to range w10
50 [/cc before 1950,

Compared to ltalian males, the vye: 4!
cohort had slatistically significan:
excesses of mortality from larynzc.!
cancer, non-malignant respiratory
diseases. tuberculosis. cardiovascylar

diseases, cirrhosis of the liver, aad
accidents. Lung cancer mortality was
elevated oaly slightly (SMR = 106;
however, there was some trend of
increasing lung cancer risk with
increesing length of fullow-up. For
exemple. the SMR for lung cencer w =5
20¢; du.'ing 1671-1975.

Because all analyses of mortality in
refation to cumulative expasure
consisted of comparisons among the
cohort members, rather than between
the various exposure subgroups and
Ntalian males. these analyses were
incapable of detecting excess risk ir the
lowest cumulative exposure calegory.
These analyses were capable only of
detecting trends toward increused risk
with increased exposure. Although the
excess lung cancer risk (odds
ratio=289)] in the high exposure group
was not statistically significant. Rubino
et al. considered it "likely that the
increasing mortality truly reflects the
effects of higher exposure” (Ex. 84-686.
p. 193). [The odds ratio is an estimate of
the relative risk defined as the ratic of
the odds of dying frem cancer in the
exposed population to the odds of dving
from cancer in ar unexposed
population.)

Rubinc et al's study is unusual i not
finding a higher lung cancer risk amung
warkers exposed to relatively high
levels of asbestos. OSHA believes shat
the trends of increasing lung cancer risk
with both increasing length of follow-up
and increasing exposure are consistent
with an asbesios eticlogy. however.
OSHA also believes that the high risks
of mortality from other causes such as
non-malignant respiratory disease might
have obscured lung cancer risk,
especially since these high risks
appeared within the first 19 years
following exposure and asbestos-related
lung cancer generally has a longer
latency period. Also, OSHA calculated
that this study only had 33.5% power to
detect a 50° increase in lung cancer nish
among workers with 20 or more years of
follow.up.

Note.—S!atislical power quantifies the
atriistv of & study to delec! 8 true increased
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probubility of not missing a true figk.
Generwly. it is considered desirable for
studies to have at less! 0%, power. Because
lung cancet 15 a relative!y common cancer.
epdemiologic studies should have af least
87 powerio deteet 8 3% inceease in rish of
lurig cancer. See Ex. 84-33¢ for description
of OSHA's method of calculating power.

Weill, Hughes, and Waggenspack {Ex.
84-206) investigated exposure-response
reletionships betweenrespiratory
cancer risk and exposure in an asbestos
cement plant. Weill et 8). did not
observe excess risk among men with
low cumulative exposures. A total of
5.643 men with 8t least 20 years of
latency since first exposure in either of 2

asbestos cement plants were studied.
Al men had st least one month of
employment before 1970 and their vital
Stalus was determined as of December
31.1974.

Eack worker's cumclative dust
expasure during the 20 vears from initia)
exposure was estimated in terms of
mpcf-vears. Men were clessified in one
of 5 different cumulative exposure
categories: 10 or fewer 11-50. 51-100.
101-200. and 201 or more mpcf-years.
Using the conversion factor of 1:1.4
suggested by Hammad et al.. the §
cumulative exposure cztegaries would
be equivalent to 14 or fewer, 15-70. 71—
140.141-280. and 281 o1 mere f/cc-vears.
Respiratory cancer SMR's were as
follows, starting with the lowest
Cdlzgory: 77, 70. 26, 290 and 226 None
of the cther causes of death were in
excess for workers in the 3 lowest
calegories.

Cancernirg their failure to detect
eXCESS respiratory cancer mortality in
their lowest categories of exXposure,

Veill et al. stated: “Such findings are
net recessarily incompatible with a
linear response curve at low doses
be cause of the relative insensitivity of
currently used epidemiologic methods in
detecting slight increases ir risk when
compared to background. They do
indicate. however, that any excess risks
at low degrees of exposure are small”
(Ex. 84-2065, p, 353},

Weill et al. noted that the relatively
high proportion {25%] of the cohort who
were lost to follow-up and assumed
alive through 1874 may have led to
underestimation of respiratory cancer
risk. The upper limits of the 95%
confidence intervals of the respiratory
cancer SMR's for the 3 lowest exposure
categories ranged from about 115 to 150,
indicating. in OSHA's opinion, that
excess risk could not be ruled out for
these categories,

Berry snd Newhouse {Ex. 84-021)
studizg mortelity during 1941-1976 of a
cohort of friction material production

relatively low. Levels of exposure
ranged from less than 1 f/cc to § f/cc
after 1931, and cumylative exposures for
the cohort averaged less than 50 f/cc-
vears. Although excessive moiality
from mesothelioma was obse:. ed. there
appeared to be little excess mortality
from lung cancer. Most of the
mesothelioma cases had been exposed
to asbestos levels exceeding 5 f/cc. The
cumuletive exposures to asbestos of the
mesothelioma cases were not reported
by the authers.

Unexpectedly. this study observed
excessive mesothelioma mortality but
only a non-significant excess of lung

cancer mortality. A sizable portion of
the study cohort had a short follow-up
period between their initial exposure
and the study cut-off date. For excmple.
33% of the me= kad follow-up periods of
less than 20 vears. Lung cancer rick may
be expected to increase in this cchort as
the members are followed for a longer
period.

3. Sumpicry. A number of
epidemiologic studies have examined
exposure-response relationships for
asbestos and asbestes-rela‘ed diseases.
OSHA recognizes thai t'ere are many
inevitable uncertainties assoziated with
epidemiclogic studies of exposure-
response. Rerely. if ever. are personal
sempres of asbestos concenttztions for
exposed workers dusing the entire
period of exposure available.
Investigators fypically have dev eleped
individua! indices of exposures from
reconstructed occupaticnal histories.
recent industrial hvgiene deta. and
assumptions about past working
conditions for which expostres were not
measured. Another guestion concerns
the factors for corversion from
hittorical methods of measuring dust
concentrations to current mehads of
measuring fiber concentrations The
ratio of milliors of particles per cubic

foot [mpcf] to fibers per cubic certimeter

(f/cc) has been suggested as renging
from 1:1 10 1:5. Conversion factors of 1:3
for mpcf: f/cc in asbestos mining and
miiling nd 1:1.4 in asbestos production
and asbestas cemen! aperations appear
reasonable to OSHA.

OSHA also recognizes the statistica)
variation associated with estimation of
Stardardized Mortality Ratios [SMR's).
Such statistical variation, as wel! as
differences in study design. statistical
power. and length of follow-up. may
sccount for some of the divergent
findings amaong studies.

Because the present OSHA PEL of 2 f/
cc was effective in 1976, there are few, if
any. occupationa!l cokorts exposed
solely 10 2 f/cc or less who have follow-
up itntervale sufficient far iha

—

asbestos exposure. At bresent, OSIHA 1«

not aware of any evidenee sugpesting
thar 1mtensity of ex; sorewill affen
excess fisk ina man- e diferent from.
c.olanveevpez s wiich
encsmpasses both drtion of EXPOLLI
and intensity of expreure. Most
epidemiologic stud:es have observed
increasing rish with increasing
cumulative exposure. Durction of
exposure may kave an independent
eflect on mesothelioma risk {see Sectior

V.. Quantitative Risk Anaiysis).

A worker exposed 1o the OSHA PEL
of 2 f/ce for 50 veass would have &
Curulative exposure of 100 f/cc-vears
Hence. studies of worhers estimated to
have received c'ose 10 or less than 100 ¢
cc-Aears provice evidence concerning
rish from expeesre 1o the OSHA
stenlard ever though the past
iriensities of exposure may have
exceeded 2 {/cc. _

§ OSHA considers that the following
{ stvdies have observed increased risk
cicse to or below 100 {/cc-vears. Berry
et al {Ex. 84-020) observed & 1%
prevaience of crepitations. possible
asbestosis. and certified achestosis gt
37.46. and 83 f/cc-y eers respectively
mong asbestos textile workers.
Finrelstein {(Ex 84-044) observed a 107
protability of having certified
ashestosis among asbestos cement
praduction workers with cumulative
exposures of less than 30 {/ec-years whe
Lad beer obsenved 32 vears since their
initia) exposures. Finkelstein {Ex. 84—
230} also observed excessive lung
canicer mortality among workers with
average cumulative exposures of 44 and
92 f/cc-years.

Among eshestos textile workers.
Dexent et al. (Ex 84036} observed
excessive mortality from lung cancer
end non-malignant respiratory disezses
at cumulative exposures of less than
1000 f/ce-day s and 1000-10.000 {/cc-
days (equivalent to less than 2.7 and
2.7-27.4 [/cc-years). Henderson and
Enterline (Ex. 84~048} observed aboul a
2-fold increase in lung cancer mortality
emong retired asbestos production
workers receiving an average
cumulative exposure of 62 mpcl-years
(equivalent to 87 f/cc-years using a
conversion factor of 1:1.4).

trelatively low cumnulative

exposures, the following studies did not
obserie excess lung cancer risk or
observed only a small increase in lung
cancer risk. Berry and Newhouse (Ex.
B4—021) observed little excess lung
cancer mortality emong friction material
production workers whose cumulative
exposures averaged less than 50 f/cc-

PO N S T T
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however, their cumulative exposures
were not reporied. Weill et al. (Ex. 8-
206) did not find increased moriality
from any cause of death below 101
mpci-years (equivalent lo 141 i/ce-years
using a conversion factor of 1:1.4) in a
cohort of asbestos cement workers.
Rubina et al. (Ex. 84-086} observed dnly
a sligh! excess of lung eancer mortality
{and a large excess of mortality from
other causes, such as non-malignant
respiratory disease) despite high
exposure levels. Data were not analyzed
by Rubino et al. in such s way as to
permit estimation of risk from low
cumulative exposures.

McDonald et al. (Ex. 84-065} observed
little or no excess lurg cancer moriality
among asbestos miners and millers
receiving low cumulative exposures.
Excess mortality from pneumoconiosis
was obscrved in the low exposure
group. however. Workers receiving less
thar 30 mpcf-years by age 45 had an
SMR of 298 for pneumoconiosis {30
mpcl-years equals 90 {/cc-years using a
conversion {actor of 1:3),

As is commonly observed among
epidemiologic studies of etiologic agents
for disease. there are some
inconsistencies in the findings of
different studies of workers
accumulaling relatively low exposures.
Statistical variation. differences in the
size distribution of aizLorne fibers,
imprecision of exposure estimstes. and
competition among different causes of
death might explain some of the
incorsistencies. Nonethaless, OSHA
considers that many well-conducted
studies observed substantially increased
risk of death from lung cancer and non-
malignant respiratory disease among
workers receiving cumulative exposures
permitied hy the current OSHA
standard. OSHA concludes that these
study resuits provide evidence of grave
danger from low cumulative exposures \/
to asbestos.

while other studies did not observe a
relationship between ahestos in

. drinking water and cancer incidence
{Harringtan et el.. Meigs ¢t al.. Levy et

al] [Karg. Ex. 84-139). OSHA is aware
that ecological studies generally have
certain limitations for determining the
effects of long-term environmental
exposure 1o specific subslances.
including confounding variables such as
migration into and from communities
and multiple exposures 1o other

carcinogens and toxic chemicals, For
example. increased cancer mortality in 8

particular community may result from
occupational exposures rather than Trom
carcinogens in the drinking water or
ambient air. Because studies of
occupational cohorts do not bave as
marny limitations as ecological studies.
occupational studies have the potential
to be more determirative concerning
carcinogenic risk to humans. depending
on size of the cohort, length of
observation of the cohort, and other
pertinent factors. Therefore. because
well-conducted epidemiologic studies of
asbestos workers are available and
because inkalation rather than ingestion
is the primary route of workplace
exposure, OSHA has based its
conclusions on the potential
carcinogenicity of asbestos for sites
other than the lung and mesothelium on
epidemiciogic studies of asbeslos
workers.

2. Epidemiology Studies. Elmes and
Simpson studied the mortality of Belfast
insulators employed during 1940, mostly
in shipyards {1971, 1977} (Exhibits 84—
041 and 84-042}. Vital status was
observed during the period 1940-1975.
Excess mortality was observed from
asbestosis, Jung cancer, mesothelioma,
and gastrointestinal cancers {stomach,
jejunum. pancreas. colon and rectum).

Elmes and Simpson stated that "both
in respiratory and in gastrointestinal
cancers there is the difficulty of
differentiating between mesothelial and
epithelial tumours” [Ex. 84-042, p. 176).
Of the total 122 deaths in this cohort,
either autopsy information or clinical
information with biopsies and/or
radiographs supplemented the death
certificates for all but 22 deaths. By
1966, 13 deaths had been coded as
gastrointestinal cancers on death
certificates. 12 of which continued to be
classified as gastrointestinal cancers
after supplemental information had been
obtained. Using the expected value of
5.16 deaths for all non-respiratory
cancers that were reported by Elmes
and Simpson. OSHA calculated that the
gastrointestinal cancer excess was
statistically significant at the 0.05 level
fmne-tailed Paicemn toct) .

C. Ccreinogenicity of Asbestos for Sites
Other Than the Lung and Mesotheliym

1. Introduction. A number of studies of
asbestas workers have gbserved
excesses of cancer at siles other than
the lung and mesothelium. These sites
include color and rectum, esophagus,
stomach, larynx, pharynx, buccal cavity,
kidneys, and cvaries. Based on these
eludies, OSHA has concluded that
gastrointestinal malignancies appear to
have been proguced by asbestos inhaled
in the workplace.

A variety of community.based
epidemiology studies have investigated
the effects of ingestion of asbestos in
drinking water. One study suggested
that asbestos in drinking water
Increased cancer incidence in San

o

Francisco and Dakland (Kanarek et al}. V' Elmesaend Simpson concleded in their

1971 paper: “Cancer of the lung and
mesotheliomas do not account for all the
excess of deaths: g significzne excess of
other cancers temain . . . and most of
these appear ta be in the gasirointestinal
tract” (Ex. 84-041. p. 233). In their 1977
paper, Elmes and Simpson reported a
decline in both asbestosis and
gastrointestinal cancer as major causes
of mortality emong the survivors

Aollowed from 1967-1075.
L/ Selikoff. Hammond. and Seidman

tludied a cohort of 17,800 U.S. and
Canadian insulation workers (Ex. 84
090). Comparison of insulators’ mortality

uring 1857-1976 was made 1o age and
calendar period-specific mortality rates
of 'S white males. The large size of
this cohort resulted in very high
statistical power to detec! increased
mortality from specific causes.
Therefore, OSHA considers that this
study carries much weight with regard
to the question of asbestos-induced
maligrancies. The investigators sought
supplemental clinical. surgical, and
aulopsy information in order to
determine the extent of misclassification
of cancers.

Based on death certificate information
alone. significant excess mortality was
observed from lung cancer (SMR = 306).
mesothelioma (104 deaths). esophagcal
cancer (SMR=233), stomach cancer
(SMR =126}, colon-reclal cancer
{SMR =152). laryngeal cancer
{SMR =191), pharyngral and bucca!
cavity cancer (SMR =159], kidney
cancer (SMR=223), all other cancers
(SMR =191). and non-infectious
respiratory diseases {SMR=2319),
including 78 deaths from asbestosis.
With the exception of deaths listed as
“8!l other cancers”, reclassification of
deaths based on supplementa! clinical
aulopsy. and surgical data resulted in
slightly highet SMR’s for the causes of
death listed sbove. . .

OSHA believes thal Selikoff et al.'s
reclassification of causes of death is
justifiable because misdiagnosis of
mesothelioma 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

.primary cancers of other sites, and vice-

versa. One disadvantage of
reclassification of deaths, however, is
that the extent of misclassification in the
comparison population of U.S. white
males remains unknown. Nonetheless.
OSHA believes that, for this particular
cohort, the advantage of reclassification
in terms of improving the certainty

about the causes of death outweighs the
I . T
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I the category listed as “all other
+.Cuncers.” 252 deaths were observed

compured to 131.8 deaths expected. The
excess in this category was mostly due
to imcreased mortality from pancreatic
cancer (SMR = 281), liver and biliary
lract cancer [SMR = 269). prostate
cancer (SMR =137), and brain cancer
(SMR =163). When reclussified
according 10 supplemental information,
the pancreatic cancer excess deelined
greatly and the Liver and biliary tract
cancer excess diseppeared.

Selikoff. Hammond, end Seidman
concluded: “Asbestos insulation
workers in the United States and
Canada suffer an extraordinary

increased risk of death of cancerand

8shestosis essociated with their

employment. This includes increases in
death from lung cancer. pleyral
mesothelioma, peritonea! mesothelioma.
cancer of the esophugp:s. colon and
rictum, cancer of the lamyna, oro-
Tharynx. Kidney. and pertaps stomach.
Some increases were sren in cancer of
several other sites, as well. but data are
inadequate al this time te permit
charatterization of their significance.
although attention is called to such
wider incresse™ (Ex. 82000, 114].
Dement end coilepues (Ex. 84-037)

" observed a statistically non-significant
increase in digestive cancer mertality
{SMR =131}. When Derment et al.
confined their analvsis to white males
with latency intervale of 15 or more
years and examined EXpOSUTe-TESPOnse
relationships for digestive svstem
cancer, SMR’s increased with increasing
cumulative exposure, ranging up to 390.
Beeause of the small numbers of deaths,
none of the excesses of digestive cancer
in any of the exposure categories were

, Statistically significant.

~/ McDonald and colleagues (Ex. 84-065)
observed some increases (not
siatistically significant}in rortality
from esophageal and stomach cancer
and from colo-rectal carcer smong
chrysotile miners and millers in Quebec.
Gastrointestinal cancer SMR's increased
with heavier cumulative exposures.

. Seidman. Selikoff. and Hammond {Ex.
84-067) studied a cohort of 820 amosite
insulation production workers emploved
a1 a New Jersey plant during 1941-1845.
A statistically non-significant exceas of

" gastrointestinal cancer (esophagus,
slomach, and colon-rectum) was

observed [SMR =121). Henderson and
Enterline (Ex. 84-048) studied the
mortality during 1941-1873 of 1348
retired asbestos factory workers. Fifty.
five deaths from digestive sysicm cancer
were observed compared o 39.9 deaths
expected {(SMR = 137.8) (OSHA
calculated that this excess was
statistically significant st the 0.05 level.

using a one-tailed Poisson test).

Nicholson. Selikofl, Seidman. and
Hemmond (Ex, 84-251) 8130 studied &
cohort of US. ssbestos fuctory workers
and observed & statistically non-
significant 1.5-fold excess of
gastrointestinal cancer. Newhouse and
Berry (Ex. 84-330) observed g
gustrointestinal cancer SMR of 136 in o
cchort of London asbestog fectory
workers (60 deaths observed versus 44.2
expected) (OSHA calculuted that thig
excess was statistically significant at
the 0.05 lex e} using a ene-tailed Poisson
test). Puntoni et al, (Ex. 84-245) studied
the mortality of shipyard workers
exposed to asbestos in Genoa, llaly.
These workers were also exposed to

other toxic substances, including ilics.
benzene, carbon tetrachioride. and
polycyclic sromatic hydrocarbona.
Compared tu the age-specific mortali by
rates of male Genoans, the shipyard
workers had statistically significant
increasesin mortality from colon cancer
(relative rish =1.81). All of the studies
listed in thus paragraph also observed
excessive mortality from lung cancer.

In addition, other investigators have
observed excesses of digestive sytem
cancer. Rubiznson et al. (Fx. 84-082)
observed ar SMR for digestive svstem
cancer of 121 [not a statistically
significant excess) among asbestos
production warkers. Kleinfeld et al. (Ex.
84-14G. 84-141) cbserved an SMR of 400
(statistically significant) for digestive
Syslem cuncer among tremolite and
anthophyliite exposed workers mining
talc. Manciso and Coulter (Ex. 84-224}
also observed 8 significantly elevated
digestive system cancer SMR among
insulatior workers. Finkelstein observed
& statistically non-significant 2.fold
increase in mortality from digestive
system cancer among asbes'os cement
worhersEx ‘84-240).

A number of studies have not
observed excessive gastrointestinal
cancer mortality among workers

exposed to asbestos. Nicholson, Selikoff,

Seidman, Lilis. and Formby (Ex. 84-072).
who studied the mortality of 544
chrysotile miners end millers from
Quebec, observed & gastrointestinal
cuancer SMR of only 165. Weill, Hughes,
and Waggerspack (Ex. B4-206).-who
studied a cohort of 5.645 asbestos
cement production workers, also did not
observe an excess of deaths from
gastrointestinal cancer. Other
investigatars who did not observe an
incresse in g«strointestinal cancer
mortality include Berry and Newhouse
(friction materials production worhers},
Rubing et al. {chrysotile miners),
Mecurman et al. {anthophyilite miners).
Brown et al. {talc workers exposed lo

asbestos]. Weiss (chrysotile factov

-— e ——
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workers). McDonald and McDonald
tasbestos gas mask workers), Felo et a,
{asbestos textile workers}, Thomas et al.
(asbestes cement workers). Ros siter and
Coles (shipyard workers), ang Jores et
&' {asbestos gas mash worken! (Fy. g
<54,

When non-gastrointesting) cancers s
sites other thar the bung and
mesothelium ere considered at Ic ast 4
studies observed excesses at these other
sites: Selikoff et al. Shettigara and
Morgar. Puntoni et al., and Siell and
McGill. Other studies have not ohserved
excesses of cancers at other sites.

One issue which the Agency had 1o
address was how to weigh the positive
epider:iologic data versus the pop-
positive epidemiologic data. Ore_
consideration is atatistical po wer. the
&vility to detect a true risk ¥ such risk
exists. The Ch-onic Hazard Advisory
FehieTon Asbestos [CHAP) convened by
the US Cons.mer Product Safety
Commission did not find & consistent
relationship between having 5 higher
Cegree of statistical power and finding
excessive mortality from these cther
cancers {Ex. 84-230). It shou!d be poted
that the study that had the highest
stetistical power by virtue of studving
17,800 workers namely tha! of Selikofi
e? al, okserned excesses of
g=sirointestinel, laryngeal, kidney, and
7haryngeal and buceal cavity cancer.

Another censideration is the
relationship beween the magnitude of
excess lung cancer risk and excess
gesirointestinal cancer risk. CHAP
coserved thst studies with high lung
cancer excesses were also likely to have
feund gestrointestinal cancer eacesses.
Because hiph lung cancer risks would by
expected to have resulled Trom
relatively high exposures. this
ouservation sugzests ths
sstrointestina! cancer eacesses are -
.und where expostres are grealer,
which increasés The plavsibility of there
being a true assaciation belween
asbestos and gastrointestinal cances.

In summary. &t least 12 different

Voccupational cohorts exposed 1o

esbestos have been observed to have
excesses of mortality from
Bastrointestinal cancer, 7 of which were
statistically significant. OSHA considers
that these findings constitute substantial
evidence for an association between
asbeslos exposure and gastrointestinal
cancer risk. The evidence for a
relationship between asbestos exposure
end cancer at other sites is nhoteworthy
yelnot as substantial as thal regarding
estrointestinal cancer.

f Goldsmith {(Ex. 84-235) reviewed the
evidence for & causal relationship
betweer asbestos exposure and non-
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pulmonary cancer in 8 studies of 11
occupational cohorts followed for at
least 20 years since initial exposure, He
concluded that the data "cast doubt on
whether there is site-specificity of
asbestos-related cancer” and that “a
systemic carcinogenic role is more likely
[for esbestos]" {Ex. B4-235, Pp. 345-347).
3. Toxicology Studies. A number of
toxicology studies have been condycted
to determine the carcinogenicity of
ingested asbestos. Inhaled asbestos is
thought to enter ;h_e__ﬁigg;_tgyiﬁc: when
#sbestos flbers caught in the mucous

[ining of the Jung are brought up to the
throstang swallowed. Also, fibers

caught in the nose may trave! down 1o
the pharynx (Kang. Ex 84-139). Evans et
al. (Ex 84-236} conduzted an irkalaton
study in rats of radic-labelled
crocicalite. The radio-labelled
crocidolite traveled to the larynx,
esopragus. and gastrointestinal tracy
immediately after exposure. and was
large!y excreted in the feces within the
30 days following inkalation.

The National Toxicology Program
{NTP; has administered chrysotile,
amosite. tremolite. and crocidolite in
feed [i% of diet] to laberatory animals.
Increzsed incidences of tumors have not
been rzported in any of the NTP studies
[Exkibits 84-2035. 84225 227, B4-228).
In some of the studies, relatiy ely shart
fibers were adminiscred. The ashes:os
dose of 1% in diet wes not the
maximally tolerated Cose (MTD), unlike
most carcinogenesis bioassays.

Ward. Frank. Wenk. Devor. and
Tarone (Ex. 84-200) examined the effect
of ora! exposure to amosite or chrysotile
on gasirointestinal (Gl) carcinogenesis
amonrg F344 rats who had been injected
with azoxymethane. Azoxymethane is a
well-recognized intestinal carcinogen for
laboratory animals. Rats were also
exposed to amosite zlone and
azoxyaicthane alone. The exposure
period was 10 weeks and the rats were
observed for 95 weeks or more [some
rats did not survive as long as 95
weeks). Although amosile and chrysotile
exposure did not significantly increase
the inciderice 61 Gl cancer among r
given azoxymeThane injections, the 49
rats receiving amosite alone had an
unusually high'incidence (32%) of colon
tarcinoma compared 10 the incidence
among historical control F344 rats
ﬁETﬁéﬁléﬁiIﬁE_s—gme laboratory,
“Ward'et al. commented on these
findings: “The results of these
experiments suggest that oral asbesigs
exposure may have caused an increased
incidence of intestinal tymors in male
F34drats .. Although our findings did
not conclusively demonstrate the co.

o e

results suggest that additional sensitive
animal experiments are needed" (Ex.
B4-200. p. 311).

Bolton Davis. and Lar* (Ex. 84-214)
administered amusite, crocidolite, and

chrysotile in diet supplements to Wistar
r8ts for periods of up 1o 25 months.
Malignant tumors. includirg GI tumora,
were nol increased in the ashestas.
exposed animals compared to the
controls: however, chrysotile-treated
rats had a statistically significant excess

of benign tumors. The excess of benign
tumors in chrysotile-treaied rats was
largely due to an excess of mesenteric
hemangicmas. Bolton et a). thought that
the observed excess of berign tumors in
chrysotile-treated animals was not
likely 1o be due 10 ashestcs because
they did not observe asbestas fibers in
the mesenteric lymzhatic tissues of the
énimals.

Donham. Berg, Will. ard Leininger
{Ex. 84-222) fed F3+ rats 3 diet
consistirg of 10% chrysotile. A tota] of
189 asbestos-fed rats and 312 control
rats were studied. Regardirg their
findings. Donkam et a). stated:
“Although the risk differences for
development of colon tumors
specifically is not statistically
significant at the 5% level. we feel there
is suggestive evidence that ingested
asbestos may have scme role in colon
carcinogenesis...” (Ex. 84-522. p- 1080).

Smith. Hubert, Schel. Peters, and
Doerfler (Ex. 84-193) administered
amosite asbestos in drinking water to
Syrian hamsters of the Lak: LVG strzin
for periods ranging up to 22 months.
There was same clustering of malignant
tumors. including a peritoneal
mesothelioma. a pulmenary carcinoma.
and 2 squamous cell carcinomas of the
forestomach, in the hamsters eaposed to
amosite {4 of 180 animals). None of the
control animals developed these Iypes
of maligrant tumors. Smith et al. did not
consider the clustering of malignant
tumors in amosite-exposed animals to
be related 1o their ingestion of amosite
because these types of tumors have
been observed in control Syrian
hamsters of the Lak: LVG slrain by other
investigators.

OSHA considers that there is some
evidence that oral ingestion of asbestos
is carcinogenic o laboratory animals;
however, this evidence is rather
inconsistent. The generalizability of the
non-positive NTP studies is somewha
that were ini i .

4. Summary. In summary, at least 12
epidemioclogic studies have observed
increased mortality from
Qastrointesiinal cance s amana wmel oo

epidemiologic studies have observed
excesses of cancer af sites other than
the respiratory tract, mesotheliym, and
§esirointestinal tract. A number of other
studies have not observed increases in
mortality from cancers at sites other
than the lung and mesothelium. It is
possible for physicians to misdiagrose
peritoneal mesothelioma as
gasirointestinal or other cancers:

however, the excess of astrointestinal
Cancer persisted even after Elmes gp
-

tmpson and Selikoff et al reclassifieq
mu51ng supplementa)
Sutopsy. surgical, and clinjcal

information. OSHA believes that the
results of these reclassifications

constitute additional evidence for an

#ss0ciation belween asbestos ex osure
and cevelopment ol gasTroiniestinal

cancer. .

OSHA regards the numerous
eﬁﬁ%ﬁﬁﬂﬁﬁ??ﬁﬁmﬁﬂﬁaﬁﬁﬁﬁn
fficréased risk from gastrointestinal
tancer as outweighing non-positiv
epidemiologic studies and non-positive
04 equisocal Tindings b e
ingesting ashes Dose-response
reiationships for gastrointestinal cancer
are characterized less well than for
respiretory system cancers.
Nanetheless. OSHA concludes that
gastrointestinal malignancies should be
included in quantitative analyses of
excess cancer risk from ashestos
exposure because such cancers have
made substantial contributions to the
increased mortality of many cohorts of
asbestos workers. Otherwise, excess
cancer risk from ashestus exposure
would be understated.

The excesses of malignancies at sites
other than the lung mesnthelium. and
gasirointestinal tract observed by
Selikoff et al. are particularly
ncteworthy because of the large size of
Selikoff et al.'s cobort. The large size of
their cohort resulted in & high degree of
statistical power and a high degree of
stability for the observed SMR's. OSHA
considers that asbestos might induce
cancer a! sites other than the lung.
mesothelium. and gastrointestinal tract
based on the studies finding cancer
excesses atl these other sites. especially
the study of Selikoff et 8l. OSHA wil}
hot altempt to quantify the excess risk
8! these other sites in relation to
exposure. OSHA views the evidence for
asbestos inducing gastrointestinal tract
cancer as stronger and more consistent
than the evidence for asbestos inducing
cancet af these other sites.

D. Effects of Cigarette Smoking

- F_ . _ L - & . =
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increased lung cancer rish wag shown in
8 1968 paper by Selikoff. Churg. and
Hammond (Ex. 2-5;. Subsequently, other
studies of occupational cohorts
confirmed this fiading {S¢!ikoff,
Seidman. and Hammorc, Ex, B4-180,
Hammond. Selikoft, and Scidman, Ex
84-047}. Cohen el aL (Ex. 84-031)
observed poorer particle clearance from
the lungs of smokers than from the lungs
of non-smokers. This firding may help to
expluin the higher lung cancer risk of
smoking asbestos workers. In addilion,
smokirg asbestos workers have heon
reported to be al highe: rish of
asbestosis and chest X-ray
abnormalities, inclucing nlewss] plagues
(Hammond et al., Ex. 81-04- Weiss. Ex.
B3-097. Weiss, Levin und Goodman, Ex.
84-09¢). There is no evidence for an
assaciation between cigarcite smokhing
and eiiher mesctheliome tish or
Rustrointestinal cancer risk {Hammond
et al. Fx. 84-047).

2. Respiratory Cunce-. Hommond et
ol. {Ex. 84-047) collected smohing
histories from 8220 of th.e 12051
insulation workers with, & foliow-up
period of 20 or more vears since initial
Expusure who had been studied Ly
SelikofT end colleagues. The mortality
experience of these workers was
observed during 1967-1976. Of the 82zo
workers who answered the
Questionnaire on smoking hybits in late
1966, 6541 were either cotrent or past
Cigarette smokers, 483 had 4 history of
Pipe or cigar smoking. ard 891 had never
smoked regularly. The compurison
population was drawn from the
American Cancer Society’s long-term
prospective epidemiclogic study
conducted by volunteers. and consisted
of 73,763 white men whe had no more
than a high school education. were not
farmers. were alive as of January 1,
1967, and had a history of occupationel
exposure to dust, fumes, Vapors, guses.
chemicals, or radiation, The major
advaniage of this comparison
populstion was the availzbility of age-
specific mortalily rutes by smoking
status. Also, men with the above
described education and occupationsl
histories likely would resemble the
insulation workers more than the
genera! US. white male population.

Age-standardized lung cancer
mortality rutes for controls and for
asbestos warkers are given in Table 5.
As shown in Table 5. non-smoking
asbestos workers had 4 mortality rate

from lung cancer thut way § times higher
than that ¢/ non-smoking cortrols. The
lung cance* mortality of smoking
osbentos workers was 450 S times
higher ther he controls with & Bistory of
Ggarelle s=uninig. Thus. for bty

—

smuking and non-smoking asbesios
workers. the relative rig) of death from
lung cancer was abouyt S{0id. Hence. the
relationship between Cipnrptle smoking
and tabestos eXPOSUTE (L Yest be
described as mullipheatis ¢ in Nature.

Tecie §

Age-Stancaroizec Lung Cancer Leatn Rates

by Smoing Status anc Grcupationg |

mstory of Asbestos Exposure

Exposure ristory of

to Crgarette Leatn Mortaligy kortgiig,
bt oup fsoestes? S;.m'.ng.? hale? Uifference Ralig

i 3

Controts - he he 1.3 .t .00
ASDestos
moreers Yes Ao 5 .4 + 47,4 5.17
contreus ho Yes véc . -144.3 b, 5%
Asbestos .
horkers Yes Yes €01.% +590.3 83.24

Rate pem LK, 00C Tan-y8A*5 Stancercilec for age on tne Gisti.Lulon of tre
Pdri-yesrs of i1 the assestos WCrKers (lesec on ceath certificate inforsetion;

Fron nammor: et deo, Ex. Bpd 527

Regarding these data, the NIOSH/
OSHA Ashesios Work Group stuted:

“The combined effect of smoking and

asbestos expos,re appears to be more thap

imple addition. If the combined effect were
edditive, one would expect death rales of
168.7 per 10000 man-years among ssbestos
waorkers whe amohed. This rate was derived
from the surs of the baseline rate {11.3} plus
the excess over that beseline due to ashestag
(58.4-11.3 =471} 7lus the excess due 1o
smuking EIZ.B—II.J=111.3}. The de'a seom
ruther W satish a multiplicative model. It
was shown tha! smoking alone increaned the
death rate about 11 times, and asbestos alone
increesed i 5 times Therefore. for's
multiplicetive model. the mortality retio for
those exposed 1c bath 8bestos and amohing
would be 55 {$ times 11) times greater than
those who were exposed neither to ashestos
nor to smoking The mortelity ratio for those
exposed to asbestas and 1o cigarettes was
actually 53.24" (Ex p4-320, p. 27).

Selikofl. Seidman. and Hammond
examined the effects of cigarette
smoking ard asbestos exposure among

582 amosite prodyction workers. 567 of
whom had smoking histories (Ex, 84
190}. As in Hammond el al.'s study,
comparison was made to age and cause.
specific mortality rates within each
smoking status category of the American
Cancer Society {ACS) cohort. Non-
srioking amesite workers had o goatet
than 5-{old increase in lung cancer rish
compared to non-smokers in the ACS
cohort. while smoking amesite workers
had an almost 5-fold increase compared
to their smoking ACS counterparts.
Based on the excess lung cancer risk in
non-smokers. Selikoff et al. stated that
asbestos exposure alone produced an
increased risk of lung cancer. although
the increase among non-smokers was
limited in terms of total numbers of
additional deaths. For cigarette smoking
esbestos worhers, Selikoff et al.
described the increased numbers of lung
cancer deaths as “devastating.” Selikoff
et al. observed no increased rick of
death from mesothelioma,

e S S P
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gastrointenstinal cancer. and asbestosis

#MOng smoking amosite workers
compared to non-smoking amosite
warkers.

3 Lung Disegse c: 7 Chest X-ray
1hormelities. Hamr:and et al. reported
thet asbestosis workers who smohed
one or more pachs of cigareties per cay
nad an asbestos mortality rate 2.8 times
higher than thet of asbestos workers
who bad never smoked regularly (Ex.
84-047). Hammond et al. also reported
that ex-smokers who were asbestos
workers had substantially lower death
rates than asbestos workers who had
not quit smoking.

Weiss (Ex. 84-097} conducted a chest
X-ray and questionnaire survey of 100
asbestos textile workers. Weiss
reporied that smohing workers had a
40% prevalence of pulmonary fibrosis
and ron-smoking workers had a 24%
prevalence of pulmorary fibrosis. A
gradient in risk of fibrosis was observed
for both increasing age and increasing
duration of exposure. The age
distributions of the smokers and nor-
smokers were similar. 25 were the
median durations of exposure to
asbestos. Weiss concluded that both
asbesios exposure and cigarette
smohing were associated with
pulmenary fibrosis and that smoking
asbesios workers had a higher
prevsience of fibrosis relative 1o non-
smoeking ashestos workers.

Weiss did ot indicate whether the
difference in pulmonary f:brosis
prevatence between smokers and non-
smokers was statistically significant.
OSHA tested the significance of the
difference in prevalence of pulmonary
fibrosis between smokers and non-
smokers using a chi-squared test of
propertions and did not find a
signiiicant difference (p greater than
0.1).

In 1981, Weiss, Levin. and Goodman
(Ex. 84-039) reported the results of a
survey of 45 men aged 40 or more who
had worked 5 or more years in an
asbestos manufacturing plant. The
prevalence of pleural plaques was
greater in cigarette smokers: however.
there was some confounding of this
relationship by cumulative asbestos
exposure, which also seemed to
influence the prevalence of pleural
plaques. Weiss et al. stated:

“Conclusions are restrained by the small
number of workers in this investigation. A

clear-cut answer 10 the question as to
whether the association between plugues and
smohing is s;urious will require a much
larger resea-h effort. prelerahiy in 3 cohort
study 7 (Ex =004, p 420

Pearle (Ex. 84-079) surveyed 131
asbestos-exposed shipyard workers 1o
determine the relative conribution of
asbestos exposure and smoking to lung
funttion decrements and chest X-ray
abnormalities. Pearle found that both
cigarette smoking and asbestos
exposure reduced FEV1 (forced

expi-alory volume in 1 second) and FVC
(forced vital capacity). with combined
exposure baving @ “cumulative or
possibly synergistic effect” (Ex. 84079,
P. 39). Pearle also reported that both
smoking and asbestos exncsure
produced pleural and interstitial
abnormalizes and that sToking
appeared to be the primary factor in
airways obstruction and diffusion
impairment.

Berry. Gison. Holmes. Lew:nsohn.
and Roach {Ex, 84-020) studied 379 men
employed at an ashestos textile mill ag
of June 30.1966. Smoking histories were
available for 376 men. Mer were
classified es having never smohed. as
ex-smokers. or as current smohers {light.
medium. or heavy cigarette
consumption). The me:r cumylative
expasures ibers/cubic centimeter-
vears} were similar among the smoking
status groups, and age adjustments were
made to account for the younger ages of
non-smoke:s. Significantly greater
prevalances of crepitations and small
radiological epacities were observed in
heavy smchers and ex-smokers
compared to non-smokers and light
smokers. For example, 16% of heavy
smokers exployed after 1950 had small
radiclogics! opacities compared to 4.8
of never-smokers employed afier 1950,

Kilburn (Ex. 84-237) has reviewed the
studies of the relationship between .
cigarette smoking and X-ray evidence of
pulmenary £brosis. Kilburn criticized
Weiss's use of & definition for
pulmonary fibrosis other than that of the
ILO in his 1971 study, as well as the
small number of workers reported on in
Weiss'a 1971 paper and his other papers.
A study by Samet et al. which included
8 relatively large number of subjects
and which did not find an effect of
cigarette smoking on radiologic
abnormalities characteristic of
asbestosis was cited. Kilbumn concluded
that cigarette smoking neither produced

X-ray appearance of pulmonasy fibrasis
nor cont-:buted to fibrosis re: . ing from
asbestos exposure.

Insum~esy. there is som +. 4+
that smoning asbestos worke:s bave g
higher risk of mortality from ssheciosis,
as well as a higher prevalence of
crepitations. lung function decrements,
and small radiological opacities. This
evidence is inconclusive.

4. Attributing Proboble Et:slogies 1o
Lung Cancer Among Indivicuc!
Asbestos Workers. Enterline (Ex. B4-
126) analyzed the probabslity that any
single case of lung cancer in a person

with knowr exposure 10 ashes'os could
be attributed to the ashestos exposyre
His paper emphasized thal it cannot be
stated with ce~tointy that a -z cancer
it anindivid:al worker was due 1o
asbestos ex;ssure: rather. steclements
can only be made concerning
probebilities of cause and effect. He
canverted chserved relative risks into
probabilities using the followin
formula:

1% viead trapap bty o Lmg Lar e be'-g
Svt 10 ARe s (apasuren

et e Mg - 1} s iy

Using Selirofl et al.'s data on
insulators, where a relative risk of about
4.5 was obsenved for smoking asbestos
workers and non-smoking asbestos
workers al.ke. Enterline estimated a
probability of 75% that lung cancers
were attributzble to asbestos exposcre
for both smciing and non-smoking
asbestos workers (3.5/4.5> 100 is about
0.75}.

Enterline’s paper is important in
exploring the extent to which asbestos
can be considered the etiologic agent for
lung cancer in exposed workers.
However. in the case of smoking
asbestos workers, dichotomizing
causation as either due 1o smoking or
due to asbes!os does not seem
appropriate to OSHA, because of the
factor of syrergism between cigarette
smoke and asbestos. Using Selikofl et
al.'s data. probabilities of causation
were estimaied by OSHA for each
etiologic facior (See Tables 6 and 7).




' 51110,
*_

-~

.

b

i\

Federal Register / Vol :la. No. 215 / Friday. November 4, 1983 / Ru]u and Regulations

LUNG CANCER MOKTALITY EY SNGAING STATUSY

Tatle

/

Lung Cancer Rate per 100,000 per Year

Smoking Asbestos Insulators:

362.0

hen-3moking Asbestos [nsulators: 40,4

Smoiing U.S. Males: 4.

Non-Smoning w.5. Males §.7

Verom Selinoff et ai., 1579 (Ex. 56-080)

Tanle 7

PERCENT ATTRISUTAZLE RISK FROM ASBESTOS LXFCLUKE AND SMIRING

Lurg Cancer Risk

% Attriputaole Risk

Attributatie for Asbestos workers:
To: Formula Smoking  Non-Smok ing
Background 8.2 2.5% 22.5%
Asbestos alone 40.4 - §.2= 31.2 8.6% 77.2%
Smoking alone 74.4 - 9.2= 65,2 *18.0%
Interaction of 362 - 9.2 -

Smoking and 31.2 - 65.2 #

Asbestos 256.4 70.8%

49.59% 1G0%

While OSHA's calculations differ
from Enterline’s calculations of
sttributeble risk by including the
synergism factor. the probability
estimates do not differ much. According
to OSHA’s calculstions, esbestos
exposure contributes 1o 79.4% and 77.2%
of lung cancer deaths among smoking
ssbestos workers and non-smohing
asbestos workers respectively.

5 Summery. OSHA considers that

D I

D R T

thercby presenting o significant health
risk to exposed workers and a grave
denger under current exposure
conditions. Cigarette smoking by itself
can cause lung disease and lung cancer
Cigaretie smoke and ashestos exposare
appear to have a multiplicative
relationship for causation of lung
cancer. Mortality from ashestosis has
been repeorted 1o be increased in
cigarette-smoking asbrstos workers

radiologic abnormalities characteristic
of puimunary fibrosis have alse been
repcried to be more prevalent in

cig: sette-smoking ashestos workers: this
ryvicence is alse inconclusive. Ea.
smoking asbestos workers have been
repated to huve decreased lung cancer
rish relative to smoking asbestos
workers. There is no evidence for any
telationship between cigarette smoking
and tnduction of mesotheliomas and
gastrointeslinal malignancies.

E Relotive Carcinogenicity and
Toxiciiy of Different Fibers

1. Introductior, QSHA has reviewed
the data concerning the relative
Larcinogenicity and toxicity of different
a~bestus fiber types and has decided not
to mche distinetions in this emergency
temporary stundard by asbestos fiber
tvie with regard to regulatory
previsions designed to protect workers
fre= the harmiul effects of asbestos
exposure. Mainly., this is because lung
cancer is the leading cause of death
associated with asbestos exposure and
theie do not appear to be differentials in
Iuie cancer rish by fiber type.

Some investigators and commitices
huve sugeested that different fiber ty pes
of estiestos have differences in their
catunogenic petency, including
Enierline and Henderson {Ex. 84-122).
MiDuonald and McDonald (Ex. 54-154).
Wil et al. (Ex. 84-206). Achesot and ~
Gardner (Exs. 84015 and §4-243). Muir
(Fx. 84-350), and the Advisory
Ceomittee on Asbestos (Ex. 84-216).
These scientists generally believe that
cracidolite and amosite are more
cuarcinogenic than chrysptile and
arthophyllite. Based on these scientists’
recommendations. both the United

Cornada huve promulgated the following
stendards for asbustos:
0.2 {Lers per cubic centimcter (0.2 /e
for crocidolile
0.5 fbers per cubic centimeter (0.5 {/ce)
for emosite
1 fi%er per cubic centimeter (1 {/cc) for
chrysotile and all other forms of
ashestos
Recently, the United Kingdom has
sncounced reductions in the limits for
chrysotile and amosite. It is important to
no'e thal the question of differentials in
potency by fiber type primarily concerns
induction of mesotheliomas. not
ashestosis and lung cancer. For
mesothelioma, Acheson and Gardner in
1970 described “a powerful case. * * °
that crocidolite has beeq more
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fiber type differentials in risk from lung
carcer and asbestosis 83 “inconclusive”
and “slight” respectively (Ex. 84-216. p.
11).

In 1983, Acheson and Gardner stated:
“Perilones] mesothelioma has an almost
exclusive relationship with exposure 10
the amphiboles crocidolite and amos;te”
(Ex. 84-243, p. 8). Concerning lung
cancer, they noted that although one
study (Weill et al., Ex. 84~206) had found
8 higher risk among workers exposed 1o
crocidolite, no “clear distinction” of risk

by fiber type could be found when the

slopes of dose-response curves were
corpared. Hence, they concluded that
available evidence did not support the
assumplion that chrysotile was a less
potent lung carcinogen {Ex. 84-243, p. 8).

In 1983, the Chronic Hezard Advisory
Pane! on Asbestos (CHAP) convened by
the U.S. Consumer Product Safety
Commission also reviewed the evidence
for fiber type differentials in
carcinogenic risk (Ex. 84-256}. They
concluded that there were inconsistent
and inconclusive findings with regard to
lung cancer differentials by fiber type.
For peritoneal mesothelioma. CHAP
concluded that epidemiologic studies
suggested that this disease was most
common in amosite workers, less
commaen in crocidolite workers and rare
or non-existent in chrysotile workers.
Evidence [or a fiber type differential in
pleura! mesothelioma rish was not
considered by CHAP 1o be as
substantial as for peritoneal
mesothelioma.

Sore health scientists who believe
that evidence links crocidolite exposure
1o a substantial increase in
mesothelioma risk have suggested
separate regulatory treatment for
crocidolite {Ex. 84-215) OS!A has been
urged to consider requiring that workers
exposed to crocidolite or asbestas
mixtures containing crocidolite wear
appropriate respirators, irrespective of
airborne concentrations of asbes!os and
irrespective of compliance with the
permissible exposure limit. Furthermore,
OSHA has been urged to consider
requiring that employees exposed to
crocidolite be informed of the potential
greater risks associated with crocidolite
and the reasons for requiring respirator
usage whenever crocidolite exposures
occur. OSHA invites comments on this
suggestion and on other alternative
approaches lo separale regulatory
treatmen! of crocidolite.

There are also scientific questions
concerning the relationship between
fiber dimensions and ability to cause
disease. OSHA be.ieves that ashestos
fibers longer than 5 micrometers {um)

width is 31 or grester. Evidence lor risk

from fibers less than 5 pm in length is
inconclusive,

A critical analysis of the evidence
concerning risk differentials by fiber
type and fiber dimension foliows.

2. Epidemiologic Dota—Introduction:

Commercial asbeston fiber types
including smosite. chrysotile. and
crocidolite. have been observed to be
gssociated with elevated risks of
asbestosis, lung cancer, and
mesothelioma whether exposures

occurred to a single fiber type or to

various combinations of fiber types
(NIOSH/QOSHA. 1880, Ex. 84-320). -
Excess Jung cancer risk and asbestosis
have been chserved in anthophyllite
asbesios workers, however, no cases of
masothelioma have been reported
among anthophyilite workers.

For amasite. an essociation between
expesure and disease has been
observed by the following investigators:
Seidman et al. (Ex. 84087}, Anderson et
al. (Ex. 84-017), and Murphy et al. (Ex.
B4-311). For chrysotile, the following
investigators have obtained positive
findings: McDonalg et al. (Ex. 84-065).
McDonald end Fry (Ex. 84-064). Liddell
et al. (Ex. 84+-059). Nicholson ot al. (Ex.
B4-072). Rubino et al. (Ex. 84-086).
Dement et al. {Ex. 84-037], and Acheson
and Gardner {Ex. 84015} For
crocidolite. positive findings were
observed by the following investigators:
Jones et al. (Ex. 84-138), Hobbs et al.
{Ex. 84-132) and McDonald and
McDonaid {Ex. 84-154). Meurman et al.
(Ex. B4-1B1) observed an excess lung
cancer risk among enthophyllite miners
in Finland. In addition, numerous
studies have ohserved asbestosis, lung
cancer, anc mesothelioma among
worhers exposed to mixed fiber types
{Hughes and Weill. Ex. 84-135; Weil} et
al., Ex. B4-206: Jones et al.. Ex. 84-138:
Berry et al.. Ex. 84-020; Elmes and
Simpson. Ex. 84-042: Peto et al., 84~80:
Lacquet et 2., Ex. 84-144: Selikoff et al.,
Ex. 84-089: Robinson et al., Ex. 84-082:
and Balselga-Monte and Segarra, Ex. 84—
019). Also, several studies of talc miners
and millers. where the talc contained
tremolite and anthophyllite, have
observed excesses of lung cancer and
ling disease, snd reductions in
pulmonary function (Kleinfeld et al., Ex.
84-140, 84-141; Brown et al., Ex. 84-025:
Gamble et al.. Ex. 84-181}. In addition,
zeolite, an asbestiform mineral found in
the soil and water in two villages in
Turkey, may be responsible for those
villages’ high mortality rates from
mesothelioma [Artvinli and Baris, Ex.
64-018; Baris et al.. Ex. 84-110).

OSHA is not aware of any

within the same industrial process.
Undoubledly. this is due to the scarcity
of such occupational 870UpS since most
occupational populations have been
exposed to 8 mixture of long and short
fibers. Therefore, most of the data on
differential risk by fiber size are from
experimental studies rather than
epidemiologic studies and will be
discussed in section (D)(3) Experimental
Deta.

Evaluating the relative carcinogenicity
of the different ashestos fiber lypes

involves comparison of results from
different epidemiologic studies. OSHA
believes that itis important o note the
poiential difficulties of comparing
different occupational cohorts.
Stardardized Moriality Ratios [SMR's}
are risk measures that are dependent on
the age distribution (as well as other
factors) of the particular study
population. This is because the values
used for comparison, referred 10 as the
expected values, are derived from
mortality rates specific for age. race,
sex. and calendar period in the
comparison population. Cancer risk
tises with increasing age. so that an
older population would have higher
expected values for cancer mortality.

Misleading results may be obtained
when comparing risk measures for
carcer among study populations with
different underlying age distributions.
An example of the misleading results
that may be obtained in such an
instance is given in Ex. 84-335, which
illustrates that SMR's of diverse study
populations may be the same while the
actual excess risk of mortality may vary
greatly because of differences in age
distribution. Sex and calendar period of
observaticn also affect expected values.
because women have lower mortality
rates from lung cancer and lung cancer
has risen greatly since the 1940's. Length
of follow-up is another pivotal variable
because of the long latency periods
necessary for development of lung
cancer and especially mesothelioma.

Epidemiologic Studies of Lung
Cancer. Mesottelioma, ond Absestosis:
The following studies examined the
question of differential lung cancer risk
by asbestos fiber type by comparing the
mortality experiences of different
occupational cohorts: McDonald and
McDonald {Ex. 84-154), Henderson and
Enterline (Ex. 84~048). Weill et al. (Ex.
B4-206), McDonald and Fry (Ex. 84-064).
and Acheson et al. (Ex. 84-015). Some of
these studies slso addressed the
question of differential mesothelioma
risk by fiber type. Some additional

atndiee of wnrl ere savraesd 1n a8 cinole
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* Including McDonald et al. (Ex, 84-065).
Hobbs el al. (Ex. B4-132), Weiss (Ex. 84-
048}, Dement et al. (Ex 84-037). end
Berry und Newhouse (Ex. 84-021).
McDonald and McDonald (Ex. 84-154)
suggusted that crocidclite was more
tarcinogenic than chrysotile based on
their comparison of the moriglity of
Canadian chrysotile miners and millers
with thet of Canadian workers
menufacturing crocidalite-containing

gas wasks. For gus mask workers, 13%
and 16% of the observed deaths were
from lung cancer and mesotbelioma
respectively. In contrast, 65 and 0.26%
of the observed deaths among chrysotile
miners and millers were from hung
cancer and mesothelioma respectively.
Ore potential problem wzs that the
personnel records of the crocidolite
workers were incomplete, which coujd
result in biases loward ol erving
grealer or lesser risk in this cohort. An
unpublished report by Dr. Hun K. Kany
(Ex. 84-139) commented as follows on
this comparison:

(1) Two major potentizl confounding
factors, fiber size distribution and fiber
.concentration, were not analvzed by the

authors, If the gus mask plants had
higher fiber concentraticns and/or a
hizber proportion of lung thin fibers then

the mines. a higher cancer rish would be

expected in the plants.

(2) Comparison of rish meesures such
as Standardized Mortalit; Ratios
(SMR’s) end Proportionate Mortality
Ratios (PMR's) might not be appropriate
between the two occupational cohorts
because of potential differences in age
distribution and length of followap
peried.

Henderson and Enterline {Ex. B4-038)
compared mortzlity of retired workers
exposed to different asbestos fiber
tvpes. Alter adjusting for d:ficrences in
cumulative dust exposures. Henderson
and Enterline reported the following
respiratory system cancer SMR's for
workers in an asbestos fuctory and
workers manufacturing esbesios
cement: 247 for workers receiving
chrysotile axposures only, 364 for
workers receiving amosite exposures
only, and 481 for workers receiving
combined expasures to chrysotile and
crocidolite. Asbestos cement pipe
workers bad a very high lung cancer
SMR of 522 KHenderson and Enterline
stated: "Men who worked in the
production of asbestos cement pipe
exhibited & higher risk of respiratory
cancer, as did men with some
crocidolite ssbestos exposure. Because
these two groups overlsp. we could not
be certain that crocidolite asbestos was

responsible for the increased risk” (Ex.
RA_ARAY

Concerning Henderson and Enterline's
findings. OSHA notes that the asbestos
cement pipe exposures may have been
dustier than earlier estimates indicated
and that somre of the workers thought to
have becn exposed only to chrysotile
may have had indirect exposure to
erocidolite. Also, workers in the
asbestos cement pipe operation
probebly were exposed mostly to
chrysotile (Keng. Ex. 84-1 39). Another
potentia) confounding fuctor was that
exposure levels were uncertain for each
group of workers.

Weill. Hughes. and Waggenspeck {Ex.
84-208) studies the mortality of asbestos
cement pipe workers in two plants. In
the first plant. workers were exposed to
both crocidolite (3% of product) and
chn sotile. In the second plant, workers
were exposed to chrrotile. amosite (1%
of product]. and crocidolite
{irfiequently).

Weill et al. reported respiratory
system carcer SMR's as follows for

. wurkers receiving cumulative asbestos

exposures greater than 200 million
particles per cubic foet-months (mpcf.
months) during the &rst 20 vears of
empluyment:

No crucidolite expoeyre o GMR = 182

Intermittent exprcure 10 crocido-
]te-S\iR =357

Steady exposere e crocidulite oo SMR = 241

OSHA notes that the spparent
differences in lung cancer rish by fiber
type observed by Weill et ai. are based
on relatively small numbers of deaths.
Hence. statistical variation may be
considered & possible explanation for
the observed differences. It is not known
if the 75% fullow-up rate may have
contributed to these apparent
differences.

Weill. Ziskind. Waggenspack. and
Rossiter (Ex. 84-207) suggested that
crocidolite exposed workers had poorer
pulmonary function than workers
exposed {o other forms of asbestos.
They reported that crocidolite workers
had smaller lung volumes, # higher
prevalence of X-ray changes. lower
FEVY'a, and reduced diffusing capscity.

Note.—FEV1 refars to the volume of uir
forcibly expired in one second, and diffusing
capacity refers to the ability of exygen to
leave the alveot: and enter the pulmonary
bloodsiream. Reductions in FEVY and
diffusing eapacity are indicative of impaired
lung function.

A comparison between Cansdiap
chrysotile miners studied by McDonald
et al. [Ex. 84-085) and Aastralian
crocidolite miners studied by Hobbs et
al. (Ex. 84-132) has been made by Kang

One or more veurs of emplovment and ai
leust 15 yeurs of follow-up had a Ling
capcer SMR that was appronimately
twice s high as that of Queliee miners
with ane or more years of emplovment
ind at leasl 20 vears of follow-up.

Comparison of these two groups of
miners is problematic because of

poteniial differences in age distribution.
fiber concentrations. and length of

employment (Kang, Ex, 84-139)

Acheson, Gardner, Pippard, and
Grime (Ex 84-015) studied mortality of
femate workers manufacturing mostly
chrysoti!e-containing gas masks in one
plant (Plant 1) during 1939 and female
workers manufacturing mostly
crocicolite-containing gas mashs and
gome chrysotile-containing gas masks in
& sezcnd plant in 1839 {Plant 2). Piant 2
hed & larger excess of mortality than
Pient 1. Ages at initia) empleyment were
very similar at tbe 2 plants. At Plant 1.7
lung cancer deaths were observed
versue 4.8 expected {SMR =145,
Stobsiically non-significant). One death
from pleura) mesothelioma was
observed in & female worker frum Plant
1

At Piunt 2. 15 lung cancer deaths were
observed versus 6.2 expected
{SMR=241. p less 0.01). Musothelioma
was mentioned an 5 women’s death
certificates, 3 of which coded
mesothelioma as the underlying cause of
desth. A statistically significant
increase in ovarian cancer mortality
was also observed el Plant 2 (12 deaths
cbserved versus 4.4 expected,
SMR = 275. p less than 0.01}. Possibly.
the deaths certified as due 1o ovarian
cancei may have actually been
misclessified peritones] mesotheliomas

Acteson el al. concluded that “the
patiern of mortality is consistent with
the view thet mesothelioma (and
possibly ovarian cancer) is particularly

- assucizted with exposure 1o crocidolite”

(Ex. 84-015. p. 347).

Acheson et al.'s study has 2
advantages relative to other studies of
populations exposed to different
asbestos fiber types: both the age
distributians and lengths of follow-up
were similar for Plant 1 and Plant 2.
Neither air concentrations nor durations
of employment were reported for the 2
plants. however. Because Plant 2 had
been operating longer than Plant 1, Plant
2 workers may have had a grester
median length of employment. Manual
menufacturing processes were employed
at Plant 2. while mechanical processes
were employed al Plant 1. Perhaps the
manual process led to higher dust
exposures for the individual workers ot
Pant ? Yol 4 in alerm rnrmaihic vhot tha
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the ¢imeters of the fibers. rendering
thir. core hazardous OSHA eonsiders
thit th.s study provides suggestive
evidenie for g fiber 1ype difterential in
mesothehoma risk; however, this
evidence is nol eanelusive because of
the lach of information on the air
concentrations and durations of
emplovment.

Both plants had excesses of lung
cance: mortality, although only the Plant
2 excess was statistically significant.
OSHA calculated that the statistical
power to detect a $0% increase in lung
cencer risk wes only 19% 4t Plant 1.
Civer the low power to detect incressed
rish a! Plant 1, OSHA helieves the
stetistically non-sign ! cant excess of
lurg tancer at Plant 1 chezld net be
disregarded. Also. Acteson et al.
caivilated 95% conlidencze intervals for
'ung cancer mortalin as 135-387 for
Plant 2 and 56-2u8 fur Plunt 1. In
OSHA's view, these overlupping
confidence inter als for the 2 plants
irdicate that the abscned differences in
turg cencer mortality cannot be
considered statistically different. Hence.
OSHA concludes that Ackeson et al.’s
s'udy does not establish the existence of
2 difTerential in lung cuncer risk by fiker
twpe in these 2 occupatonal coherts.

Weiss (Ex. B4—09 s*udied a cohort of
2r5 production workers in a paper and
millbioard favtory. Tois fartory had used
anly chrysotile asbestos. Nu increased
rortelity from Jung cancer was
abserved among these workers {4 lung
cancer deaths observed versus 4.32
expected). Two men died of abestosis.

OSHA noted limitations of Weiss's
study that include lack of asbestos
exposure data end very low statistical
power. OSHA calculated that this study
had on’y 20 8% power to detect a2 530%
increzse in lung cance: risk. Hence,
OSHA does not consider Weiss's study
us reliable evidence of low cancer risk
among chry sotile workers.

Dement et al. (Ex. 84-037) observed a
high lung cancer risk 2mong chrysotile
textile workers (35 deaths observed
versus 11,10 expected SMR=315). A
high risk of mortality from non-
malignant respiratory diseases.
including asbestosis. was also observed
in this cohort {28 deaths observed
versus 9.53 expected. SMR = 284). One
peritoneal mesothelioma was confirmed
by autopsy. Several other death
certificates listed “cancer of the
sbdomen.” but the suthors were unable
to obtain additiona! data to determine
whether these particular cancers were
sctually mesotheliomas. Expected
values for mortality were derived from
U.S. mortality Tales.

e N T T

mortality in their chrysotile exposed
cohort compared to cohorts of chrysotile
miners and Giilers mov heve been Jue
to different Liber size distributions.
Using expected values of lung cancer
mortelity derived from the South
Carolina county in which the chrysotile
textile plant was located. instead of U.S.
mortaiity rates. would have reduced the
lung cancer SMR's for the cohort
because lung cancer mortality rates
were 75% higher in the county than in
the Uniled States as @ whole. Dement ot
al. considered use of the county rates to
be inappropriate because of the
probable contribution of 4 nearby
shipyurd 43 well as the study plant to
the elevuted lung cancer rates in the
county. State (South Carolina) mortality
rates from lung cancer were similar to
those of the United Siates.

Dement.e! al. also addressed the
possibility of confounding effects fiom
sinohing. Questionnaires administered
in 196+ and 1971 to workers employved a1
the plant did not indicate that the study
cohort had a higher presalence of
smohing crmpsted to the US,
population.

OSHA regards Dement e! ub.'s study
s strong evidence ol the potential for
high lung cancer risk from exposure 1o
chrysotile.

McDonald cnd Fry {Ex. £+-064)
published & prelimingry report on their
study of 2 asbestos faclories [Plants A
and B) where chrysotile was used

-exclusively and 1 factory (Plant C)

where chrysotile, amosite, and
crocidolite were used. Plant A was the
study plant reported on by Dement and
colleagues. Plant C had previously been
studied by Robinson and colleagues.
Respiratory system cancer mortality
Wids in eacess al ail 3 plants. Expectled
values for each plan! were derived from
the age, sex, and cause-specific
moriality rates of the states in which the
plants were located. SMR's were
calculated beginning 20 years after
initial employment at the plants. Air
concentrations were highest in Plant C,
mext to highest in Plant A, and lowest in
Plant B. Criteria for inclusion in the
study cohorts were: (1) One month or
more of employment by January 1, 1959,
and (2) heving any Sozial Security
Administration files. Vite] status was
determined as of December 31, 1877,
The overnl! respiratory system cancer
SMR was 285 at Plant A, confirming the
high tung cancer rish observed at the
same plant by Dement and colleagues.
Furthermore, McDonald and Fry noted
ths! their inclusion of clerical workers
and workers with 1=5 months of
exposure in the cohort, unlike Dement et

workers employed 14 vears at Planis A
B. and C. respiratory system cancer
SMR's were 225, 149, and 41 '
respectively. Among male workers
employed 20 or more years at Plants A,
B. and C, respiratory svstem cancer
SMR's were 315, 168, and 140
respectively. The lower respiratory
cancer risk in men in Plant C was
unexpected. given the higher air
concentrations in Plant C.

A different pattern of respirutory
system cancer risk was apperent for
female workers compared to male
workers; however, the female mortality
rates were not stable because of the
small number of deaths. Female workers
in Plants A, B, and C had respiratory
system cancer SMR's of 234. 348, and 52
respectively.

McDonald and Frv characterized the
differences in the distribution of
mesoitelioma deaths among the 3 plants
as "striking.” Plant A had 1 death from
mesothelioma [=0.1% of all deaths) and
Plant B had no deaths from
mesothelioma. Plant C had 18 deaths
from mesothelioma {1.26" of all deaths).
Possibly. an even greater number of
deaths {rom mesothelioma occurrred at
Plant C. due to unrecogrized cases being
codrd as abdominal cancers or other/
unspecified cancers.

Rotinson et al. (Ex. 84-062] had also
obiserved a high mesothelioma risk
among workers at Plant C. McDonald
and Fry considered the probahility of
missing rue cases of mesothelioma st
Plants A and B to be low because of
good cancer case ascertainment in the

- areas where these plants were lorated.

McDonald and Fry stated that exposure-
response relationships at the 3 plants
might be clarified afier the individual
subjects were clessified by exposure
levels.

OSHA considers the following points
important for interpreting the findings of
McDonald and Fry. Although McDonald
and Fry stratified by duration of
exposure for their inter-plant
comparison of lung cancer mortality.
other important variables were not
controlled for, including age at initla}
empleyment, fiber concentration. and
length of follow-up. Plant C, which hed
the greatest number of deaths from
mesothelioma, also had the highest
exposure levels. Hence, OSHA
considers that the differentials in
mesothelioms risk among the 3 plents
are suggestive, but do not conclusively
demonstrale increased mesothelioma
risk from crocidolite relative to other
ashestos fiber types. Of interest is the
finding of higher lung cancer risks at the

= e i gttt
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* concentration, sge dis!ribution. and
length of follow-up need to be controlled
for when comparing lung cancer rigk of
different cohorts.

Berry and Newhouse [Ea. 8+021) and
Newhouse. Berry. and Shidmore (Ex. 84-
163) studies the mortality of & cohort of

~ workers manufacturing friction
materials. Exposure was o chrysotile
exclusisely, except during 1929-1933
and 1938-1944 when a smal| percentage
of the workforce was exposed lo
crocidolite. Asbestos exposures were
low in the plant: only 5% of the male
workers accumulated as much as 100 i
¢c-years. The only cause of death in
excess was mesothelioma. To examine
etiolog:c factors for mesothelioma. a
matched case-control study was
conduc‘ed for 10 mesathelioma cases.
For ecch case. 4 con'rols were selected
from the plant. Controls were matched
on vear of hire at the factony. sex, age,
and duration of employment. Definite
crocideiite exposure was discovered in
the occupational histories for 8 of the 10
mesothelioma cases and for 3 of the 40
controls About 90% of the cases and
25% of the controls had been exposed to
levels of chrysotile eaceeding 5 f/cc.
When Berry and Newhouse limited their
comperison 1o those cases and matched
controls who had been exposed to over
5f/cc of chrvsotile. a statistically
significant greater number of cases had
@n gccupational history of exposure to
crocidal ie as well,

Matcking the controls for the
mesothelioma cases on vear of hire
controlled for the important factor of
length of foliow-up. OSHA considers
that both crocidolite and chrysotile are
implicated in the causation of
mesothelioma by this study: chrysotile
because 507 of the cases received high
chrysstile exposures compared to 25% of
the controls. and crocidolite because
80% of the cates compared to 7.5% of the
controls bad been exposed to
crocidolite,

The Chronic Hazard Advisory Panel
on Asbestos (CHAP) compared lung
cancer risk per unit of cumylative
exposure (afso known as K, the lung
cancer potency factor) among the
cohoris exposed to different fiber types.
CHAP reported that studies of chrysatile
workers vielded both low and high
values of K, as well as studies of
crocidolite workers and amosite

workers. Hence. CHAP considered that
evidence for 8 differential in tung cancer
risk was mixed and inconclusive (Ex.
83-256).

Pattolocy Stud-es: Wagzner. Borry,
and Pooley (Ex. 84-202) examined the
asbestos contents of tissue samples of
lungs of asbestas textile workers who
died from mesothelioma and other
causes. Wagner et al. did not find either

higher chrysotile or higher cracidolite
contents in the lungs of the

mesothelioma cases compared to the
lungs of asbestos workers who died
from other causes.

McDonald, McDanald, end Poaley
(Ex. 84-175) conducted a study of the-
mineral filber contents of lung tissues for
89 autopsied mesothelioma cases and 99
autopsied cortrals. Controls matched for
sex and zge were selected for each
mesothelioma case. All cortrols had
been diagnosed as having pulmonary
metastases from a primary cancer cther
than lung cancer. Lung tissue specimens
were examined for mineral fiber content
using an eleciron miscroscope and X-ray
encrgy-dispersive analyzer.

Chrysotile. amosite. crocidolite,
anthophyllite. and tremolite were
detected in the lung specimens of the
cases and contrels. For amosite and
crocidelite. about 3 tinves as many
mescthelicma cases as contrals had
more then t million fibers per gram of
dried lung tissue. For anthophyllite,
twice as many cases as controls had
more thar 1 million {/gram. For
chrysotile and tremolite. litle difference
in fiber contents was observed between
cases and controls,

McDonald. McDonald, and Pooley
stated: “The equal quantities of
chrysotile fibers fourd in lung tissye
from cudes and controls fail to support
any associstion between this mineral
tvpe of asbestos and mesothelial tumors.
However. the lung chrysotile fibre
con'ent at death must be interpreted
cautiously, as these fibres probably
disappear in the course of time" (Ex. 84~
175, p. 420). ~ -

There are several points to consider
concerning McDonald et el.’s study.
Firs\. if the fibers responsible for
inducing mesothelioma were also
responsible for inducing cancers at sites
ather than the lung and mesothelium,
then a true effect of a fiber on
mesothelioma genesis could fail to be

detected because of the stipulation tha!
al controls had to have pulmonary
metastases. Castrointestinal cancers
sometimes me‘astasize 1o the lung. and
some studies Five observed eacesses of
gastrointeslinal cancer among ashestos
workers. Secarnd. since chrysotile

constitutes up 10 90% of commercially
used asbestos and since asbesios
exposure is ubiquitous. one woyld
expect controls to have chrysotile fibers
in their lurgs. The widespread exposure
to chrysotile could obscure g trye

relationship between chrysotile and
mesothelioma. '

McDonald et al. suggested that
chrysotile may be cleared faster from
the lungs thar. other esbestos fibers. S0
that thrysotile relention in the lungs
ma) no! be the best wav to estimate
chrysotile expasare. Rowlands. Gibbs.
and McDorne!d (Ex. 84-178) suggested a
lendency for chrysotile to be removed
from the lungs because of their -
cbservation that the quantity of
tremolite in the lungs of Quebec miners
and millers wes similar to that of
chrysotile. desrite the miners much
grealer exposcre to chrysotile. In
general, OSHA believes that the results
of autopsy studies of fiber content of
lungs cannot senve as direct measures of
risk differentic!s by fiber type.

Mesothelioms Findings: As mentioned
in the introduc’ion to this section. the
primary basis for the hypothesis that
crocidolite is more carcinogenic than
other forms of asbestos is the observed
variation in mesathelioma mortality
ameng cohorts exposed to different fiber
vpes. A summsry of the percentage of
deaths from mesothelioma among
cohorts exposed to different fiber types
follows.

Meurman et al. (Ex. 84-256), who
observed excess lung cancer mortality
among anthophyllite miners. did not find
any deaths from mesothelioma in their
cokort. In Seidman et al.’s cohort of
amosite insulation production workers.
& total of 14 mesotheliomas were
identified by death certificate or
pathological reports (Ex. 84-087). These
14 deaths from mesothelioma
constituled 2.7% of totz] deaths in this
cohort.

Cahorts of chrysotile workers had
relatively low percentages of deaths
from mesothelioma:
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Table 8

KCSCTHELIOMA DEATnS AMUNG COMORTS OF ChRYSUTILE WORKZKS

Stud[

McGorald et a).
{Ex. 84-065) - winers -

Nichglson et 41, .
(Ex. B4-072) - miners

Dement et ai.

3 of ceatrs from mesgine)ioma

0.3

0.5

0.5

(Ex. B4-037) « textile workers

Rubino'et al,
{Ex. 84-086) - miners

* Hammiond et al. however, ohsered a
tigker percentage of deithe from
mesathelioma (Fx. 84-047). Hammond et
al. stidied insulation workers exposed
predeminantly to chrysotile and to some
amosiic. but not to crocidelite. From
death certificates and other clinical
material 175 deaths (7.79) were
aitzibuted to mesotheliome out of a toty)
of 2271 deaths. Peto (En,. B4-168] studied
i Intlony which used mesily chrisutiie
and somc crocidolite. and fuend a high
mesctheliome risk. Rabinson et al. {Ex.
84-062) observed 4% of deaths from
mescthelioma in a cohert where the
fuctory used the following percentages
cf asticstos fiber types: chnsotile—go¢,
amosite=—0.9% and crocidelite—0.07%, *

Among crocidolite workers.
AMcDenald and McDoneid {Ex. 84-154)
obscrved 16% of deaths from
mescithelioma. Jones ot al. obsered 10%
of dewths from mesothelioma [Ex. 84—
138;. McDonald and Fry (Fx. 84-064)
observed 1.26% of desths fSon
mesothelioma, and Hobbs et al, (Fx. 84-
132) obsenced 9% of deaths from
mesothelioma.

The Chronic Hazard Advisory Panel
on Asbestos {CHAP] stated that
peritonea! mesothelioma “appears to be
fmost common in workers exposed to
amosite, less often lo crocidolile, and
rarely or never to chrysotile” {Ex. 84~
256. p. 127). However, CHAP noted the
large variation in peritonea}
ruesothelioma mortality among
crocidolile worhers. the leck of risk dats
expressed in terms of unil exposure. and
the frequent misdiagnosis of perituneal
mesothelioma, Consequently, CHAP
suggesied that {actors other than fiber
D pe. such as fiber dimension, may be
important for induction of peritoneal
mesothelioma. For pleural
mesothelioma, the differences in
mortality among cohorts were not as

mached a¢ for petitonea! mesothejoma,
according to CHAP (Ex. 84256, p. 126).
wmren of Epidemiologic Dete: In

sumimary. theie is evidence that all
commercia. asbiestos filier types. except
for anthezhyllite, cause ashestosis,
mesotheloma, and lung cancer in
humans. Anthophyiiite has been shown
1o couse lung cancer and ashestosis. bul
no mesathelicmas have been reported
among weorkess expesed to
anthophyiiite. For lung cancer, OSHA
views thi evidence for diffesentials in
rish by fler type as inconclusive and
inconsisiont Scoe studizs have found
that chrs sotile workers have roughh the
same o1 kigker risk of lung cancer
compared to workers exposed to
amphibie fibers, while other studies
have found that chrysotile workers had
samewhat lower relative rishs of lung
Cancer. As discussed by CHAP with
regard 1o heir comparison of lung
Cancer risa per unit of cumulative
EXposure. consistent pattens of higher
Jung cancer rish amorg workers exposed
ta crociczlite and amosite did not
emerge. With some exceptions.
comparians of lung cancer rish among
occupaticnal cohorts eaposed to
differcnt fibers generally have fuiled to
control for the following vuriables: Fiber
concentrations. age distribution. and
length of obscrvation. These variables
arc sufficiently important determinants
of asbestos-induced lung cancer risk
such that OSHA believes these
particula: cross-cohort comparisons
provided inconclusive evidence
eoncerning differences in carcinogenic
potency of the verious fibers. Other
importar.t variables that may confound
cross-cohort comparisons are fiber size
distributions. hygicnic measures
instituted by the companies. and
resnirator wee.

The evidence far a Ailfornmtic ] tm

mesothelioma risk. particylurky
peritoneal mesothelioma, by fibes 1y pe
is more consistent thun for lung canewr.
Nonetheless, this evidence apprars not
1o be conclutive because of 1. il by
mest investigalors 1o contro! for
important variables when COmparing
different occupational cohorts.
Mesothelioma risk is affecteg by the

same variables that determine the _
degree of lung cancer risk. Furthermore,
mesothelioma has a longer latency
perind than asbestos-induced lung
Cancer and rises exponentially with
increasing time since initiol eXposure,
such that length of observation is a
vaniable that must be contro!led for in
cross-coher! comparisons.

Chrysotile is a lung carcinogen for
Fumans. Even if chrysotile could be
delinitively shown to induce fewer
mexothelivmas than the other farme of
esbestos, OSHA believes that
epidemiologic studies indicate that
chrysotile poses a significant heu!'s rish
to humans by inducing lung carcer and
ashestosis,

# OSHA his concluded that fiber type
ir not an important determinant of lung
cancer mortality arising from ashestos
exposute. Because lung cancer is the
major cause of excess mortality umeng
astestos workers. OSHA does not derm
it appropriate to permit higher levels of
expasure to chrysotile than to other
asbestos fiber types on the basis cf the
pessibility that chrysotile may induce
fewer mesotheliomas than the
amphiboles {amosite, crocidolite). »

3. Experimentol Dato. OSHA believes
that numerous studies of laboratory
animals exposed to asbestos have found
that the dimensions of fibers rathie: than
types of fibers are major determinents of
rish for lung disease and cancer
{Harington. Ex. B4-131: Pott, Ex. 84-173;
Stanton. Ex. 84-93, 84-195; Wagnet et
al.. EX. 84-198: Wright and Kuschrer. Ex
84+-210). Aspect ratios (i.e. length to
width ratios) of fibers have also been
suggested as fuctors influencing
carcinogenicity [Bertrand and Pezeral
Ex. B4-114). Because fiber size
distribution appears to affect disease-
cuausing potency, the source of the
asbestos used for laboratory
experiments and the methods used to
preduce the asbestos “clouds” shuuld be
cornsidered when interpreting the results
of laboratory experiments.

Chrysotile, amosite, and crocidolite
have all induced cancer in animals upon
adminisization by inhalation. injection
and implantation (NIOSH, Ex. B4-338:
NIOSH/OSHA, Ex. 84-320. Wagner et
al. Ex. 84-205; Davis et al., Ex. B4-120).

) o VP T S R T T T . T o T S T



‘51116

.
Federal Register / Vol. ... No. 215 | Friday, November 4. 1983

o
| rules and Regylations

———

« produced more fibrosis in rals via
inhalation than did UICC amosite,

Factory samples of chrysotile. however.
produced a similar degree of fibrosis via

inhalation compared to factory samples
of amosite.

Wagner et &l. conducted inhalation
sludies of 5 UICC asbestos samples (2
chrysotile. 3 amphibole) in C/D Wistar
rats. and found similar degrees of
pulmonary fibrosis and lung tumor
incidences for all exposed groups (Ex.
84-096). [The Union Internationale
Centre Cancer fUICC) was the source
for the asbestos fiber samples used in

the studv.] Aniinals exposed to the 2
chrysotile samples retained much less
dust in their lungs at the end of the
exposure periods than the 3 other
exposed groups. Concerning this study.
the NJOSH/OSHA Asbestos Work
Croup commented: “In terms of degree
of response related to the quantity of
dust deposited and retained in the lungs
of rats, chrysotile appears 1o be much
more fibrogenic and carcinogenic than
the emphiboles” [Ex. 84-320. p. 13). Of
interes! were the mesotheliomas
occurring after only one day of exposure
to amosite and crocidolite.

Intrapleural administralion of varicus
Torms of asbestos procuced the
following incidence of mesotheliomas:
crocidolite—61%. amosi'e—36%,
anthophyllite—34%. Canadian
chrysotile—30%, and Ryodes an
chrysotile—10% (Wagrer et al. Ex. 84—
197}, In contrast, Stanton and Wrench
(Ex. 84-338) did not observe differences
in mesothelioma incidence by fiber type
with intrapleural implantation.

Chrysotile may act as a co-carcinggen
in addition to acting as a primary
carcinogen. Kurg-Vosamae and
Vinkmann {Ex. 84-143) observed a
strong interaction betwesn chrysotils
administered intratracheally and N-
nitrosodiethylamine administered orally
with regard to production of lung tumors
in hamsters. N-nitrosodiethylamine has
been demonstrated to be carcinogenic to
many different species by many
different routes of administration.

In 1977, Stanton, Layard, Tegeris,
Miller, May, and Kent published the
results of tests of 17 fibrous glesses of
varying types and dimensions (Ex. 84
093). These fibrous glasses were
implanited in the pleurae of female
Osborne-Mendel rats. and surviving
animals were sacrificed after 2 years,
Statistical analyses indicated that the
fibers less than or equal 10 1.5
micrometers {um) in diameter and
longer than 8 um produced the highest
incidence of pleural sarcomas. Fibers
less than 8 um in length appeared to be

fimarcrtivated he, b -~

particles by phagocytes, which are cells
that usually digest these particles in
order 1o protect the body from them.)
Stanton et al. stated: “Since neoplastic
response to s variety of tyres of durable
hbers, particularly asbestos fibers, was
similar, our experiments reinfosce the
idea that the carcinogenicity of fibers
depends on dimension and durability
rather than physicochemica) properties
and emphasize that all respirable fibers
should be viewed with caution” (Ex. 84~
093. p. 587). .

OSHA believes thal Stanton et al.'s
sludy has important implizations for the
question of fiber type differentials in
risk. The study suggests that any
observed differences in risk by fiber ’
Iype may be due to differences in the
fiber size distribution witkin the
workplaces being compared rather than
inherent chemical properties of the
parlicular fibers. Stanton et al.'s study
suggests that fibrous materials besides
aSbESfOS Cen pI‘OdUCE a carcinogenic
response in both the pleura and
peritoneum. provided that these
materials possess carcinogenic
dimensions. Among the fibrous

materials demonstrated by Stanton et al.

te produce malignant tumors following
implantation are: All forms of asbestos,
including amosite. anthophyllite,
chrysotile. crocidclite. ang tremolite:
borosilicate: glass: aluminurs silicate
glass: mineral wool aluminum oxide:
potassium titanate; silicon carhide:
sodium aluminum carbonate:
wollastonite; and atiapulgite. It should
be noted that Stanton et gl.' study did
not rule out carcinogenicity of fibers
outside of the dimensions shown to be
carcinogenic.

Stanton et al. {1961) cortinued their
implantation experiments. greatly
expanding the number of durable
minerals, including asbestos, tested via
implantation into the pleurae of female
Osborne-Mandel rats (Ex. 84-195).
Stanton et al. observed thal the most
carcinogenic fibers were those 0.25 KM
or less in diameter and greater than 8
um in length; however, high correlations
with carcinogenicity were also observed
for fibers 1.5 um or less in diameter and
longer than 4 um.

Wright and Kuschner {Ex. 84-210)
studied the production of fibrosis by
intratrachesl injection of esbestos fibers
in guinea pigs. They observed fibrosis
only from asbestos fibers longer than 10
pm. Gibbs and Hwang (Ex. 84-128)
pointed out that industrial processes
using asbesios may reduce the
percentage of shorter fibets in the air.

NIOSH (Platek, Groth. Finnell. Stoll.
and Ulrich) conducted g study of the

—————

as those less than § micrometers {um) in
leng'h {Ex. 84-230). Both rats and
mazheys were exposed to 8 chrysotile
#sestos aerosol for 18 months. The
sarviving rats were olsemved for 6
manths {ollowing the cessation of
exposure. Neither pulmonary fibrosis -
nor tumors were increased in the
exposed rals compared to the control
rats. Monhey's are being maintained for
an indefinite period following exposure

to determine the chronie effects of
exposure,

The NIQSH investigalors encountered
some difficulties in frying to generate

short fibers. The ball milling method
was used 1o generate fibers, resulting in
2sbestos balls that could not meet the
desired 3.1 aspect ratio. Some problems
250 occurred with regard 10 the
rethods of counting asbestos fibers and
¢:lermining aerodynamic diamelers (Ex.
8+-230). Consequently, OSHA considers
that Platek et al.'s study provides
suggestive but not conclusive evidence
that short ashestos fibers do not induce
pulmonary fibrosis or tumors.

Some chemists have posited that
asbestos fibess have biochemically
active sites on their surfaces that can be
modified 50 as to reduce the hazardous
potential of asbestos fibers (Ex. 84-333).
The electrica! charge of chemical groups
or the surface of asbestos fibers has
been hypothesized to influence toxicity
of fibers. For example. one chemical
process removes the magnesium
kydroxide greups on the surface of
chrysotile and replaces them with
silanol groups. producing a form of
asbestos known as silanized asbestos.
In vitro tests (tests conducted on cells in
test-tube simulations of living sysiems)
have been conducted for normal
asbestos fibers and chemically-treated
asbestos fibers. Decreased toxicity in
ctemically treated asbestos fibers
ccmpared to normal asbestos fibers has
been reported (Ex. 84-333). OSHA
considers that the hypothesis that
bicchemically active sites on the syurface
of asbestos fibers determine the degree
of carcinogenicity of the fibers is not
well supported at this time. This is
because many in vivo studies, especially
those conducted by Stanton et al.. have
found that fiber dimensions rather than
chemmical properties appeared 10 be the
primary determinant of fiber
carcinogenicity. Stanton et al. found that
a veriety of non-asbestos fibers could
induce cancer. if they were milled to
specific dimensions. The in vitro studies
of chemically treated asbestos are not
as determinative of health risk as the in

i ool P omy w.
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concerning the overriding importance of
fiber dimension. Therefore, OSHA will
continue to include chemically-treated
ssbestos longer than § micrometers with
a 3.1 of greater asi«c! ratio in the srope
of the ashestos standard. on the Lasis
that chermically-treated asbestos poses a
health risk similar 10 thet of untreated
asbestos.

* In summary. OSHA regards

experimental studies of animals as
suggesting that all asbestos fiber types
possess Similar carcinogenic potency.
Animal studies als0 suggest that fiber
dimensions rather than chemical
properties or [iber tvpe may be the
stronges! determingnt of
carvinogenicity. in O5HA's view.
Extrapclation of the results of
expenmental studies in animals to the
human experience necessitates an
assumption that the fiber dimensions
used for experimental studies resemble
fiber dimensions in workplaces. This
assumption might not be valid in all
instances. »

4. Other Factors. The various types of
asbestos fibers may differ in the
percentage of fibers available for
inhalation and the length of time that
dust clouds remein airbiorne {(Rowe. Ex.
B4-085]. Crocidolite might stay airborne
for a longer period of time and have a
greater number of respirzble fibers
compared to amaosite, which in turn may
exceed anthophylhie ir. regard to these
two characteristics {Muir, Ex, 84-350).
The preparation method for chrysotile
will determine these hwo characteristics
for a laboratory sample of chrysotile or
for & perticular workplace with
chrysotile exposure {Rowe, Ex. 84-085).
Because thicher fibers might drop to the
ground {aster and crocidelite is
generaly finer than the other fibers.
crocidelite use might lcad to dustier
worh environments and hence a greater
health risk, even if crocidolite is not
more dangerous on a fiber-for-fiber
basis [Muir, Ex. 84-350) However, most
respirable fibers, whick are the fibers
likely to cause disease, will tend 10
remain airborne for Jong periods of time.

Anather point to consider is whether,
for different fiber types. the ratio
between fibers visible under a
microscope and ultra-fine
submicroscopic fibers varies. This
would confound comparisons between
cohorts epparently exposed to the same
levels of different visible fibers under
the light microscope. if indeed fibers net
counted by the present optical
microscopy rmethod pose a hazard to
/ bealtk (Muir. Ex. 84-350).

OSHA believes that thicker fibers sre
found in mining and milling and that
subsequent manufacturing processes

their diameter. Based on experimental
findings implicating long thin fibers as
being the most carcinogenic fibers. these
subsequent processes mas have 8
greater carcirogenic hazard compated
to the initial mining and miliing
operations (Nicholson. 1957 Ex. 84-071).
QSHA examined the question of
differentials in cercinogenic risk among
manufacturing processes which fall

under OSHA's jurisdiction. As is the
case for studies of fiber type. cross-

“ eohort comparisons of processes should
control for the fullowing vadiables: fiber
concenlrations. duration of follow-up.
duration of exposure. and age

distribution. To accoun! for the variable
of fiber concentration, OSHA compared
the potency factors for lung cancer (K}
of different mzncfaciuring ctudies
because potercy factors are based on
rish per unit dose. As discussed in
Seclion V., Quentitetive Risk Anclysis.
the potency factors for lung cancer were
not consistently higher for anv
particular mancfacturing process.
Because potency factors for
mesothelioma (K.} could be calculated
for onlty 4 stucies, OSHA could not
compare Ky 't for differem
manufacturing precesses. In summary,
therc does nio! appear to be a consistent
pattern of d:fferential lung cancer risk
by manufaciuring process. Therelore,
OSHA deeme it appropric’e to continue
to apply a single PEL to all segments of
industry covered by the Agency.

Relatively thick respirable fibers tend
to lodge in the lung while thinner fibers
can travel to the periphery of the lung,
and penetrate and then lodge in the
pleura. These fine fibers lodged in the
pleurs might be the inducers of
mesothelioma {Nicholson. 1981, Ex. 84—
071). Bignox et al. (Ex. 84-105} studied
the lungs a~d plevrse of shipvard
workers. and found targe: fibers,
especially emphiboles. in the lungs. In
the pleurae, fine and smali fibers,
usually chry sotile, were found.

In summary. OSHA recognizes that
the fiber types may differ with regard to
their tendencies to break into fine fibers.
Crocidolite appears to divide into finer
fibers more readily than other asbestos
fiber types. which may render it more
hazardous. Manufacturing processes
could increase the carcinogenicity of
ashestos by generating fibers that are
thinner in dizmeter relative to mining
and milling processes. While these
factors are irteresting and contribute lo
the formaticn of hypotheses regarding
the mechanisms of asbestos
carcinogenesis. OSHA believes that
these factors do no! provide a delinitive
answer o the question of possible
differentials in risk by fiber tvpe. OSHA

experimental studies. which have
obscrved excess cancer rish from
exposure 10 all asbestos fiber types, as
being the most importent with regard to
the question of differential health risk
by fiber types

5. Tremolite ond Anthophyilite. Some
but not ell commercial tale deposits
contain serpentine asbestos and fibrous
amphibole asbestos, including
chrysotile. tremolite. and anthophyllite
{Dement and Zumwalde, Ex. 84-039).
Kleinfeld et al. {1087, Ex 84-181) studied
the proportionate mortality of 220 tale
miners and millers in New York State
whe had been exposed to asbestos
contained in tale. All men were
emploved during 1940 and had 15 or
more vears of exposure during 1940-
1965. Of 91 deaths in the study cohort, 10
{117 ] were {rom respirstory sysiem
cancer and 28 (31%] were from
prieumoconiosis or complications of
prevmoconiosis. Kleinfeld et al.
calculated that only 2.9 {3.2%) dealhs
from respiratory system cancer would
have been expected, resulting in a
greater than 3-fold risk of respiratory
cancer. A follow-up study by Kleinfeld
et al. {1974, Ex. 84-141) included 260
workers exposed to asbesios in tale. Of
the 108 deaths observed. 13 {12%} were
from respiratory cancer compared o 4
(3.7%) expected. The high proportion of
deaths from pneumoconiosis may have
reduced \he number of deaths from lung
cancer. “

Kiviluoto et al. (Ex. 84-181} and
Nurminen et al. (Ex. 84-181) observed
pneumoconiosis end excess lung cancer
mortality among Finnish worker
exposed to talcs containing fibrous
anthophyllite and fibrous tremolite. No
deaths from mesothelioma were
reporied by these investigators.

Yazicioglu. Hcayto. Balci. Sayli. and
Yorulmaz (Ex. 84-211) reported a high
prevalance of pleural calcification and
thickening and & highmortality rate
from mesothelioma among residents of
Cermik. 8 town in Turkey in which there
are many deposits of asbestiform
minerals which are used as construction
materials. The construction materials
have been shown lo contain hiorous
tremolite, antigorite, lizardite, chlorite,
and tale, Yazicioglu et al. also reported
an excess of lung cancer in this
population,

Brown. Dement, and Wagoner of
NIOSH {Ex. 84-025) conducted a
historical prospective study of talc
miners and millers of one company in
New York Stale reported by the
company t¢ be mining talcs not
containing asbestos minerals. NIOSH
[Dement and Zumwalde). howe:ver. }]ad
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" mine and mill. NIOSH conducted an
industrial hygiene survey of the study
talc mine and 8 neighhoring tale mine
known 10 contain asbestos fibers. Silica
exposures were found 10 be very Jow,
weil below NIOSH s recsmmended PEL
for silica. Radon daughter
mmeasurements made by the Mine
Enforcement Safety Administration
{MESA} showed only nil to trace levels.
Dement and Zumwalde found thet
exposure characteristics between the
study mine and neighboring mine were
substantially similar:

“In fact, the nirbome Gust sazples from the
mine and mill studied by NIQSH and
maintained by the company to be ashestos
free were found tc contzin 5 highar
propartion of positively identifiad
asbestiform ampibeles larzely dueto a
higher tremalite content A1 giker fiber
characteristics. such i[s; median length,
diameter. gspect ratic, an2 FTOpzchon less
than § 6m in length. were ro statistically
d.flerent a1 the 0.5 level” {Ex. 84181, p- 10).

The NIOSH study cokart (Brown et
al.} consisted of all white males
employed sometime during 1647-1939.
Vital status of the 396 cohort members
was determined as of June 30. 1975,
Comparision was made 1o age. calendar
period, and cause-specific mortality
rates of U.S. white males. Significant
increases in fung cance- mortzlity (9
cbserved deaths versys 3.3 expected)
#nd nen-malignant resy ratory disease
mortality {B observed versus 2.9 -
expected)were observed. One death
from mesothelioma occurred. Since the
individual who died from mesothelioma
Lad previously worked in the
construction industry, his death could
not be definitely ascribed to his
expaosure lo tremolite or anthophyllite.
Of the 10 individuals who died from
respiratory system cancer, 3 had
previously worked for other New York
State talc companies.

NIOSH investigators also addressed
the potential confgunding effects of
cigarette smoking. In their opinion, a
cohort of heavy smokers would have no
more than & 49% increase jn lung cancer
risk in relation to all 1.5, white males,
Because they observed a greater
increase in lung cancer risk, almost a 3-
fold risk, they judged that cigaretie _
smoking was unlikely to account for the
observed excess lung cancer risk among
these talc miners and millers exposed g
asbestos. The cross-sections] morbidity
survey conducted by NIOSH in 1875
found a 48% prevalence of smoking, a
prevalence similar to that of I'.S, males.
Brown. Dement, and Wagoner stated
that “exposures 1o asbestiform tremolite
and anthophyllite stand oyt as the prime
suspected etiologic factors” associated

cancer and respiratory disease. They
concluded that “exposures o talgs from
the Gouverneur mining area are
associated with an increased risk of
bronchogeric cancer and nor-Malignant
discases of i3¢ respiratory system” (En.
&4-101).

As measured by optical microscopy,
average air concentrations of fibers
greater than 5 um in length ranged from
1.7 f/cc 10 9.8 /cc as an 8-hour time-
weighted average for 6 different job
titles in the mine. In the miil. BVerage ajr
voncentrations for such fibers ranged

from 1.5 {/cc to 84 1/es as an 8. hour
time-weighted average for 18 different
job titles. (Ex, 84=181. pp. 7-10).

In addition to the excess mortality
from lung cancer and non-mezlignant
respiratory dsease ohserved by
Kleirfeld et al. and Brown ei al.,
numerous studies of talc miners and
millers exposed 1o ashestos ccntained in
talcs have established that these |
workers have a high prevalence of
pleural thickening. pleural calcification,
decrements in pulmonary function, and
fibrosing lung disease (Dreessen. 1933;
Dreessen and Dalla Valle, 1935: Siege] et
2l 1942, Sckepers and Durkan, 1955;
Messite et al,, 1959; K!einfeld et al. 1963,
1964. 1964. 1964, 1965, 1965, 1973;
Meurman et al.. 1974: Kiviluoto et al.,
1964: Ahlmar et al, 1972 Pyreo ef al..
1942 Ex. 84-182). Man, of these siudies
were conducted in the same gsographic
8rea s the studies by Brown et al. and
Kleirfeld et al.

A cross-sectional morbidity study of
the same company whose mortality
experience was studied by Brown and
colleagues was performed by NIOSH
investigators (Gamble. Fellner, and
DeMeg, Ex. 84-181). As discussed
above, NIOSH considered that this
company’s workiorce was exposed to
asbesios contained within tale. NIOSH
observed markers of ashesos exposure
in the lungs of these workers in addition
to respiratory symploms and lung
function decrements. Of 158 male miners
and millers, 121 participated in the
survey. Respiratory questionnaires,
chest X-rays. and spirometric lesting
were sdministered to participating
workers. Comparison of respiratory

morbidity was made 1o 8347 coal miners,

1097 potash miners, chrysotile asbestos
workers and synthetic wool textile
workers. OSHA considers that one of
the major strengths of Gamble et al's
cross-sectional morbidity study was the
choice of comparison populations.
Because talc, coal, and potash miners
are likely to be similar in many non-
occupationel factors that may affect
respirdtory morbidity, the likelihood of

ahrermred Aifferammm . 1o

workplace exposures of (he talc worhkers
rathet than other rish fartors fortung
disease is greatly increased.
Comparisons with the ¢oal and potash
miners were s atified by age, height.
smoking stalus. and duratign of
employment in mining,

Compared to coal miners and potash
miners. the talc workers with no

previous occupational exposure within

“ other talc mines and mills had

statistically significant increases in
pleural thickening and & higher

prevalence of pleural calcification.
When all talc workers were combined

without regard to previgys occupational
exposute to talc, increased prevalences
of cough. phlegm production, dvspnea.
pleural thickening. pleural calcification,
and irreguiar opacities on the X-ravs
were observed in talc workers
compared {o ore or bath mining control.
groups.

In addition. talc workers had
significantly decreased pulmonary
functian (FEV1 and FVC). Decreased
lung function was associated with
fncreased cumulative exposures and
lengths of exposure.

Talc workers bad & similar prevalence
of respiratory symptoms when
compared to chrysotile asbestos
warkers and a much higher prevalence
of symptoms when compared to
synthetic wool textile workers. In
contrast, pleura! thickening was four
times as common in talc workers
cempared to the chrysotile workers,
Smoking was not found to be associated
with the observed radiographic changes
in talc workers.

Regarding their studies of morbidity
and mortality of workers exposed to talc
containing asbestos, NIOSH concluded:

"A tharough review of the availahble
literature demonsirated that findings of the
presen! studies are in agreemen! with those
of other studies of occupational groups
exposed 10 the same or similar minerals or
mineral mixtures. This is especially true for
occupations! exposures to anthophyilite
asbestos. These findings make it imperative
that workers from the mine and mill ntudied.
herein, be routinely observed using medical
surveillance criteria established in the OSHA
and MSHA asbestos standard. Furthermore,
ull provisions of these standards should be
followed during the production and
subseguent use of these talcs™ (Ex. 84-181. P
33).

Stille end Tabershaw (Ex. 84-196) of
Tabershaw Occupational Medicine.
Associates studied all male workers
empleyed sometime during 1948-1977 at
the talc mine snd mil! studied by
NIOSH. A total of 708 men were eligible
for the study, and vital status as of
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worhers were excluded because of fack
of information on specific varisbles,
leaving a cohort of 655 for analysis.
Comparison was made 10 age. calendar
ptriod. and cause-spetific mortality
rales of U.S. white males.

For the overall cohort. excesses in
montality that were not statistically
significant were observed for lung
cancer and non-malignant respiratory
disease. Stille and Tabershaw judged
that the noa-significant excess of lung
cancer was “consistent with s smoking

elfect” rather than an effect from
occupalionsl exposure [Fx. B4-196, p.
481).

Stille and Tabershuw slso separstely
analvzed the mortality of the tale
wurkers with 8 history of any work
experience before employment at the
study mine and mill. This prior work
experience included all previous jobs.
not only jobs at other tale mines and
mills. For this subcokort of 340 white
males, mortality from the following
tauscs of death wes significanty
elevated: all cuncers (SMR =192}, liver
cancer [SMR =1013). respiratory system
cancer [SMR = 228). hemphopoielic
cencer {SMR = 374). and not-malignant
respizatory discases (SMR =307). Stille
and Tabershaw stated: “Since the
castess and lung diseases typically have
lorg latencies. the possibility exists that
exposures prior to work at the TMX
study mine and mill were responsible
for at least some of these discases” (Ex.
84-196, p. 482).

When the moriality of the subeokort
with no work experience prior to
emplovment at the study mine and mjll
wes analyzed, no causes of death were
in excess. In fact, the SMR for all causes
wes sigrificantly decrensed (SMR = 50).
As would be expected. this cohort was
generally younger than the cohort which
had previous work experience. Stille
and Tabershaw charocterized these
findings as follows: {1) "Workers with
‘exclusive’ TMX {study mine and mili]
employment seem to be at no
considerable risk of having lung cancer
develop” and (2} "exposures at TMX
seem 1o be noncarcinogenic™ (Ex. 84—
196, p. 483).

Brown, Beaumont. and Dement of
NIOSH commenied on Stille and
Tabershaw's study [Fx. 84-218. p. 178;
Ex. B4-231). listing several problems in
the analysis by Stille end Tabershaw
that could account fot the different
conclusions of the two sels of
investigators. First, Stille and
Tabershaw [iled to analyze mortality
by length of followup tatency interval).
Brown ef al. thought such an analysis
was particularly impartant given that

I A T 1

befure the study cut-off date for vita!
latus determination.

Second. Brow: el al. commented that
Stille and Taberskaw's division of the
study group in‘u s.bcshorts with and
without work experieace prior to their
emplovment at the study facility
resulted in “selection biases inherent in
the definition of the subcohorts” (Ex. 84
218. p. 179). The selection biases which
lenced o lessen the slatistical power of
the subcohort without previous work
experience included the short lengt}. of
follow-up. sk ~rt durations of eXpostre,
and small size of the subcohort. Brown
et al. stated: "Any mortality analysis
based or. such & small cohort with
generalhy short latency is not likely to Le:
very irformative” (Ex 84-218. p. 179).

Third Brown et al. criticized Stille
and Tabershaw's analy ses concerning
the durtion of employment of the tung
Cances teses. These analyses examined
the observed lung cancer desths without
calculating the expected number of
desths for each latency category and
duration of employment category. In
additicz. Brown et al. pointed out that
Stille and Tabershow's conclusions had
nol adequately acknowledged that many
study fzcility workers had been
employ=d by reighborng tale
companics with exposures similar to
those of the study facility.

Brown et al. concluded that Stille and
Taler<haw's report d.d not adequately
addices the question of increased lung
cancer rish from working at the study
facility. In sddition to the points
discussed above, NIOSH also
commer:ed thut death certificates
should have been coded according to
the rules of the ICDA in effect at the
time of death and then converted to
eithfer the Tth or 8th revision of the ICDA
for analysis. rather than coding the
deaths directhy to the 8th revision.
NIOSH siso had questions concerning
the 53 workers eliminated from the
cobort aed how workers lost 1o follow-
up werx treated in the analysis.

Tabershaw and Thompson responded
to the NIOSH critique with the following
comments (Ex. 84-218). First. they cited
miners! scientists and luboratories who
disagreed with NIOSH's method of
identifving asbestos in silicate minera!
mixtures and who did not find
significant asbeslos concentrations in
the talc processed al the mine and mill.
Second. they stated that talc ore at the
study facility was not similar to that of
other talc mines of upstate New York.
Third. Tabershaw and Thompson
reiterated that many of the lung cancer
deaths occurred in short-term workers
emploved {or less than one vear. In their

§1119

occupational expoture af the studs
plant. Tabershaw and Thomneon gl
pointed out that orhy one tale milier
develeped lung cancer. despite: the
historically higher exposures of 1alc
millers. In conclusion. Tabershaw and
Thompson stated that application of the
asbestos slandard to the Vanderbili
workforce was unwarranted based on
current evidence.

OSHA calculated a statistical power
of 20% to detect 8 50% increase in rish of

lung cancer in Stille and Taberchow's
subcohort of workers with no previous
work experience. {See Ex. 84336 fn; a
deseription of hew OSHA calculuted ~
statistical puwer.) OSHA cunside s thet
this very low statictical power BUpPIrts
NIOSH's criticism of the sensitivity of
Stille and Tabershaw's study dosign.
The statistical power would have heen
ever Iower if it had been calculated fur
the group of workers with at least 20
vears of latency.

As discussed earlier, cross-cohort
comparisun may be problematic if the
age distributions, durations of expasure.
and lengths of folluw-up differ amung
the cohorts being compared. OSHA
believes that this appears 10 be the case
with TOMA's comparison of the
subcohorts with and without previcus
work experienice.

Several points are notalile with rega-d
to the question of the short-lerm
workers who developed lung cancer.
First, short durations of exposure may
result in high cumulative doses
depending upon the intensity of the
exposure. Second, the phenomenca of
short-term asbestos exposure and
subsequent disease has been obiserved
in other epidemiologic studies, Third. if
the majority of persan.yrars.at.rick
were contributed by short-term warkers,
then finding most of the lung cancer
deuths among these wurkers wauld not
be unusual. Alsu, Tabershaw and
Thompson did not discuss the expected
number of lung cancer deaths when they
mentioned the single lung cancer death
among the study facility taic millers.

In 19682, Consultants in Epidemiology
and Occupational Health (CEOH)
prepared unother analysis of the
mortality of Stille and Tabershaw's
study cohort (Ex. 84-257). NIOSH
reviewed CEOH's analysis and stated:

“Although the findings of these
enalyses appear to support their
[CFOH's] hypothesis that the talc is
non-cercinogenic, the resulting
&falistica! analyses are based oh
ossumptions, small numbers. and short
lotency. Therefore. the CEOH
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detect o true risk in an exposed
population” (Ex. 84-375 p. 3.

Smith, Hubert, Soke!. and Margquet
(Ex. 84~184) studied hez':h effects of talc
cortainirg asbestos in letvratory
animais. Smith et al. ac=inistered
intrapleural injections ¢ 4 different
tremolitic substances into hamsters,
including fibrous tremolitic talc from
New York state. tremolite prepared from

tremolitic talc are of the facility studied
by NIOSH. tremolite prepared from

weslern U.S. tremolitic talc ore, and
asbestiform tremolite. Periods of
observation ranged frer 350 days to 600
days after injection. Tumors and pleural
fibrosis were observec ozly in animals
injected with asbestifo=m tremolite and
tremolite prepared from western, U.S.
tremolitic talc ore. Sm '~ el a!. foung
that the samples of ashestiform
tremolite had greater proportions of long
thin fibers than the sample of tremolite
from the facility studied by NIOSH.

The sample of fibrous tremolitic talc
from New York state alsa contained
long thin fibers and Sr:th ef al.
suggesied that the negztive results from
this particular sample were due o its
much lower tremolite cantent relative to
the carcinogenic samples. Smith et al.
suggesied that the sam;le of tremalite
from the facility studied by NIQSH may
have failed 10 induce t~mors because of
the sharter length of its !bers, despite
its high tremolite conte-t Commenting
on their results and on the fact that the
carcinogenic samples cortained
material other than tremolite. Smitk et
al. stated:

e 8 e

we cannot be sure that their
activity is due wholly. or even in part to
tremolite * * * considetation must be given,
rot merely to the amount of tremolite. but
&lso to other factors. such as the morphologic
characteristics of the mincral” {Ex. 84194, p.
338).

OSHA considers that interpretation of
Smith et al's findings is limited by the
small number of animals studied. short
survival times, and short periods of
observation.

In summary, OSHA concludes that
NIOSH studies have shown that
exposure 1o asbestos when it is present
in talc appears 1o have resulted in
excess mortality from lung cancer and
non-malignant respiratory disease and
excess rish of pleural thickening and
lung function decrements. OSHA is
cognizant of the fact thal tslc mining
and milling in the absence of asbestos
exposure can result in preumoconiosis.
Furthermore, NJOSH's firdings on
mortality are consistent with those of
Kleinfeld et al., Kiviluoto et al.,

consistent with those of numerous other
studies. OSHA believes thal the
epidemiologic study of the tale company
conducted by Stille and Talershaw of
Taberskaw Occupational Medicine
Associales has serious limitetions such
that it does not refule the hypothesis
that talc containing asbestos poses a
lung cancer hazard 10 exposed workers.
Smith et al.'s experimental study
observed positive findings of
tumorigenicity for asbestiform talc and

ron-pesitive findings for the 1alc from
the facility studied by NIOSH: however,
OSHA thinks that limitations of Smith et
al.'s study render its findings
inconclusive for talc from the facility
studied by NJOSH. In any event, the
positive human findings outweigh the
non-positive animal findings. Talcs
containing asbestos minerals. therefore,
appear to pese a significant health risk
to exposed workers, and talc workers
exposed 10 asbes'os should receive the
protection affsrded by the asbestos
standard. OSHA notes that the broader
issue as 1o which minera) fibers are to
be included in the definition of ashestos
will be part of the rulemaking for the
permanent standard. This ETS action
does not change the definition of
asbestos as found in 1930.1001.

6. SummarysThe evidence presently
before the Agency indicates that all
asbestos fiber types, except for
anthophyllite. cause lung cancer,
mescthelioma. and asbestosis. o
Anthophyllite causes Jung cancer and
asbestosis. Mesothelioma has rot been
reported in arthophyllite workers.

For lung cancer, OSHA notes that
inconsistent and inconclusive findings
with regard to differentia! risk by fiber
type have been observed by different
investigajars. Some studies have
observed the same or higher fung cancer
risk in chrysotile workers compared to
workers expcsed to amphibole fibers:
other studies ohserve lower risk of ling
cancer in chrysotile workers. For
example, high respiratory cancer risk
was gbserved by Dement and colleagues
among chrysotile textile workers. As
discussed by CHAP. consistent patterns
of higher lung cancer risk by fiber type
did not emerge. With some exceptions,
investigators generally failed to control
for variables affecting lung cancer risk
when comparing the mortality of
different occupational cohorts. Among
the important determinants of lung
cancer risk, which were not consistently
controlled for. are fiber concentration,
length of observation, and age
distribution,

» OSHA views evidence for differential
mesothelinma riek hu fikhar bume na

crocidolite and amosite appear 10 have
had a higher proportion of deaths from
mesothelioms. particularly perit sneal
mesothelioma, compared lo
occupational cchorts exposed tg
chrysotile. Nonetheless, OSHA is unable
to characterize this evidence as
conclusive because mosi investigators
failed to control for fiber concentration,

length of observation, and age
distribution when making cross-cohort
Comparisons of mortality from
mesothelioma. Controlling for length of
observation is particularly imporant
because mesothelioma usually has a
latency period of 30 years or more ard
the risk rises exponentially with
increasing time since initial exposure. e

Lung cancer is the major cause of
asbestos-induced occupational
mortality. Mesothelioma and asbesiosis
alsc are significant causes of excess
moriality among asbestios workers,
OSHA has concluded that there is a
grave risk for lung cancer and asbestosis
among workers exposed o all asbestos
fiber types and that workers need 1o be
protected from these risks by this ETS,
which sets the lowest PEL that is
feasible at this time. As a practical
regulatory endpoint, therefore, it is
inconsequential whether the
mesaothelioma risk is greater for certain
fiber types than for other types.

Experiments! studies of animals have
found that chrysctile is as least as
potent a carcinogen as other asbestos
fiber types. One study found that
chrysotile was more carcinogenic than
other asbestos fibers when administered
by inhalation. Many experimental
studies have reported that fiber
dimension is a very important
determinant of carcinogenicity in
laboratory animals. Fibers longer than 4
micrometers (urm) and with diameters of
1.5 um or less have been implicated as
the most carcinogenic fibers. A variety
of different natural and synthetic
substances having fibers longer than 4
um with widths of 1.5 um or less have
induced cancers via implantation in
laboratory animals, suggesting thst the
chemical properties of ssbestos [such as
fiber type) and non-asbestos fibers may
not effect carcinogenicity but that fiber
dimensions may determine
carcinogenicity. Thus, in OSHA's view,
animal studies do not support the
hypothesis that there are differences' in
carcinogenic potency amang the various
fiber types.

Fiber types may differ with regard to
the fineness of fibers used in industrial
processes. Finer fibers may be more

P . . 1]
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than other asbestos fiber typee Ao,
marufactiring processes may bireoh
fibe:s apart to generate fibere th. er in
diameler than those found in 1+ —ning
ard m.!' np processis.

NIOSH scientists (Brown. Dement.
and Wagoner) observed excessive.
mortality from lung cancer end non-
maligrant respiratory disease among
workers in one plart exposed to talc |
conlaining asbestos. A morbidity survey
of the same plant found increased risk of
pleural thickenirg and lung function
decrements. NIOSH concluded that
increased risk of Jung cancer and non-
malignant respiratory disease was

apparent in workers exposed to talc
tontaining asbesios. Kleinfeld and
colicagues also observed excess lung
Cancer and respiratory disease mortahity
amcrng workers exposed to tale
torlaining asbestos, and nemerous
morbidity surveys heve documented
respiratory discase excesses among tale
miners and millers exposed to asbestos.

tile and Tebershaw conducted a study
which they interpreted as contradicting
NIOSH's findings regarding excessive
tali'y among talc workers exposed
to asbestos, Stlie and Tabershaw's
st.cy had serious methodolegic
limitations such that NIOSH's
conciceions still appear to be valid.
Wh.le not al} talc products contain
asbestos. OSHA finds that when
esbiestos minerals are cortained in tale
products. there appears to be a health
risk to exposed workers.

Practical administrative
considerations also are pertinent to the
guestion of making regulatory
distinctions by fiber type. Several types
cf asbestos may be present in the same
worhplace. as is the case for insulation,
trealing consicderable measurement
difficulties. Delermining asbestos typels)
within each workplace might complicate
compliance and exposure monitoring.
However, OSHA is aware that the
United Kingdom has been able to
overcome such complications.

In summary. OSHA concludes that on
the basis of the epidemiologic and
experimenial studies reviewed above. it
is not appropriate at this time to make
distinctions by fiber type for regulatory
purposes. Accordingly, quantitative
analyses of risk should base estimates
of excess risk on ashestos fibers as a
whole rather than on separate fiber
types. Provisons of OSHA's slandard for
gsbestos. including the permissible
exposure limit, should also be the same
for all commerically used asbestos fiber
jvpes.

r F. Conclusions

caused excess mortality and disability
in ¥pidezis pruportions among some
Br0ups of ey osed workers. Anbestos
CLses ner-=.c'.gnant respizstory
Cscaer wht can resltin comylce
disebility anc death. Asbestos also
causes malgnent mesothelioma, which
is wroath-rapidiy fatal and lung cancer.
which fs 2euzlly fatal The causal
relafions®ip between asbestos exposure
and disezse has been established by a
multitude of epidemiologic studies
conducted throughout the world.
including t~e United States United
Kingdom. Carada. Australia. Maly, and
Finland Furthermore. esbestos has been

shown to czuse excess disease in many
different ozc.pational environments.
starting with mining ard ng of
asbesios e=d continuing to cause
disease in various menfacturing
procestes such as ashes‘os textile
production and asbestos cement
production. Ashestos alvo has been
shown 1o be extreme'y hazardous when
used as a product by insulation workers
and shiptiilding workers. Numerous
sclentific organizations and agencies
have reviewed the hea'!h data for
ashestos ard have concluded that
asbes!cs exposure causes lung cxncer
mezothelioma. and asbestosis,

To deter—ire the potential of 3
hazardius szent 1o cause disease &t low
exposures, OSHA has enamined the
resulis of studies of workess receiving
low expos.res, where such studies are
#vailable and have sufficient sensitivity
1o detect excess risk of disesse. OSHA
has also attempted to predict risk at Jow
exposures from risk cbserved at high
exposures by using dose-extrapolstion
models {see section V). Both of these
methods of evaluating rish at low
expbrures are valid.

Studies are not available of woikers
exposed solely to asbestos levels of 2 f/
cc which have sufficient cohort size and
long enough follow-up periods to permit
obseriation of increases in cancer and
lung disease mortality. Studies are
available of workers with low
cumulative exposures to ashestos,
however. Workers exposed 50 years to
the OSHA PEL of 2 f/cc would have &
cumulative exposure of 100 f/cc-years.

. Hence, studies of workers with
cumulative exposures close 1o or below
100 ffcc-years provide some evidence of
risk from working lifetime exposures to
OSHA's PEL. Studies finding adverse
pulmonary effects or excessive mortality
from lung disease from exposure close
to or below 100 {/cc-years were .
conducted by Berry et al.. McDonald et
8l Dement et al., Berry and Newhouse.
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from lung cancer smong workers
receivirg relatively low cumulative
exposures. Weill et al. and McDonald ot
al. did not observe increased lung
¢ancer mortality among workers
receiving relatively low cumulative
exposures. Despile some inconsistenvies
In findings regarding risk from low
cumulative exposures, OSHA considers
that the many well-conducted studies
which observed substantially increased
risk of morbidity and mortality among
workers receiving low cumulative

exposures are evidence of significsnt
hazard at exposures allowed by ti
existing PEL. Section V., Quontitgts»
Risk Anclysis. will discuss predicier
risk from eaposure 1o OSHA's PE;

A number of investigators have
suggested that different filier types of
asbestos have differences in their ahility
to induce mesothelioma. Specifically.
crocidolite has been hypothesized 10 be
the most hazardous tyvpe of asbestos
because of suggestive evidence that
indicates that the mesothelioma risk
may be higher for croridolite expesure
than for other asbestos tvpes®All
commercially used fiber tvpes have
irduced lurg cancer. messthelioma. and
asbestosis in exposed w urkers. excepr
for anthophyilite. which kas indeced
lung cancer and asbestosis. OSHA
regsrds evidence for differentials b
fiber type in lung cancer risk and
asbestosis risk as being inconclusive
and inconsistent*However, evidence “or
fiber type differentials in risk with
regard to induction of mesothelioma.
particularly peritoneal mesothelicna
appears to be more consistent. based on
epidemiologic studies of occupzational
cohorts exposed to different fiber fypes
Because variables that affect the
sensitivity of studies for detection of
risk of mesothelioma have not beer
controlled for by most investigator:
comparing different occupational
cohorts, QSHA views the evidence lot
fiber type differentials in mesothelioma
risk as inconclusive. Among the
variables that influence the appearance
of mesothelicma are length of

_observation, duration of exposure. fiber
concentralion, and age distribution.

It is possible that mesothelioma rish
may be higher from exposure to fine:
fibers, and that operations using
crocidolite may tend to break fibers
apart o make them more carcinogenmic
Studies in laboratory animals have not
consistently observed differential risk
by fiber type with regard 10 induction of
pulmonary fibrosis and cancers; in fact,
some studies in enimals have found

L . . . o
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Lung cancer is the maior cause of
AsLesing.associated 0 apational
mortality The very hic® misk of luno
Lancet from exposure o= al achestos
f:hier tupes supporss o+ -sirZ the same
PEL for all fiber types

Several epidemiclog - studies.
including one performed by NJOSH.
have found that workess exposed o lale
containing ashestos have excess
mortality from lung canzer and non.
maligant respiraton d.sease. Many
other studies hive obse~ed excess

morbidity from respraton disease.
chest X-ray abnormalines. and Jung

function decrements smang such
workers. One non-positae study
corducted by Stille and Tabershaw of
tale workers has methe i gie
limitations such that it .. - ot refite
studies finding excess =: Uity among
worhers exposed 1o tal: wovtaining
asheslps,

A number of studies o iahoratory
arumals have implicated lang thin
asbestos Nibers in the eLoiogy of cancer
end lung Fbrosis. Sten'zn et al. found
that fibers greater than § wm in length
ard 13 um or less in d.emeter were the
most cartinugenic: howsnver, QSHA
believes that S1arton ¢ al's studjes do
natoaciude the pesab. o of
tarcinogenicity of iibess shorter or
thicke: than these dimens ons.

Alleast 12 stodies bave aheerved
excess mortality from ges'rointestinal
tancer {stomach, esorhezus. colon srd
recium] among ashestos exposed
werkers, 7 of which four3 statistically
significant excesses. O %er cancer sites
have also been observes to be increased
by diflerent investigators. QSHA
believes that the positive himan siudies
find'ng gastrointestina! t2niar excesses
outwe:gh the non-positive and equivocal
anima: studies of ingested achesios. as
well as the non-positive “oman studies,
Therefore. OSHA concl.des that excess
mortality from gastrointestinal cancer
should be included in quantitative risk
analyses for asbestes.

Cigaretle smoke and asbestos have a
multiplicative {synergistc} effect with
regard to production of lung cancer.
Asbestosis also might be increased in
tigaretie smoking asbes'cs workers
relative 1o non-smoking asbestos
workers OSHA is not awa-e of any
evidence for an effect of c:garette
smoking on induction of mesotheliomas
or gastrointestinal maligr<ncies emong
asbestos workers. Ham=iond et al,
found that both smoking a~d non-

V. Quantitative Rish Analysis
A Itroduction

As explaired above. OSHA's
Cetermination that currently exposed
workers face a grave risk of ashestos. -
rela‘ed disease is pnimarily based on the
resulls of quantitative risk assessmen!
performed by the Agency. The process
of assessing the risk from asbestos
exposure includes several steps. OSHA
has critically evaluated the scientific
evidence concerning the heaith rish from
asbestos expasure. OSHA. as well as
other scientific groups. believes that

ashestos exposure causes lurg disease,
respiratory cancer, mesoihe'ioma. and

gesircintestingl canggy, OotiA has also

exarmned {and discussed in the section
ent:ited Epicermiciogic Evidernce on Risk
Irom Exposures ol Currert the PEL.
Section IV B} evidence that indicates
thal excess disease risk has been
cbserved at cumulative exposures at or
below thase permitted by the existing
OSHA 8-hour permitsible exposure

limit In addition, OSHA has made risk
est:mates of excess mortality from lung
carcer. mesothelioma. gastrointestinal
czncer and incidence of asbestosis using
Malhematica! models that describe the
da‘a chserved in epidemiolngic studies
conducled in various indistrial
Fopuiations.

Ir many cases the elevated risks seen
in worker populations refiect past
exposures that were higher than those
permitted today. OSHA's quantitetive
risk a<sessment entajls using the
directly observed risks from these past
exposures to estimate risk at Jower
exposure levels. OSHA belicves this is a
scientifipally appropriate and valid
procedare In some instancee OSYA
estimated risks using studies which
actually observed risks at or below
cumulative exposures permitted by the
current standard. The range of studies
covers many different work situations
and exposure levels upon which 1o base
the extrapolations. Where possible,
OSHA has quantified the ranges of
uncertainties in the estimates. These
numerical estimates, as well as those
risks observed at low exposures. were

evaluated 1o determine the significance ~

of the risk and to determine whether the
standard will lead to a substantial
reduction in risk.

The sections below provide s brief
synopsis of OSHA's quantitative risk
eslimales derived from mathematical

models. A more detailed description of
[ 14 = . L. DU N SR

.

8. Dese-Response Made! for Lung
Concer

Dose-response information for lung
cancer based on the tpidemiological
studies indicates that the risk of
asbestos-induced lung cancer increases
linearly with dose. Therefore, OSHA
believes it is appropriate 10 use a
mathematical model which assumes that
the excess risk is Linearly proportional
to dose o estimate the excess mortality
which is associaled with asbestos

exposure. This excess risk is expressed
as the number of additional lung cancer

deaths per 1000 warkers exposed for
specific time period. Excess risk equals
the cumulative dose multiplied by a

potency cocfficient (slope of the dose-
response curve) estimated from the
studies. [Note: Total dose, glso referred
t0 as cumuletive exposure or cumulative
dose. is @ measure of the amount of
asbestos inhaled; it is the product of the
duration of exposure {in vears) and the
intensity of exposure {which is
workplace air concentration in mppef or
fibers/cc). Under thys definition of
exposure. a person exposed 10 sirborne
asbestes ai 2 fibers/cc for 20 vears (40
hbers/cc-vears) has the same total dose
as & person who is exposed 10 asbestos
8¢ 4 fivers/cc for 10 years (40 fibers/ce-
vears}).

Evidence of the linear dose-response
relationship for lung cances is found in
several well-conducted epidemiologic
studies that examined lung cancer
maortality in relation to the cumulative
ashestos exposure in the workplace {fcr
example. Herderson and Entetline, 1878
Ex. 8448 Liddell et al.. 1977. Ex, B4-58;
and Derient et al.. 1982, Ex. 84-33). In
the three studies cited above, workplace
asbestos air concentrations were
available from measurements made in
the worksite studied. Although the
studies differ in the magnitude of the
risk found [discussed later in the
section). all three demonstrate a linear
relationship over the entire range of
observation.

Other scientists and scientific groups
who have attempted 1o estimate risk
from asbestos exposure have used the
linear model for lung cancer {Crump. Ex.
85-22. British Advisory Commitiee on
Asbestos, Ex. 84-216, Acheson and
Gardner. Ex. 84243, Selikoff. Ex. 82-2.
EPA. Ex. 84-180. CHAP, Ex. B4-258). The
model is generally accepted and OSHA
believes use of the linear modei for
predicting lung cancer due to asbestos
exposure is reasonabie and well-
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exposed persons. Relative risk is
frequently appronimated by the
s'ondardized mortality ralio (SMR).
which is the ohserved number of desths
= L evposed pay < tign divided by
i« number of deatks that would be

-

Tnat is,

expectec in the exposed population. The
number of expected deaths is usually
derived from the specific age. sey, ard
calendar yeer montaliny rales in the
compzrisan vnzulation

R ke {1+ W fag, 46 (S0

LRL/REJ-I . KL xfa at_m

{Eq. &)

Bused upon the considerations listed
above and on the data, the relative rish
modcl used by OSHA in assessing the
risk of develop-ng lung cancer from
ashestos exposure isdeseribed by the
following equation:

where RL 15 the lung cancer mortality resulting from the astesics

€xzCsure, K-
[ 4

1S the gaseries

TS the Nlersity of CALUSLPE 1N Tleet CC. U 1S

Expliure
€ oC8ure

Feriog,

of the carcinogenic pl

CISE~FESLINSE Curve,.
01 tnis moges, sec fx. £3-Iei),
wein five-,ear a.e iRlersdn;  Lne tuerg.:

Clipuiel &5 the sam of Lne risas

1 yeers, U s
N ye:rs

ang
L

the tide frur the onset

VInus lu years to o ailow for

15 the PrLportionéinty constant tnat

fron sye 25 tc ege 70.

The concept of direct preportiorality
cf the risk of lung cancer 1o the dose can
be dermonstrated with a simple example.
Using Equation 2. if does is increased by
a8 fzctor of three, such as increasing the
Guration of exposure from two vears td
six vears, the excess relative rish [(R./
Ri)- 1] risk increases by a fuctor of
three. Also. reducing duse by reducing

air concentrations. such as from 4 fiber/

cc to 1 fiber/cc. reduces the excess
relative risk by a factor of four. [Et
should be noted that the estimates of
risk given in Tables 10 and 11 are
estimaies of excess risk. not excess
relative risk, Therefore. direct
proportionality of dose and risk as
described above may not be observed.
Further explanation is given in Section

E)

C. Dose-Response Madel for
Mesothelioma

* OSHA believes that the risk of
mesothelioma is bes! estimated by an

absolute risk model. Absolute risk is
calculuted as (ohserved desths/person-
years atrisk]l Use of SMR's or relative
risk is net appropriate for mesothelioma
because the expected number of deaths
in a cohort would be close to zero due to
the rarity of the disease. In addition to
uring absolute risk rather than relative
risk. this model is different from that
used for lung cancer because both
duraticn of time since initia) exposure
and duration of exposure are
determinative risk, The magnitude of the
tisk increases linearly with intensity of
exposure. whereas the risk increases
exponentially with duration of exposure
and time from onse! of exposure.

The rationale for such a model for
describing mesothelioma risk has been
discussed by several authors {Armitage
and Doll. 1968, Ex. 84-252; Pike 1966, Ex.
84-385). Such & model was utilized by
Newhcuse and Berry [1976. Ex. 84-342)
in predicting mesothelicma mortality

Of Lhé atLesiis

¢ MIfnImom

fulg CeCer rise 1%

mort2lil, \n tne alsence of E1ilSure,

the Curszti ok oF

atlent

15 &4 Jeasure

tercy of the ascestos exposure {slope of the
tFor & more cetai.ed ratices € fcr the ¢rote

Triis caic.)ation mas perfoirmed for

en

Ihoedlh of the five-jyear intervals

among & cohort ot factory workers in
England. Limited data are also available
from three studies on the dose-respones
relationship for mesothelioma (Seidmar
et al, 1979, Ex. 84-87. Hobbs, et gl., 1980.
Ex. 132 and Jones et al., 1980, Ex. B4-
138).

*» The data indicate that mortality from
mesothelioma begins to increase only
gfter a minimum of ten years following
the initial exposure and begins to
decrease after 45 years from onsel of
exposure (Selikoff et al., 1979, Ex. 84-90
and Nicholson et al.. 1983. Ex. 84-251).
The mortality from mesothelioma can be
described by the following equations
(Equastions 3). »
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where ARH is the mortality from mesotheliona, f is tne inteasity

of exzature 10 fiders/cc, o 15 the guration of eaposure in years, t

i3 time

preportionality constant tnat

1S 4 measuyre of tne

after  first  erposure  in years, and KH 14 the

e sylhel tuing

carcirczer1t putency (slope of a Jose-resgonse curec) (Ex, 83-352),

L. OSiH{A's Quontitotive R:sk
Assessment

OSHA's critical evaluation: of alj
relevant animal and epideriological
studies resulted in selection of eleven
epidenuclogical studies for ralculstion
of the K, for lung cancer (Selikefl et al.,
1978, Ex. 84-30: Seidmaun et al.. 1979, Ex.
84-87, Hengersan and Enterline, 1979,
Fx. B4—38 Weill et al., 1979 Ex. 84-206:
Firkelstein. 1063, Ex. 84-247. Peto. 1980,
Ex. B4-16¢ Dement et al., 1982, Ex. 84-
15. Berry and Newhouse, 1983, Ex. 84-21:
Liddell et al., 1977, Ex. 84-63. Nicho'son
et al.. 1878, Ex. 84-72: and Rubino et al.,
1979. Ex. 84-86) and four for Ky for
mesolhelioma (Selikoff et 2l 1979, Ex,
84-90, Seidman et al., 1979. Ex. 84-67:
Finkelstein et. al.. 1983, Ex. 84-240. and
Prto, 1880. Ex. 84-169). In general,
studies of human cohorts in the
warkplece should provide a better basis
for quantitative risk populations at risk
ond the pcpulations from which the risk
esiimates are derived. In delermining
tke potency coefficients K, and K,,.
Equations 1 and 3 were used to define
the dose-response relationship so that
cuncer mortality was estimalted for
various exposure levels and exposure
durations. A number of we!l-conducted
and high quality epidemioclogic studies
were available that contained sufficient
information on which 1o base a
quantitative risk assessment. Some of
these studies did not contain exposure
data. but could be coupled with
exposure information from other sources
in order 1o obtain an estimate of K, and
Ku.

OSHA chose not 10 use animal studies
to predict quantilative estimztes of risk
from asbestos exposure due to the many
high quality human studies that exict

supplemented the human data with
resulls from eximal studies in the
evaluation of the health information and
in the determination of the significance
of risk because OSHA believes that the
anima! studies provide valuahle
gualitative infcrmaztion on asbestos-
related disease. It is not clear in all
instances whether labcratory animals
have been exposed to fiber size
distributions similar 10 those found in
workplaces. Ir addition. ashestos
appezrs 1o m.2tply the underlying lung
cancer risk of smoking and ncnsmoking
workers; laborziory animals generally
do not have sny underlying risk for .
developing lung cancer. However. the
animal studies do show that all
commercial asbestos types can cause
cancer and pulmonary fibrosis. Animal
studies alsoindicate that longer. thinner
fibers may have greater carcizogenic
potency than skorl coarse fibers.

The range of estimates of risk from the
eieven epider:clogic studies is rather
large. The difierer.ces in resu'ts among
the studies car. be explained ir. several
ways. There sppears 10 be actual
differences in risk depending upon the
nature of the asbestos exposure. One
potential explanation is that workplaces
differ with regard to fiber size
distributions {longer finer fibers appear
to have greater carcinogenic potential
than the coarse fibers). The observed K,
values for stucies of mining and milling
operations, where airborne fibers are
relatively coarse, are lower than the K,
values found in studies of textile
operations where fibers are fine.

Differences may also be explained by
the variations in study design and other
factors influenzing the ability 10 detect

axrpee melke MNee ~f theoe o sh o 1741 8
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tater evaluated Prior o 1970, few
measurements were made in facilitieg
using asbestos fibers. Further, those
measurements hat were done usually
quantfied all dust present in the
wotkplace air and not just fibers.
Current technigques. which involve use of
membrane filters and phase contrast
microscopy for the counting of fibers
longer than five micrometers have been
utilized in Great Britain and the Uniled
States only since 1964 {Ayer et al., 1965,
Ex. 84-253;) and have been standardized

in the United States only since 1972
(Leidel, 1978, Ex. 84-62) and even later
in Great Britain. In any case, sampling

has occurred only for few worksites and
then only occasionally. OSHA has
evaluated these differences and have
dealt with tke:r :mplications on a study
by study basis. as explained in the
quantitative risk assessment (Ex. 84—
392). OSHA nates that, despite these
apparent limitations. taken as a whole.
the ashestos studies contain data of
unusually high quality which has
enabled OSHA to make the risk
estimates with a high degree of
corfidence.

In addition. variability in work
activities and in sampling circumstances
add considerable uncertainty to
knowledge of dose.

Some of the epidemiclogic studies.
including those by Dement et al. (Ex. 84~
35). McDonald et al. [Ex. 84—48). and
Henderson and Enterline (Ex. 84-—48).
have measured air concentrations at the
exposure site and used job histories of
the study population lo estimate
exposure. In these cases the dose-
response curve was calculated by
estimating to:z! asbestos exposure (in
mppef-years or in fiberfce-years)
according to the time that an individual
spent at 8 job with a measured exposure
value. A conversion factor for
converting from mppef to f/cc was
employed on a study by study basis
deperding upon the dala available.
Other epidemiological studies. for
example those by Selikoff et al. [Ex. 84~
90). and Seidman el al. {Ex. 84-87). had
neither job histories nor-direct industrial
hygiene measurements for the studied
worker population. For these studies.
exposure estimates were derived {-om
industrial hygiene surveys of gimilar
work operatiors and processes for
which industrial hygiene data were
available. The study by Seidman et al.,
however. contained good information
regarding duration of exposure (which
cen often be exsmined as a surrogate for
dose in establishing the shape of the
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asbestos are likely to be a! an incressed
risk of gastrointestinal cancer. Though

an excess of Gl cancer has not been
observed consistently in every study of
asbestos workers, and while the ratio of
gastrointestinal cancer to lung cancer
varies considerably from study to study.

there appears 1o be sulficiant evidence
to roughly estimate the excess
gasbointestinal cancer risk in asbestos-
exposed populations. In general, the risk
ranges from about § to 20% of the excess
lung cancer risk. (A detailed table of the
risk from gastrointestinal cancer

observed in 27 studies is given in Ex. &4~
392). In an attemp! to quantify the risk of
gastrointestinal cancer. OSHA considers
that a simple risk model in which the
lung cancer excess is multiplied by 0.1
{1072} is appropriate {or estimating the
risk from gastrointestinal cancer. The
estimates of risk from gastrointestinsl
tancer are also given in Tables 10 and
11.

Cancers at sites other than the Jung.
mesothelivm, and gastrointestinal tract
have been shown 1o be elevated in some
asbestos exposure studies, including
laryngeel. kidney. pkaryngesl and
buceal cavity cancer. To OSHA, it
appears that the excess risk for “other
cencers” is about the same as for
gesitointestinal cancers. OSHA
TECTENiZes Many uncerlainties in
guzntifyving this risk, in view of the
irconsisiencies in findings among
d:flerent epidemiologic studies. (Some
studies have found excess risk from
other cancers. while other studies have
not.) The sites showing excess risk have
also varied among studies. Therefore,
OSHA has not made numerical
estimates of risks for these other causes
at this time. The data indicating
gesirointestinal cancer excesses are
sirenger and more consistent than the
data suggesting excess at these other
cancer sites. OSHA does not feel
compe.led to quantify this risk af this
time. The high quality and well-
supported estimates of excess risk of
mortality from lung cancer,
mesothelioma and asbestosis alone
provide sufficient bases upon which to
justify this action.

E. Estimates of Cancer Mortolity

A best eslimate of K_ was calculated
for each of the eleven epidemiologic
studies and an estimate of K, was
calculated from four of these studies
(see Table 5) (Ex. 84-392). For each
study. the best estimate for K, and K, is
indicated along with a range of
uncertainty, The ranges listed are those
are the result of estimates of exposure
uneceriaimtioe fhieiially a8 fortne ~F 1

or in same cases, stalistical
uncerizinties associated with small
numbe:s Detailed derivation of each
range of uncertainty is discussed in Ex.
B4-392

The distinct nature of mining-milling
data (and hence, the estimates of K,
from these data) have been consigered
earlier. There is sume evidence that
risks in the asbestos mining-milling
operations are lower than other
industrial operations due to differences
in fiber size. Thus. in determining the
best overall value for K| from the eleven
studies. the dala were examined both
with and without the X, calculated from
the st.dies of mining-milling processes.

The range of individual values for K,
covers two orders of mzgnitude, from
0.0006 tc 0.068. The arithmetic mean of
the eleven values of K {unit risk per f-y/
ce) is:0.0201. and 0.0267 when the K 's
from mining and milling are excluded.
The geometric mean of the data is 0.007;
when the estimates of K, from mining-
milling operations sre excluded. the
geomeiric mean of the K 's is 0.0113. The
K.'s have a median of 0.0031 with the
mining-milling processes and a median
of 0.0:38 when the mining-milling
processes are excluded.

Considering the industrial processes
other than miring and milling. OSHA
believes 0.01 to be a rezsonable
estimate of K. It is the geometric mean
and medizn of the K's erived from
studies of asbestos manufacturing and
insuletion application processes. The
geometric mean has the advantage of
minimizing the inflluence of outlying
values and a K, of 0.01 is approximately
within one order of magnitude of all the
estimates of K. In sum, the K, of 0.01 is
a best estimate which contains
approprizte recognition of studies with
higher and lower values of K,. It should
be noted however, that the uncertainties
arcund this estimate of K are such that,
an appropriate estimate of K, could lie
between 0.003 and 0.03.

The estimates of K, given in Table 15,
are derived from studies with four of the
five highest K, values. That is, there is
some bias in examining the value of K,
independent of the K, in the same
studies because it is likely that these K,
would tend to be slightly higher than
those derived from other studies. due to
the demcnstrated high power of these
studies to detect risk. The arithmetic
mean of the Ky's is 4.98x 10", and the
geometric mean of the Ky's is 2.91x 107,

To account for some of this bias when
estimating K. it is useful to examine the
ratio of Ky to K,. For the four studies for

O TR I 7 I SR T B N

arithmetic and geometric means of these
ratios are 1x10°%. Thus, 1x10"* js g
appropriate choice as the best estimate
of Ky/K,. Using this estimate of the r3*‘5
Ku/Ky and the preferred estimate of K,
(0.07). the preferred estimate of K,
would be 1x107* (Ky=1x10""
X1x107). A range of 3% 10°* 10 3% 10"
for Ku would appropriately represent
most exposure situations.

There is no evidence in this analysis
that would sugges! that & special lung
cancer potency is ascribable to a
specific type of fiber. Some of the
highest and lowest values for K, are
obtained from pure chrysotile exposures
(for example. K, calculated from data of
Dement et al. is 0.042: using data from
Peto et al. gives a K, of 0.0076).
Exposures involving a mixture of fibers.
including amosite and crocidolite. also
span a large range of values for K.
Wide differences also occur in the
results of separate epidemiological
studies of similar work conditions.

Some scientists have suggested that
some asbestos processes, such as
ashesios textile manufacturing. may
pose a greater hazard than other
processes. For example, mining and
milling appears to pose a lesser
carcinogenic hazard than manufacturing
processes. OSHA compared the polency
factors for lung cancer {K.} among
different epidemiology studies of
marufacturing processes because the
potency factors are based on risk per
unil dose. No consisient petiern of
differential lung cancer risk {i.e.. higher
K,'s) by process emerged. One study of
asbestos textile workers found a very
high risk while anather found a much
lower risk, and the same was true for
the two studies of asbestos production
workers and the two studies of achestos
cement workers. Therefore, the choice of
a midpoint unit risk for all industrial
processes (K, =0.01) is a reasonzble and
justified choice.

The best estimates of K, and K, were
utilized 1o estimale the mortality from
exposures to varying concentrations of
asbestos for different time periods
beginning at different ages. The
calculations are age, intensity and
duration specific. Tables 10 and 11 show
the excess asbestos-related mortality
rates from lung cancer, mesothelioma,
and gastrointestinal cancer
(gastrointestinal cancer excess is
assumed to be 10 percent of the lung
cancer excess). In these calculations.
Equation 1 and Equation 3 were used
with values of K, equal 10 0.01 and Ky
equal to 1 x10~* and the 197‘?‘U.S. male
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estimates based on more recent
background rates would be highe
Calculstions were done {or each 5-vear
age interval. and ther summed to giv 2
total Ifetime risk. The celeulations
performed to give the results in Tables
10and 11 assumed that the relative risk
increased following ten years after onsel
of exposure and continued to rise unty
ten years after cessation of exposure,
after which it remained constant.

Table 10 gives estimates of risk for
one year of exposure to asbestos al
various concentrations for workers
beginning exposure at ages 20, 30. 40, 50
&nd 60. It should be noted that
employees exposed at earlier ages show
higher risk of ail cance=s due to the long
period of time durinﬁ which it will bc
possible for disease 1o develop. One
vear of exposure 1o asbestos at 2 f/ce
slarting al age 20 may resull in a total
excess cancer risk of 343 per 100.000
workers.

Table 11 gives the predicted excess
lifetime rish of cancer for exposures of
one year. 20 years, and 435 years
assuming first exposure at age 25,

Several comments shouid be made
regarding the results in Tables 10 and
11. Though excess relstive risk is linear
ir dose. the excess meriality rates given
in Tables 10 and 11 ase not strictly
I'near in dosa. Therefcre. for example.
the risk at 2 f/cc is not exactly 4 times

the risk at 0.5 f/cc. though there is a
close approaimation. It should also be
noted that the risks for longer periods of
exposures do not appear to be a
straight-lorward multiplication of the
risks of shorter duration. In the longer
exposures categories, where exposure
will aflect older workers, some
adjustments have been made for
competing risks which are likely to
allect the death rate from lung cancer. In
addition, when Jooking at the total
cancer risks. it must be remembered that
these include the risk of mesothelioma,
which is related to time in an
exponential fashion.

As can be seen from Table 11. the
predicted risk from mescthelioma is

ADIOATAIEIY 20l 18 the lung cancer

risk for one vear of exposure and. about
one-half the risk value for lung cancer in
the 20-year exposure group. The excess
risk of mesothelioma after a lifetime
exposure (45 vears) to asbestos is
approximately one-third the lifetime
excess lung cancer risk. These
predictions comport with obsenvations
in several pcpulations, where mortality
from mesothelioma is observed 1o
Comprise approximately 50 percent of
the excess mortality from lung cancer.
Using the equatiens given earlier. and
bised on the calculations in Table 11,
OSHA predicts a tifetime excess risk of
total cancer for a lifetime exposure {45

vears) to 2 fcc as 6.411 excess deaths
per 100.000 workers. or approximatcly
64 per 1.000. Recognizing that a 20 year
exposure Lo asiesius may be angthnr
approximation of actual worker
experience of interest, the models
predict an excess cancer mortality of
4.392 deaths per 100.000 workers.

Reduction in the PEL from 2 f/cc to 0.5
f/cc reduces the risk from lifetime

exposure from 64 per 1,000 to 17 per
1.000. Similarly. for a 20 year exposure,

the risk is reduced from 44 per 1.000. to
11 per 1,000. representing & 75%
reduction in risk,

The lifetime risk from one year of
‘Bxposure follows a similar course. The

rIsh TECuces from 295 per 10000 81 2/
€c. 1o 74 per 100.00Q at 0.5

flec. As discussed abeove. this implies
that the life:ime excess risk from a six-
month exposure to ashbestos would be
approxima'ely 198 per 100,000 at 2 [/cc.
and 37 per 100.000 at 0.5 f/ce.

Lastly, Table 11 contains the risks for
levels higher than 2 {/cc, because OSHA
believes some industrial areas (such as
constructionj may be at these higher
levels. This pzpulation of workers would
consequernty experience a much greater
redaciion in rish by exposures to 0.5
f'cc. or less.

BiLLING CODE d510-26-
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Asbestos Prdducts

henoerson & Enteriine (197y)

Asbestos Cement Prooucts

weill et al. [1979)
Fineistein {1983)

Textile Products

Peto (1980;
Uement et ai. (inZ,

Friction Procucts

berry & Newhouse {1983}

Insuiation Progucts

Seiaman et al, {197y,

TndULATION APPLICATION

d>elikoff et al. (1979)

mIRInG-MILLING

Lidcell et al. (1977,
Nicnoison et ai. {1979]

rubino et al. {1979;

Table 9

Estimates of tne Slope Paranetlers ror Lung
Cancer (K{ and Mesotnelioma (Awl, Dy Process

N i hMAiUb
v

0.0047 (0.002b --0.0060)
J

G.0L33 (C.0U16 - 0.0000)

0.007 {v.U33 = G,13) le (4-ou)

0.0076 {0.000Y - 0.0z3 0.7 {0.3-¢)
L04¢ {0,023 - 0.2)]

0.0uGo (U - 0.uuk)

0.068 (0.004% - (.14, 5.7 {3-11)
0.020 (0.008 - 0.G30 1.5 [0.5 - 2.5,
0.00065 {0.0002 - U.0UI)

o

0023 (0.W0V - 0.7y

0.0051 (0 - 0.00y,

P values in parentheses represent the range of uncertainty around

the estimates of K, ang Ky

Tnese are computec on a stuoy

by study basis and calculations for each study are discussed 1n

the text.

- ————— s e N

R/ [2:0°)

1.7y

0.9z

0.84

g
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Table 10

Estimated ashestos related cancer mortality from a one
LEAT_exposure 1o various ficer concentrations

Asbestos fiber Cancer'mortality /100,000 exposed
concentration Mesothe-
(f/ml) Lung tioma vastrointestinail  Tota)

Age at first exposure: 20

0.1 1.2 9.5 .7 16.2
0.2 14.3 18.9 1.4 34.6
0.5 3.8 47.3 3.6 86.7
2.0 142,85 185.7 4.3 345.8
Age at first exposure: 30
0.1 7.3 4.9 J 12.9
0.2 14.5 9.8 1.4 ¢5.7
0.5 36.3 24.4 3.6 64.3
2.0 144.9 97.4 14.5 256.6
Age at first exposure: 40
v.1 7.1 2.} 7 9.9
0.2 14.1 4.3 1.4 19.8
0.5 35.3 10.7 3.5 49.5
2.0 140.9 42.6 4. i97.0
Age at first exposure: 50
0.1 6.1° 0.7 .6 7.4
0.2 12.2 1.5 1.2 14.9
0.5 30.4 3.7 3.0 37.0
2.0 11,7 4.7 12.2 145.6
Age at first exposure : 60
0.1 4.0 0.2 .4 4.6
0.2 8.0 0.3 .8 8.1
0.5 9.9 0.9 2.0 22.8
2-0 79|b 304 800 9110

' Estimated as 10% of lung cancer risk rather than calculated using
dose-response 1nformation.
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Table il

Estinated Asbestos Related Cancer Mortality per 100,000
Ly Numcer of Years Expcsed and Exposure Level '

Asbestos fiber Cancer mortaltity /100,000 exposed
concentration Mesothe-
f/ml) Lung 1ioma Gastrointestinal2 Total

| year exposure

0.1 7.2 6.9 0.7 14.6
0.2 14 .4 13.8 V.4 29.6
0.5 36.1 34.6 3.6 74.3
2.0 144 138 14.4 96 .4
4.0 288 275 28.8 591.8
5.0 360 344 36.0 740.0
10.0 715 684 71.5 “1470.5
20 year expcsure
0.1 139 73 13.9 ¢25.9
0.2 278 146 27.8 451.8
0.5 692 362 63.2 1123.2
2.0 2713 1408 271.3 4392.3
4.0 5278 2706 527.6 851) .8
5.0 6509 37 65G.9 10476.9
10.0 12177 6024 1217.7 13596.7
45 years exposure
0.1 231 82 23.1 336.1
0.2 460 164 45.0 670.0
0.5 1143 407 114.3 1664.3
2.0 &4 f1554 441.6 pdil.b
4.0 B441 2924 844.1 12209.1
5.0 10318 3547 1031.8 14356.6
10.0 18515 6141 1851.5 26507 .5

_ V Assumes exposure begins at age 25. Risks are calculated using L.S.
male lung cancer background rates for 1977.

¢ Estimated as 10X of lung cancer risk rather than calculated using
dose-response information.

BILLING CODE 4510-2-C
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F. Quantifying the Excess Rish From
Asbestosis

Many studies have found the
nonmalignant lung disease. asbestosis
among asbestos-exposed workers. In
fact, early occupational health
standards governing asbestos exposure
primarily sought to reduce the incidence
of asbestosis. Asbestosis is a type of

pulmonary fibrosis diagnosed on the
basis of & history of exposure 1o
asbestos: it is characterized by
radiologic changes 1o the lung.
breathlessness, impaired lung function,
and other clinical features of fibrosing
lung disease. Asbestosis can be

manifested in a range of degrees of
severity and can result in disability and
death.

Arn early response by the lung to
ashes!os exposure is formation of
plagues, which are opague patches
visible on chest X-rays. The presence of
plaques might indicate increased risk of
future development of asbestosis. but
this is not certain. Although the disease
significance of plevral plagues is not
clear, the presence of the plagues is not
normal.

Berry et al. {1979. Ex. 84~20) defines
“possible asbestosis" as a lung
candition based upon signs of early
2sbestosis. He ¢lassifies “pocsible
asbestosis” on the finding of basal rales
of cTepitations, radivlogica! changes of
varying degree. a falling gas tiansfer
factor. and restrictive changes in lung
‘olume or ventilatory capacily. The
definition of asbestosis varies among
different investigators. Berrv et al’s
definition of possible asbestosis. for
example. is not sufficient for the victim
to qualify for British Disablement
Benefit.

Asbestosis can progress 1o a disabling
condition where active work is no
longer pessible. Although no single
definition of disability exists, various
governments have adopted definitions
of asbestos disability to administer their
worker's compensation laws. Finkelstein
explains the system used by the Ontario
Workmen's Compensation Board:

Workers submitting claims to the
Compensation Board are examined by the
Advisory Committee, which recommends
whether or not & Disability Pension be
granted. There are no strict criteria for the
awarding of a Disability Pension for
asbestosis. but some of the factors
considered include a histony of “adequate™
exposure. a history of dyspaea. the presence
of crep:ations or clubbing radiographic signs
of pulmonary fibrosis and abrormal
pulmonary function results (Ex. B4—44, P. 496).

Asbestasis has been known 1o
progress or worsen after cessation of
exposure. probably due to irreversible
injury and/or the retention of asbestos
fibers in the lung. In add:tion to lung
function impairment, asbestosis
contributes lo increased asbestgs-
related mortality. Increased resistance
crealed by the tung obstruction can Jead
to heart failure.

Because of the many possible
definitions of esbestosis given by
different groups, the quantification of a
single risk essociated with asbestosis is
difficult. It is clear that material '
impairment from asbestosis occurs prior
to the onset of its disabling stage. -
Quantitative studies exist, primatily for
the disabling forms of the disease:
specificzlly. two separate studies
provide irformation to develop a dose-
response relationship between asbestos
exposure 3nd incidence of asheslosis
(Ex. 84-20 and 84—44),

Two definitions will be helpful in
interpreting the data concerning
asbestosis. [ncidence is the rate at
which new cases of asbestosis develop
in 8 given period of time. It is a direct
measure of the risk of developing the
disease. On the other hand. preiclence
measures the number of czses alive in a
population at a given period of time.
Numerically. it equals the sum of all the
incidence cases in the past minus &ll the
deaths that have occurred in pecple who
had develcped the disease. Prevalence
can be reflective of existing risk for
asbestosis in a population; prevalence
however. can be high for other reasons,
such as increased survival. Moreover,
incidence establishes a time sequence
whereas prevalence looks at bath cause
and effect simultaneously. The best
estimates of risk of asbesiosis have

been calculated from incidence data of
two studies Berry and Lewinsohr (F
84-254} and Finkelstein (Ex. 84—44)
OSHA has also examined provale-. .
rales 10 suz;ort @ quantitative
assessment of risk for asbestos. and
these data will be discussed first.

Berry et al. (1979, Ex. 84-20) studied 2
group of 379 men who worked at an
asbestos lextile factory for at least 10
years. Dust measurements were
available and were correlated 1o each
job performed for each year under
study. Health effects were correlated 1o
ctumulative expesure. Table 12 shows
the observed prevalence of crepita!isns,
“possible asbestosis”, and certified
asbestos for data from Berry et al.. as
taken from the fitted curve in Figure 4 of
their paper. Possible asbestosis was
dizagnosed by the factory medica) oficer
if he thought that a man was developing
signs or symptoms of early ashestosis:
50% of the men diagnosed with possible
asbestosis received certification witkin
the 3.5 years following this diagnosis.
The results in Table 12 represent a group
of workers employed after 1950, who
had a relatively short duration of fo!'cw-
up {maximum interval from first
exposure was 23 years). A higher
percertage of ashestosis would most
likely have been observed if the follow-
up period in the study had been
extended.

The abservations of Berry et al.
presented in Table 12 are probably
underestimates of risk. First. the risk
shown in Table 12 does not give the
probability of developing disease after
exposure has ended, but rather, reports
the disease found at one point in time.
Second. the data includes some workers
who may not have been followed long
encugh for asbestosis to appear.

TrElE 12

FRIVALENCE OF CREPITATEONS, POSSIBLE ASBESTISIS "AND CERTIFIED

ASBESTOSIS FOR CUMULATIVE EXPOSURES TO ASBESTOS FROM

BERRY et a1, (1579)

Cumvistive exposure, fiber/cc - years

Percent with

cond:tion Crepitations
1 37
5 65
10 86
15 100

Possitle Certified
Asbestosis Asbestosts
46 63
84 100
1i8 130

134 148
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These dats of Berry et sl demonstrate
severs features of the nature of the
asbestosis risk. The data show a
contincum of clinical response over the
range of doses: that is, these clinical
observations support the existence of o
dose-respanse relationship. Second.
these observations alse support the

existence of 8 low, or possibly no.
threshold for asbestosis. since there is
increasud risk at cumulative exposures
as low as 37 fiberfec-vears.

Berry and Lewinsohn (1274, Ex. 84-
254) have reported the incidence of
ashestosis in this same ashestos textile
factory. These data are prescrted in

Table 13

Incidence of Possible Asbestosis by

Cunulative Exposure

(ficer/cc-years)

0-4%
50-99
100-149
150- 19¢
200-249
300- 349

Finkelstein {1982, Ex. 83-34) looked at
tbe development of compensable
[certified] asbestosis among 201 workoers
at an asbestos-cemens factory in
Ontario. A dose-response relationship

Cumulative Exposure
Berry ang Lewinsonn

% Incigence

First employment
Before 1951

BOwr W
oMo WO O

wask developed using estimaled
cumulative exposures besed on plant
dust measurements and esing medical
information from the Ontario
Workmen's Compernsation Board. Table

TABLE 14

Table 13. A dose-response relationship

is appurent for the incidence data. but it
is not quile as consistent for the
prevalence dats.

After 190

.4

MY e (T

14 shows the incidence of certified
asbestosis cases as a function of
currulative exposwre from the
Finkelstein study.

INCIDENCE OF CERTIFIED ASBESTULSIS AS A FURCTIOM OF

Cumulative exposure
fiber-years/cc:

0-49
50-99

, 100-148
150-199
200-249

Finkelstein's (1982) observations may
overstate the incidence of asbestosis
because at autopsy. there was histologic
evidence of silicosis as well as
asbestosis in many men. Finkelstein
stales that “we have. nevertheless,
chosen to call their disease "ashestosis’
us we believe that is the pathologic
process of most significance. Most of the
parenchymal radiographic kbnormalities
were small irregular opacities and the
mortality pattern among the men was
aemeictent with the tnsir afforte of

% Incidence

asbestos.” On the other band,
Finkelsipin's study may have
understated asbesiosis risk by
examining only certified disability from
esbestosis, which is an advanced stage
of asbestosis. )

OSHA's estimates of risk were
derived from & simple lincar regression
of the incidence on the midpoints of the
cumulative exposure data of Berry and
Lewinsohn (Teble 13) and Finkelstein
(Table 14). A linear relationship was

sceimnd ot looct 4m tho meirt oetinyatirn

CUMULATIVE EXPOSURE FINKELSTEIN (1982

of 0.5 fibers/cc for 45 vears (or 22.5 fiber
veurs/cc). This assumption is consistent
with the fact that early stages of
diseases are observed at low exposures.
A similar conclusion is drawn in the
report of the British Advisory Commitiee
on Asbestos (Ex. 84-216. volume 2. p.
38). “The present authors come down in
favor of a dose response relationship
without a threshold {or chrysotile within
the range experienced in industry.™
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The results of each of the regression
analyses and predictions of incidence
for several dose concentrations are
giverin Table 15. At this time OSHA

k10 3110m1 18 e lrapolste the

dita using this model below the 0.5
fiber/cc level or above 10 fiber/cc level.
The estimates from the 3 cohorts differ
by an approximate factor of 3. This may
be inc.cative of some of the
methodological issues raised earljer. Itis
possible that the estimates made from
Berry and Lewinsohn's dats may be
underestimates, The maximum duration
of follew-up in that study was 23 years,
with &0 average follew-up of 16 years.
Obsevations from Finkelstein's data
{his Teble 1) demonstrate that only 41%
(23753 cases) of total incidence was
experienced in the first 24 vears since
first exposure. That is. 59% of the
2sbes'osis incidence was not expressed
until 3t least 25 years from first
exposzre. Thus, it is lihely that the low
incidence rales in the Berry and .
Lewinsohn study (and therefore, the low
estimste predicted by OSHA} are
reflective of the short follow-up period
for this group of workers,

» OSHA believes that the best
estimzies of the incidence of asbestosis
are those derived from the Finkelstein
data. They indicate that among worhers
expesed for a lifetime exposure 10 2 f/cc
of asbesios, approximately 5% will
develap asbestosis. Reducing this leve]
10 0.5 {/cc would reduce incidence to
1.24%. It should be noted that these risk
estimates represent incidence of
disaLling asbestosis. First signs of
adverse pulmonary effects are reported
to occur at lower levels.

G. Otter Quantitative Risk Assessments -

Since 1979, several scientists and
scientfic commitlees have estimated
risk associated with ssbestos exposure.
(Exs. 84-1. 84-2, B4-216. 84-256.) The
rish assessments are in approximate
agreersent. They all use epidemiological

TS L. B
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. TABLE 1% *

ESTIRATES OF LIFETING ASBESTUSIS INIJENCES '

Exposure levet, X Incicence '

fider;cc Berry: tafst e VI H .

Fincelstein Befcre 195 After 1550

0.5 124 0.48 6.3 f

1 2.49 0.69 0.59 }

: 2 4.97 1.7% 1.3 }
v 5 12.43 4.45 1.38 ¢
: 10 24.86 8.53 653 |
: t
. Sloge 0.055 0.020 0.015 b
. Re 0.575 S .994 ’

environment to generate quantitative
estimates. Animal studies are used to
only support and justify methodological
procedures and ass;mpiigm

qua!i‘.a‘.i\'e.'y. For lung cancer. scientists
generally accept the linear model
relating increased asbestcs gxposure 10
risk and generally accept the lack of a
threshold. As stated by the British
Advisory Commitiee on Asbestos: “For
lung cancer. the availahle data in man,
all of whick are derived from industry,
show an increase in risk with increasing
dose of dust. and we find ro evidence
within the range of dust levels studied
for a thresh.c!d of dose below which
there is no evidence of risk” (Ex. 84-216.
P- 55). In g=xneral, all the risk
assessmernts use cumulative exposure as
the measuse of expesare for all cancer
risk estima‘es {cumulative exposure
equaling intensity times duration of
exposure}.

Given the uncertainties inherent in
quantitative risk assessment, as well as
the inevitable variations in findings
ariong the many epidemiologic studies,
OSHA believes that the different
Quantitative risk estimates agree
relatively well. The variations that do
exist can be explained by the
assumptiors made or by simple
methodological differences. Some
variations may be due to d:fferences in
the work environment used in the
assessments.

For example. Crump's assessment,
given as testimony to the Ontario Royal
Commission on Asbestos in August
1981, contains quantitative estimates of
risk for geveral studies. including
smoking-specific risk estimates. Crump
does not give & best estimate of risk or
an overall risk estimate. His estimates of
risk are based upon an assumplion that
worker exposure that would result from
a standard set at a 2 fiber/cc Jimit is
actually much lower than 2 fibers/cc.
That is. his risk estimate under 8 2.0
fibers/ce standard assumes that aversoc

fibers/cc (p. 49). He reduces this leve!
bv 8 factor of two 1g account for
cifferences between persona) and static
sampling {p. 50). Thus. Crump’s
esiimates for a 2 fiber /e standg; 2 will
be four times lower than those estimates
made by OSHA for average worker
exposures of 2 fiber/cc, Such differences
in assumptions should be kept in mind
when comparing risk assessments by
different aythors (Crump's estimate at 2
flec would be compared to OSHA's

estimate at 0.5 {/cc), OSHA has
presented the risk as if the working
population were exposed 1o an average
concentration of 2,1 0.5 and 0.1 fibers/
ce reflecting OSHA's belief that a
standard of 2 f/cc does not preclude

ll'ﬁ?hr expasure at l!ﬁa! ]e\'e]. in fact
Exposures may even exceed 2 f.bers/cc
for short periods and stili produce an 8-
hour TWA below 2 ficc.

The report of the British Advisory
Committee on Asbestos contains one of
the first quantitative risk assessments
performed for asbestos. This was
Gardner (Ex. 84-243). The report
describes risks for lung cancer,
mesothelioma, other asbestos related
cancers and asbeslosis and it contains a
rather thorough description of the health
hazards associated with ashestos

exposure. The British report’s risk |

esiimates for lung cancer do not differ in
8 major way from OSHA's estimates.
For example. with regard 1o exposure ta
chrysotile, the Acheson and Gardner
update states that “We concluded that.
for example, an excess mortality from
asbestos-related disease of 2 percent
might be associated with any pointin a
range of from 5 fibers/ml 1o 0.4 fibers,/ml
and that bearing in the mind the very
considerable uncertainties a figure
towards the lower end of the array [0.4
{/ml] might represent an appropriate
compremise.” (Ex. 84-243. p. 14}. As a
comparison from Table 11, OSHA's best
eslimate of risk is that an exposure to
0.5 fibers/ce (ml) would result in a 1.2
percent increase in deaths from lung
cancer (or 1143 excess deaths per
100,000).

V1. Technical and Economic Feasibility

Based on en evaluation of evidence
contained in the record, OSHA finds
that the provisions required by the ETS
are technically and economically
feasible. OSHA has examined the
various industries and work operations
impacted by the standard and their
ability to comply with the provisions of
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essessed the industry's ebility to
implrment the required controls
immediately.

The ETS allows considerably
Nl sibility in achieving the PEL. As &
resclt, three options arc sveilable to
lower the asbestos fiber concentrations
1o which workers are exposed: (1)
Engineering controls such as sutomatic
bag opening devices. specialized
vacuum equipment and increased
ventilation: (2) work practices, such as
wel treatment of the ssbestos materiu}
and increased clean-up of the work
place. and (3) use of e;proved
resnirators. Due o the emergency nature
of this action which reguires immediate
response to reduce warker exposure,
OSHA assumes that reepirators will be
the initial method used to compiv with
the ETS. A full discuss.on of the
technological and ecor omic feasibility
of the alternative methads for euch
industry and for the various PELs under

stundard will accompeny the proposal
which will be published separately,

(OSHA believes thal. consistent with
the estimates of currer exposure levels.
engineering controls «re currently in
place and work pract:ces. in operation
which. if applied cons:ientioushy. would
immediately resull in ¢ancentrations ai
irast as low as 0.5 in many industries
(Fx. 84-262; Ex. B4-263. Fx, B4-9 and Fx.
84-2u5}. For purposes of asseesing the
technological and economic feasibility.
however, OSHA asscmied 8 worst-case
scenatio in which eack industny segment
would have to implerent & respirator
program in order to achieve immediate
reduction in worker exposure levels
helow the estimated curtent

concentrations. Furthermore. l'or
purposes of worst-case unalisis. OSHA
assumcd that none of these industries
has any tespirator program except for
the shipbuilding and construction
segments, OSHA makes this assumption

- because OSHA estimates thal mos!
workers in industries other than
shipbuilding and construction are
exposed Lo eight-hour time-weighted
averages less than 2 f/cc, and the OSi LA
standard issued in 1972 only requires &
respirator program when engineering
controls and work practices cannot
bring exposures to 2 f/cc. To the extent
that some firms do have ar existing

respiralor program. the costs are
overestimaled.

A. Techuice! Feasibility

The following table presents the
assumptions OSHA made regarding the
respirolor program elemen!s required by
each industry 1o otrtain a PEL of 0.5 f/cc.
The types of respirators needed for each
industry sector were determ.ined using
the respirator selection table in the ETS
with reference to the estimsted current
exposure conditions. OSHA assumed
that the least costly approved respirator
would be selected. For example. where
industries have exposures less than ten
times the PEL. OSHA antici;ated that
disposable respirators wouid be
purchased. because of their lower short-
term corts. When exposures exceeded
ten times the PEL. OSHA assumed the!

“some plants would either use air line
respirators. or ful] facepiece respirators.
depending upen the operation. To the
exicnt thet firms choose a higher-cost
respirator 1o increase the protection
factor or durability, respirator costs ma

z

be understated. Furthermore. OSHA has '
not included in the cost analysis o

consideration for lost worker

productivity due to wraring tespiritors '
Cosis mey b undoviated by whatev o

amount productivity is reduced. Other

anticipated respirator program elements

required to determine costs for the ETS

are listed below. These elements are

derived from the existing provisions _

found in the Asbestos Standard. 26 CFR

1010.1001 and the standards for

rpspirators, 20 CFR 1910.134.

All of the required respirators ard
filters are resdily available and can be

purchased through local distributors.
Since the program relies mostly on
disposable respirators, OSHA considers
that there wil! be no supply consiraints
As the woret-case {or high) estimate,
OSHA assumes that approximately
50,000 workers will wear respirators
because of the ETS whe did not
previously wear respirators. OSHA has
concluded that the use of respirators
will be effective in providing improved
worker protection during the period of
the ETS. [n addition to enccuraging
generally more widespread use of
respiratory protective measures. the FTS
will stimulate a heightened
understending of the health hazards
from asbestos exposure and will result
in more effective use programs und
sirategies. Issues involving the
appropriateness of respirator use as u
long-term solution to controlling
asbestos exposures are raised in the
section 6{b] rulemaking proceeding (sct
Ex. 84-345, 84-346. B+-347, 84-348}.

BILLING CODE 4510-26-M
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TABLE 16

Anticipated Respirator Program Elements Required to Meet PEL

Incustry Segment

Anticipated Type of Kespirators
Used to Meet the PEL

Other Program Eiements

Primary Manufacturing
A/C Pipe & Sheet
Friction Materials

Asbestos Paper
Gaskets

Floor Tile

Paints, Coatings and
Sealants

Textiles
Wet Process

Ory Process

Secondary Fabricators
Cement Sheets, Paper
Products, Packing

and Gaskets

Textiles

Automotive Aftermarket
Kebu11ding and Refacing

| disposable/workday/worker
2 air-Tine/plant {for high
concentration situations)?

K disposable/worker/day

for portions exposeu at 0.75

(Nothing for PEL of 0.5)

I Qisposable/worker/cay for
75% of wcrkers

1 disposable/worker/day

1 disposab!e/worker/day

] disposabie/worker/day
2 air-line/plant for high
concentration situations

i disposable/worker/day

] disposable/worker/day
| air-line/gpiant

Full aamn. costsY
Fit Test®
Training

50% admin. costs
Fit Test
Training

75% admin. costs
Fit Test
Training

Fuil admin. costs
Fit Test
Training

Full aaomin. costs
Fit Test
Training
1X admin, costs
Fit Test
Training

1% admin.
Fit Test
Training

costs
1% admin. costs

Fit Test
Training
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Respirator Frogram Requirements (Cont.)

L

Anticipatea Type of Respirators '
Industry Segment Used to Meet tne PEL Uther Program Elements

brake kepair hothing
bascline Stations Nothing

Shipbuilding/Repair Z0% of agmin, costs
Shipbuiiding hothing Fit Test '
Ship Repair 1 disposable;worker/day for Training

¢0% of tota: worxforce

------------------.----.---------------.-------—------------------------------------—-----

d0SHA assumes that certain Jobs such as cieaning of vacuum equipment will proaouce
exposure levels greater than 10 times tne PEL. Consequently, U3HA assumes ¢ air line
respirators will be required per plant except for small operations which will require
gniy one air-iine respirator per piant.

Administrative costs represent the salary of one full time professional at $30,000
per annum and one fuii time GClerx .at $i5,000 per aanum. 03nA nas aggusteaq
aaministrative costs to represent exzected rezsonadbie time spent agministering 3
tespirator program in each industry. In the secondary fabrication and automorive
aftermarket sectors, for example, UO3SmA anticipates that supervisors will spend 15
minutes a day @istributing and monito. .ng the use of disposapie resp.rators. T1nese
sectors have far less of a managetent burden than large firms, and thus,
auministrative costs are caicuiated at | percent of the fuii aam.mistrative amount.
OSHA believes that administrative costs have been overstated in most segments in order
to present a worst case scenerio. ) .

COSHA assumes that every employee must be fit tested for respirator use at a cost of
321 per employee.

uShA has allowed 3 hours for respirator ana asbestos training, OSHA considers that
this s very liberal, especialiy in inaustry segments characterizea by smaiil prants
and by the use of disposable respirators. Ceosts for this element are therefore
overstatec to present the worst-case scenario.

BILING CODE a8 0= 26-C

s

(onstruction 10% admin. costs
Instaiiation ! disposabie, worker, day Fit Test
A/C Pipe Training
A/C Sheet
&=
Roofing Felts Nothing ;ﬂ_ﬂk
Uemoiition/kenovation 1 HEPA full face for 25% aamin. costs i
¢5% of the wirkforce Fit Test
Training
Rezair & Maintenance hothing B
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OSHA also examined the feasibility
of analvtical methods for measuring
asbestos air concentratiuns &t the 0.5/
cc limit established by the ETS. 05iiA s

existing standard reguires that &l
measurements of sirborne
concent:ations of asbestos fibers be
made by the membrane filier method at
400-430 ¥ (magnification] (4 millimeler
objective) with phase contrast
illumination {29 CFR 1910.1001(e}). After
reviewing the relevan! evidence made
available since the 1975 proposal. OSHA
finds that phase contrast microscopy is
8 feasible and effective method for
medsuring sirborne ashestos fibers to
determine compliance with the
permissible exposure levels set by the
Emergency Temporary Standatd.

The most important issue raised by
cumments to the 1975 notice is whetker
phase contrest microscop: analysis is
capable of reliably mess.ing airbarne
concentrations of 0.5 fibers/ce and less.
OSHA acknowledges that ashestos
wirborne measurement procedures using
phdse contrast microscopy. as with any
industrial hygiene analytica! procedure.
inherently contains several error
sources. These errors heve been
statistically evaluated by Leide! et al.
[Ex. 8462} and. in 1979 by the Air
“Monitoring Commitiee of the Ashestos
Information Associatior. o th America.
referied to herein as Al3 (Ex BE-002}
Loth using round-robin sample exchange
deta. Cliatfieid also examised this
cuestion (Ex. 84-318). In the Leidel et al.
and the AIA evaluations. the error,
measured as a8 coefficient of variation
[CV). was found to be relsted to the
number of particles counted from the
filier. For 100 fibers counted Leidel, et al.
founc a CV of 012 whersas the AlA
ieport found a CV of 0.35 " or e110rs
pssocialed with interlaborutory-
intrafilier variability.

Based upon these studies. 1aken at
their face valve, it appears that the
phase contrast microscope analysis is
capable of reasanably reliable
measuremenls at 0.5 fibers/ce. As stated
it the AlA report {Ex. 86=002, p. AB-2}.
“The calcuiated resulls indicate that the

" The ATA neport alsi repor's o sepatate CV for
werall variabibiy m the gamiph Pysiuet n step
us “ran lom vanahiling et semple callection
P Tois “random var il of sample
et ian” e dest vibed 1e this study may be s
Nt asure of the true ol rence 1o wir come entrations
frovs onc locatior ' the nest and ey not be @
meesate L rendan vatiel by A miere carefilly
di < 2ed samphing S'rutegy with presoak conbio! of
Instrumetiahor placemer! i eyrents wnd dost
EVNELalnen s nrcessary o ehiane's d-fHerences in
ailiomm dusheaneen e oo o 02 ke ghor 10
Y

85°- conflidence limils on a measyred 8-
hour TWA (e~ be relatively constant
with 8 wice bul usable. range down to
concenita’ “ms arproacking 05 fbers/ee
[less thanisnd ™

The AlA zeport shows  higher error
than does the Leidel et al. report. One
possible reason for this difference may
be that the AIA report assessed the
variability in measurements as they are
being made today by the many
leboratories who are making the
measurements. For example. onlv 27 of
the 46 labo-atories particinated in the
PAT prograr. ard no counting guidelines
were giver. whereas, the Leidel et al.
report incjuded only a smell number of
lsboratories operated by Johns
Mansville Company. that probebly used
very similar procedures and conducted
similar t1aining.

In late 1932, Chatfield prepared a
report enti'led “"Measuremer: of
Asbestos Fibre Concentrations in
Workplace Atmospheres” for the Royal
Commission on Matters of Health and
Safety Arising from the Use of Atbestos
in Ontaric {Ex B4-319}. Chatfizld
enalyzed intra-and inter-laboratary
variabili'y ard arrived a! conclusions
somewha! similar 1o those of AlA and
Leidel Chatfie!d also recemmended
methods by wkhich the accuracy and
precision of phase contrest microscopic
analytice! techniques cou’d be
improted. Sigrificantly. he noted “in
view of the number and frequeney of
medsurements required. there is
currently no fully developed allernative
method |to phase contras! microscopy]
which could be immediataly
implemented.”

OSHA rates that the auhorities cited
ebove believe that it may be possible to
reduce phiese contrast microscopy errors
ilimproved and standardized
procedures are followed. perhaps by
adding requirements 1o the s'andard. 1
does not appear, however. that
improvements of this nature can be
quick!y made in the immecisa'e format of
this ETS. Therefore. based on the
evidence befere it at the time of
issuance of this emergency standard,
OSHA believes that it is generally not
possible to measure askestos
concentrations below 0.5 f/cc reliably
and reproducibly using phase contrast
microscopy under current faboratory
practices. OSHA finds 1hat the phase
contrast micrescopy method can be
feasibly uscd to measure ashestos air

e

" B. Econon:: Feasibility

The indus'ry costs based on the
program elements described in Tah's 16
are presented in Toble 17 For the F16,
the costs of asbeslus training are
included with respirator training Costs
for warning signs are not included.
since. for the purposes of the ETS. these
signs could be hand-made at very low
costs. OSHA did not analyze costs
associated with the alternate benefils
scenario (See Table 4) since that
scenario was constructed to show a
lower range of benefits but does not
represent a1 estimate of current industry
praclice,

The cos!s are overstated Lo the extent
that some firms already have a current
respirelor program and 10 the extent
tha careful application of existing
engineering controls and work practices
would reduze concenirations 1o the PEL
in some firms and thereby make
Tespiralor ¢se unnecessary.
Furthermore. the costs assume that! dust
masks and f:):ers will bave 1o be
replaced every 8-hour day. Some of this
cost {i.e.. the disposable resgirators,
filters and administrative overhead) can
be in fact spread over the period during
which the ETS s in effect.

Finelly. the cnsts astigned to the

hipbuildinz /Repair and Construction-
Demolitior,'Renovation segments
represent cost which reflect increzsed
compliance with current obligations (e.g.
increzsed respirator use {c meet the
curreni standard es a result of the ETS
training requirements) and are nol
directly atiributable to the ETS.

Note—0OSHA anticipates thai the ETS will
spur miany empioyes who previously were
nolin comy.iace to ey pend the nececsary
ressurLes in onJder 1o come int.

wilth the ETS

- a
Losiig @ u e

The fota! cost is estimalnd at
$35.565.402 for 6 momibhs. This trarsla.cs
into an average cost pe:r emplovee of
$708. Average 6 month costs per worker
presented on an industry basis in Table
17 range from $251 in the automotive
aftermarket segment to 5973 in the
construction segment. These costs are
not a Jerge porticn of industry shirme 1s
as presented in Table 18. Moreover.
firms in these industries will be able to
pass the cos's forward because asbes os
substilutes in mos! indusiries are not
immedialey availablie. For all these
reasons, OSHA finds that the ETS is
ecoriomica'ly fessible.

BILLING CODE 44 10-20-M
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Tavle 37

Estimateg Costs of hes,.rator Prograx
for €75 mitn PE. ot 0.5

Toter Lasts {§) b-00. average
Industry Seivert | - year b - montns Lost/erployee
Prigary manufaciuring B, 44983 4,143, 28¢ Ry .
Secondary Fabricators 13,347,224 9,435,532 b4b
AulOomotive Aftermaret 1,020,197 1,027,504 25)
Smipbuiiging/reparr 6cb, 2 324,58 533
Censtruction 36,3257 19,534,235 ﬂ;_
Total 53,5¢6,4i2 34,505,402 708
latie g ‘

E15 Compliance Costs compared
to Sales by Incustry Segment

Incustry Sejrent Cost/Sa.es
Frimary barofacturing 003

AC ripe b Sneet L0l2

Frictsn materials 008

ksoestos Faper 03

Paints, Coztings anc Sealants .00%

Gasiets, Seals anc Fatuings .001 .

Teatiies Oi4
Secorlary Fabricators DO

Cement Sheets 072

Pager Prouwcts L1

Faicings and Gaswets Q13 .

Textties g Lid

Automotive Aftermarnet

Retuiiding ano Refacing 0004
Srprurlcing/kepasr Rev .
Construction . 0004

hote: Sales values are for 1977 ara 1978. Yalues for Prinary

Marufacturing ana Seconcary Fabricators were taken from 84-003;

vilues for the Autorotive Aftermarket were taken from U.S.

Ingustrial Qutleok, 1953; ang values for Shipbuilding/Resair ana

tonstruction were taken from the 1982/83 Statistical Axstract. Toe

vaiue for [onstruction was acjusted by scosiracting the vatue for

Higneay & Streets and Resigentral anc a00ing  tre vaiue for '
Lerciition/mrecuing, . .

BLLIING CODE 4516-26-C
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il I:Zm-ironmenlal Impact,
Reguirements of Executive Order 12291,
and the Regulatory Flexibility Act

The Nationa! Envireamerta! Policy
Act [(NEPA) of 1960 (U S C 4371 et seq ).
as implemented by the guidelines (40
CFR Part 1500) of the Council on

Environmental Quality {CEQ). requires
that federal egencies assess their
regulstury ections to determine if there
i8 3 potential for a significant impact on
the quality of the human environment
#nd. if necessary. 1o prepare an
envircnmental impact statement.

In accordance with these
requircments and DOL NEPA
reg:letions (29 CFR Par: 11 {Subpart B,
1130 {a) (45}) OSHA hed determined
ihat brcause of the emergen:y nature of
this ¢landard. no envirenmesntal impact
statement will be perpered for the ETS.
The courts have held that NEPA does
rot rejuire advance preparation of an
ervironmental impact siatement for an
OSHAETS (Dry Cosor Mz fortusing
Assewation v, US, Drog: izent of Labor
445 F.2d 98. 107 (3rd Cir. 1973)). OSHA
will zscess. however the environmenial
effects of the proposed permarent
regulation of ashestos Theresulis of
this study will be available for review
and comment prior to the h=srings on
ike proposed pernianent standard and
wi'l be an appropriate issue for
dlecuseion ai the public hearing,

Inthe interim. OSHA welccrnes any
carmTens on any envirenmental effects
thet rizht occur as a result of
promulgation of a rule on asbetes.

Pursiant to the autherity of Section
8(a)(1} of Executive Order 12291 OSHA
has nut prepared a Rezulatuny Impact
Aralysis ol this ETS. Preparetion of
suth an aralysis was not precticable for
OSHA to performiin time te issue this
ETS to respond ta the grave damgers
fuced Bv asbestos exposed workers.
OSHA. however. is completing a
Prelimnary Regulatory Impact Analysis
ol the rroposal 10 revise the permanent
standa:d whick will be made public at
the time the proposal is publisked.

" The Regulatory Flexibility Act
requires an agency lo prepare a
Regu!atory Flexibility Analysis only for
those rules for which a not.ce of
proposed rulemaking is published.
OSHA's issuance of an ETS therefore is
net covered by the Regulatory
Flexibulity Act because the OSHA Act
provides that ETS's be issued without
regard to notice. public comment and
other requirements in the
Administrative Procedure Act. The
proposal to revise the permanent
ashesios standard. however is subject 10
l

I T P T TR . S

the proposal 10 ascertain whether
analys:s under the Rrgula‘ory Flexibility
Aclis required.

V1T Summary and Explanation of the
ETS

The requirements of this emergency
temporary standard are se! oul in a new
paragraph. § 1910.1001(k}. They are
limited to additional provisions ta the
existing asbestos standard which OSHA
considers essential and feasible to
protec! employees from the grave
danger resulting from asbestos exposure
until OSHA can promulgate more
comprehensive revisions in accordance
with section 6(b] of the Act. The majer
changes in the standard madc by the
ETS are: (1) The new permiss iile
eaposure Jevel: (2) methads of
compliance permitled 10 achieve the
new level: and {3) 2 requirement for the
establishment of training programs
within 30 days. The following section
discusses the major provisions of the
ETS. the necessity for including these
provisions in the ETS. and some
additional provisions to trigger certain
requiremcnts at the reducesd permissible
level of 0.5 f/cc.

Y. Percgrop® (A)(1) Sceze. As part of
the ETS. O%HA is adding a paragraph
on the scepe of the standard. The
paragraph is intended to make cleqr that
the emergency standard zpplies to ali
waorkplares where employ ess may be
exposed to asbestos in al! industries
vevered by the current asbestos
standard Je. general industry,
construction and maritime.

2. Poregraph (h)f2) Perrissible level
of exposure As part of the ETS, OSHA
is adding paragraph (k)(2) which seis a
new PEL. eflective immediately, of 0.5 {/
cc on an 8 hour time weighted average
basis. Thie redoced Jove! may be
achieved by any feasible combination of
engineeting canitols, work practices and
respiratory protection in o:der o allow
employers 1o institute effective
measures o reduce emplos ee enposures
immediately.

OSHA chose 0.5 {fcc as the
permissible exposure level primarily
berause il believes that reducing
emplovee exposures 10 0.5 f/cc in all
industries will greatly reduce the risk of
developing asbestos induced cancers,
primarily lung cancer, mesothelioma and
gastrointestinal cancer. As sel out in the
discussion on “grave danger” and
“benefits”, the number of ives OSHA
believes may be saved through an
immediate reduction of exposure t0 0.5
f/ce is substantial.

OSHA elso believes that the 0.5 {/cc
level is appropriate for several other

employers musl be able to comply with
the standard in a short period of time.
OSHA has set a level which s likely 1o
be achieved immedistely. using
equipment and control techmgues that
are currently available.

Second. OSHA believes. based on the

data generated by OSHA's cantractor.
Research Triangle Insiitute. that some
workplaces. especially in the
manufacturing sector. may be close to
achieving a 0.5 {/cc level through the
more rigorous use of engineering
controls, work practices and
housekeeping methods which are now in
place. OSHA encourages employers lo
ccntinue their efforts to implement these
methods in order to assure thal, for the
long term, the mos{ comprehensive and
effeclive program of protection from
asbestos exposure wiil be provided.

Third. OSHA believes that reliability
of the currently required ashestos
measurement methods lo measure
asbestos exposures less than 0.5 {/cc
should be open for discussion during a
rulemaking hearing. rather than imposed
through an ETS. OSHA has therefore not
adopled the 0.1 {/cc level petitioned by
the unions bu! instead is considering
adding provisiuns to the asbeslos
standard that may improve the
reliability of both sampling and analysis
in the 6{b] rilemaking fnr the permanent
sfandard and thus allow lower Jevels to
bie reliably measured.

3. Puregroph (A )37 Methods of
cormsplionce, The ETS adds a new
paragi aph (k}(3). which permils
employers 10 reduce the permissible
exposure limit from the current 2 ffcc
limit to the 0.5 {/cc limit by any feasible
combination of engineering controls.
wok practices and respiratory

paragraphs (c)(1) and [c](2) to first
utilize engineering contrcls and waork
practices to reduce exposure levels to
20 f/ce remains ynaffecied by this ETS.

Flexibility in choosing compliance
sirategies for the period of an ETS has
been incorporuted in most other
previously issued emergency stancards.
The policy reflects OSHA's
delermination to crafl emergency
standards that are truly responsive to
emergency conditions and which afford
immediately available protection to
ailected workers.

4. Paragroph th){4) Employvee
information 6nd training. The ETS adds
a paragraph to the asbestos standard
requiring the employer 10 provide a
training program within 30 days of
publication of the emergency standard
for all employees whose exposures are
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TESTAMNTS and o accurs that )l sk
ETTOVECS Lathitipaty 1n the Progiun.
end ere informed of specified chteg i
olimfrm o QRS ¢ LI
PIOMIBION to be “Recessary™ watb 1oy
mean:ng of section 6'¢) of the A, 10
reduce the grave canger faced by
esbestos exposed erpiovees. The
ahsence of 3 trainirg program
requirement in the ashestos standard
has been pointed out gs one of the
strious deficiencies of the currant
stancard. OSHA Lelieves thyl
Patticipalion in an adequate training
progamis eseential for the protection of
eMpicl ers becatse moct pretective
provisiazns enlist the emp!, MEEEs g1
8U10e pattitipant For EXamplC, miat
eTrlove e handling esledlos desesd on
effec tine wark Pract ces Witk

Vair ngin epiing e work
Praciors emplovee 2ot iton wol s be
medvquate. Where e ¢mployer pleve s
Tk pessive role b R protection < ch
et White encineening contiols are e led
U0 training is alse eacentinl becguep
the emplivee most bmon the souari vy of
WOra Pl ashostod car taminetion on
the heal h bazards of Lahiesten N -,
I CrSer to assess bis punn [ SNTTIH
Sitaetien and to kg TEOUgT v whe
EPETOELnE (ORI M e R0t Cerans
Prgerly Cemtainy wbeey kool . ;e
Plivsaninmprriunt <0 ngy ~rrol
Hetuehon 2heut R e e Cring
mettads fur exary e iy Guent
Velueming e pagint! Py thaps nooar
Py crtanly whiere Clew Prutect,on
dipinds ypen resperetor use, QSH A
Expeitmie shinge 11, ning
emplaners in the vee 12 gnd
limitations of FESE ety s (ritical
the e Mee b ¢ g of - Srilor

c
Ploiocten According, this TEqLiTe ™ nt

Fpphes where aitlore cong R TR
AP TS One N e L e 10 enceed 0 5 1
ceoven femplove. s goe tpiralnce ty
red e brcathing v, oy Ptretine .
@il thitela camply w otk the ETS.

Ac st fortk in Parezraph (k]i4) the
employer must inform the ¢mplovee of
the bealth effects of ashiestos exposre;
the rdationchip Letween ashestos and
smoking in Producing lung cuncer. the
Operalions exposing eriplovees 1o
asbestos fibers ang NeCEShry proteltive
Steps to nvnimize exposure, the Purpnse,
Proper use. fitting inctructions and
lin.itations of respizators. angd the
contents of wll the previsians of thy
Asbestos Standard a1 1810.101

S craeraphfhre 2utory
profction durng th: ETS. The FJ 6
‘adds & new Paragreph [MN5) which
clodes a tehle whe b fes iespirata:
Selechon 1o the 051 ¢ PRI Under the
ETS the concentration cut-ofis for

multiples of the ri-duced PEL of 051 /c0.
rather than mulinlig of previoys 24!
£Cpurnisstie limit Fur o vample,
#piroved ad put ing o el may
e used ezly where gl . voog '
concentrattons are not exrie cteg 1o
exceed 5 ffec {10 the PEL). B-fore the
ETS. because the PEL w5 2f/cc. such
respirators could be used where
asbestos concentratione would not have

excecded 20 f/cc (10 x the PEL of 2f/ec).

Simila:ly. powereq ajr purifying
respirators may be used where 4sbestos
voncentrations do not exceed 100 fimey
the PEL. which a the new Jev elof 0.5 1/
ceis 804/ ¢cc Previously employery
could have used such resniraturs g
Contentrstions up to 200 f /L

Iris 1hely that the main impat of the
rec.ted PEL on Tespirator chouice will Le
In operat sne angd md_srles whire
exprsire levels are letvween 5 f/ic and
201 ¢cc. Fermerly, ermploiees expesed r:
thee range covld vep kalfimeaek air
punifving respirators, poy they must be
Pritected by a pawered air paridying
Tespiratoror a ful) face: oce respiralor.
or they rmay yse & seppled wir
Teeniraior

I KIS AR VLIS LR
¢ =ng ke £TS The ETS regiires that
Teg bl sigrs wWerning af the ke, lth
heierde of audiesiys Le cpleved at
Bntions where airhioes . CUSLER At
O el €t Al i oy oy theneduied
Evirsmebmuefus e Ny spec. i
lezend is required signs fur newly
rosied doring the ETS. O8HA wizhes (o
make as practicable ac possbie the
razid posting of signs. Fspecielly in
workplices where there has Liecn
Previovs non-compliznce and in aregs
where aslhinglos CORCen rations wire

farserly below the 207 ¢ PEL

XI. Public Participation )
Interes"ed prrscns gre invite d 14
SLUTH written data Wy and
@IRLMCRIE with respect te the revieions
to the ashiestos stardard made by the
ETS These comments musy be
postmarked on or before lenuary 3. 1089
anc sent to the Docket Oficer. Docket
No H-033C. Occupational Safely &
Health Admiristration, .S, Degartment
of Labor. 263 Canctitution Avenue, NW
Ronm §—6212, Washington, D.C. 20210,
The data. views and oTLumIENts that
are submitted will be available for
public inspection and copving al the
#hove address Al timely written
submiss zns will Le mad o part of the
record of the pruceeding .

List of Subjects in 25 CFR Par! 1819

Ocrup stional safcty end health,
A b .. wr L

--_..-_..——___-_——-_.__,

e s —

Authority and Signature

Toadarument was picpared undi
the oo v of Thorn, G Auckier
Ao Gy ervel et £y
O, copunional Safety ang Health 1S,
Dy artment of Lahor, 200 Constitution
Avinur NW, Waskirgton. DC 2010,
Pirs.ant to Sections 6%} Bie). 8{¢] and
82! of the Act, 29 CFR 1910.1001 is
amended by adding a new paragraph (k)
as se! forth below,

(Sees b}, oie). B(t)and 8,¢1 Pub L 91-5a¢,
B Seal 1363 1596, 5504 160) 2ULUSC 635
65 Sec 10~ Pub. L 91-54 K3 Sig1 96 140
USC 333 2a CFR Par ju11. Scereteny of
Letor s Order N gugs {46 FR 33738

S.red Waskington DC th « 2nd day of
Nosm s qus
Thurre G Auchier,
J‘-_ . Saan -

N VI S D
PART 1910—'{AMENDEDJ -

Section 1910.1007 of Part 193t of Title
28 of the Code of Federa) Regiilitions is
here's amended by adding & new
paragrerk (k) rezding as fallows:

£1910.1021  Asbesios.

EENCY lenpoiasy srendend
e November 4. 1855.—{1) Scope
ATginey temporary standad is
g2 d pore Lant to cogtion 6.c] of the
Actend erplies to all workplaces whire
emploiees mayv be exfused 10 axbestos
ir alindicires covered by the Act,
incliding general indusiry. construction
872 mertime Except to the extent
mod.figd by this ene TRETCY temporary
standard all provisions of § 1910 1009
Femein in effect.

(25 Pemm snible fevets of ¢ Nin ke
The 8-hoor time-weighred at trage
87 U0°TT CORCEniTation of axtieete
fihers 1¢ which amy employee mes be
exposed shall not exceed Gre B IF {51
fiber longer than 5 mirromiers, pet
cihic cerntimeter of air. as det Tmined
by the method prescribed in Petagraph
{e: of this section.

{13) Me hads of compliunce verd the
ELLCIRe NCY temporary stasnderd,
Notwithstanding any other requirements
of this section, compliance with the
recuced exposure limit of 0.5 f/ce shall
be achieved by any feasible
combination of engineering cantrols,
work practices. and persona! protective
equ.pment and devices.

(8) Exipleyee information ond
tre iing —=1i) As soon as possible. but
ot lates than thirty (30) dav s fram the
effective date of this emergraCy
temparary standard. the employ e shall
INENtULE & 1rainine nranr e foar 0]
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