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I. County of Siskiyou Air Pollution
Control District



AIR POLLUTION CONTROL OFFICER:

GOUNTY AIR POLLUTION CONTROL BOARD:
EDMOND W. HALE

(BOARD OF SUPERVISORS, EX-OFFICID)

828 $0. FOOTHILL DR.
YREKA, CALIFORNIA 96097
PHONE: (918) 842-3908

AIR POLLUTION SPECIALIST
KENNETH L. CORBIN

AIR éOLLUTIDN CONTROL DISTRICT

October 7, 1985

William Loscutoff, Chief
Toxics Pollutants Branch
Attn: Asbestos

Alr Resources Board

P. 0. Box 2815
Sacramento, Ca. 95812

Dear Mr. Loscutoff:

In reviewing the draft report to the Scientific
Review Panel on Asbestos (Dec. #2296W/Arch.l109wW-
7-01-85, Part A), I noted no mention of the quarry -
in Siskiyou-Trinity Counties or of the surfacing of
unpaved roads in this area. Enclosed 1s a newspaper
article which describes a recent road project utilizing

serpentine materials. No doubt there are other projects
we are not aware of.

Sincerely,

EDMOND W. HALE
AGRICULTURAL COMMISSIONER

P w7 é’(* ..

Kenneth L. Corbin
Air Pollution Control Specialist

KLC: Jh
Enclosure 001
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testing on
asbestos road

FORT JONES--Tests done in 1981 to
deterimine asbestos dust hazard on
Parks Creek Road near Edgewood .were
a “‘worst possible case,’ says the Forest
'Seﬂriee‘mn _civil engineer who conducted
t .

Jim Mandigo of thePleasant Hill of-
fice for the Pacific Southwest region of
the Porest Service sald the tests done in
1981 were to establish data that would
define the problem in its worst context.
**The roads (we tested) were the ones
our field representatives believed had the
highest potential for asbestos hazard.”
When asked if the Parks Creek Road
was one of the worst potential asbestos
roads in Cajifornia, Mandigo said he
didn’t know. .

The road was rerocked this summer
with serpentine gravel obtained from a
rock quarry at the road summit near the
Trinity County line. The pit is known to
contain asbestos and be in an area where
asbestos mining has been done.

Tests done by a private corporation in
1981 showed - asbestos contentrations
ranging from one to 20 percent in rock
pit samples. Tests for airborne asbestos
fibers indicated up to 0.27 fibers per
cubic centimeter - below current
minimums set by the federal Office of
Health and Safety Administration.

Mandigo said the air samples were ob- '

tained by placing a collector at road
level and then driving by it with a
vehicle to stir up dust.

Samples obtained in the vehicle were

gathered by placing the collector on the -

See ASBES’!‘OS. page 8

Januray 11, 1984

PIONEER PRESS

Page 8

ASBESTOS ™ Continuca trom page 1

dash and driving up and down the 9
miles of road **20 or 30 times."’

“ eIt was a condition no one would
duplicate,” said Mandigo.

Mandigo said the concern about

. asbestos road dust surfaced in 1977

when the Environmental Protection
Agency discovered problems with an of-
f-road-vehicle area on Bureau of Land
Management land in Southern California
in 1977. At the same time tlie EPA’s at-

“temtion was drawn to a rock quarry in

Maryland,

““They hired someone to do a scoping
stndy which was completed in early
1981.. They found was it wasn't’ as

/

serious as they had first thought. The
EPA ended up writing a ‘guidance’
document instead of regulations,” said
Mandio.

The environmental assessment
prepared by the Forest Service for the
Parks Creek Road project indicates the
rocking with tite asbestos-laden serpen-
tine is planned- to_ continue west to
Highway 3 in Trinity County.

Mandigo said asbestos dust testing will
be done on the road this summer. The
road is heavily used by logging traffic
and is maintained as a gravel surface,
with palliatives to minimize dust.
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STATE OF CALIFORNIA GEORGE DEUKMENAN, Governor

AIR RESOURCES BOARD
1902 @ STREET
P.O. BOX 2815

SACRAMENTO, CA 95812

November 5, 1985

Kenneth L. Corbin

Siskiyou County Air Pollution
Control District

$25 south Foothill Drive

Yreka, CA 96097

Dear Mr. Corbin:

Comments on Part A of the Draft Asbestos Report

Thank you for your comments on the draft asbestos
report.

My staff has made note of the quarry in Siskiyou County
vou mentioned and has used the newspaper article you provided in
conductlng further research into the use of asbestos-contalnlng
rock as road surfacing material,

If you have other questions or comments, please contact

Todd Woz{g at (916) 322-0289.
1ncerely, CEE?Z:>

hllllam V. Loscutoff
Toxic Pollutants Branch
Stationary Source Divisicn

cc: Peter D, Venturini

Edmond W. Hale, Air Pollution cOntrol Officer,
Siskiyou County APCD
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II. Asbestos Information Association
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—“l"nll ASBESTOS INFORMATION ASSOCIATION
oo ]

1745 Jetferson Davis Highway, Crystal Square 4, Suite 509
Ariington, Virginia 22202 o (703) 979-1150

October 18, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Attention: Asbestos

Air Resources Board

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

: The Asbestos Information Association/North America
(AIA/NA) appreciates the opportunity to comment on the Air
Resources Board draft report on asbestos. As a representa-
tive of asbestos miners, millers and product manufacturers
in the United States and Canada, AIA/NA has a strong
interest in the development of reasonable regulations for
the safe use of asbestos. :

AlA/NA recognizes the importance of this draft report

setting forth potential exposures to asbestos and their

- related risks as a first step toward determining whether any
regulations are necessary to control asbestos emissions. At
the same time, it is clear that further work will be
necessary to determine the efficacy and feasibility of
potential control measures. We thus look forward to
continued communications with the Board as it moves toward
considering regulatory options. Those efforts are likely to
be aided by the ongoing U.S. Environmental Protection Agency
program to revise the existing NESHAPS regqulations for
asbestos. EPA will be reviewing the same issues as are
likely to arise in California, and we assume California will
be able to benefit from the Agency's efforts.

With respect to the current draft document, we would
like to raise several issues concerning both its risk
assessment and the exposure estimates presented.

Although the California staff has drafted its own _
assessment of potential risks at various exposure levels, it
has reached conclusions that fall in the same range as prior
risk assessments authored by the Consumer Product Safety
Commission, National Research Council and Ontario Royal Come
mission, as well as Dr. Nicholson who has performed risk )
assessments for both EPA and OSHA (Part B, p. 73). In each

010



Mr. William V. Loscutoff
October 18, 1985
Page 2

of these assessments, the same issues of choice of epidemi-
ology studies, conversion of historical measurements to
today's monitored exposures, determination of the shape of
the dose-response curve, and consideration of fiber types
arise.

A detailed assessment of these issues was contained in
Dr. Kenny S. Crump's comments on the OSHA/Nicholson risk
assessment, which we enclose for your information.
Dr. Crump is a recognized risk assessment expert who has
often worked for EPA and OSHA. As Dr. Crump emphasizes in
his report, each of the government risk assessments, and for
similar reasons California's new assessment, must be
understood to be "upper limit assessments" because they:

(1) Assume a linear dose-response relationship;

(2) Assume the same potency for all forms of asbestos
despite significant data indicating lesser potency for
chrysotile, particularly with respect to mesothelioma; and

(3) Include within the calculated risk the substantial
portion of the lung cancer risk attributable to cigarette
smoking.

As Dr. Crump detail® in his report, risks of exposure
to chrysotile fibers, even accepting the upper limit assump-
tion of a linear dose-response relationship, are likely to
better be estimated for non-smokers as at least an order of
magnitude lower than the assessments employed by OSHA. 1/

i/ Dr. Crump also discusses selection of epidemiology
studies to predict risks and notes that OSHA omitted from
its consideration studies of Canadian asbestos miners and
millers, an omission also made in the California assessment
(Part B, p. 45). Such omissions are questionable in the
OSHA context where the Agency was considering all possible
workplace exposures and are particularly troublesome in the
California context given that one of the focuses of emission
concern will be fiber emissions from mines and mills within
the state (Part A, p. 5). To the extent California is to be
considering whether further mining and milling emissions
controls are appropriate, it is inappropriate not to

(Footnote Continued)
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Mr. William V. Loscutoff
October 18, 1985
Page 3

In addition, because the California risk assessment is
intended to predict risks at much lower exposure levels
(0.001 fibers/cc and lower vs. 0.1 fibers/cc and higher)
than the OSHA risk assessment, even greater uncertainty
exists that such upper level limit assessments are appro-
priate. In extrapolating risks to even lower levels than
OSHA extrapolated, considerable likelihood exists that the
linear dose-response relationship overestimates human risk.

In sum, we urge California to exercise great care in
employing its risk assessment to predict risks at the very
low, often near ambient, asbestos exposures, identified in
its monitoring program. Despite the general agreement of
its assessment with other recent assessments, all such
assessments must be recognized as upper limit estimates of
risk that may greatly over-estimate actual human health
effects.

We also caution the Board against over-reliance on the
exposure estimates set forth in the draft report. As the
draft report acknowledges, "no long-term asbestos sampling
data are available and no method has been developed to
extrapolate long-term average concentrations from limited
short-term observations" (Part A, p. 111-23).

Despite those limitations, it is significant to note
that the Board's extensive monitoring program in fact found
very little, if any, evidence that the identified emission .
sources contributed to ambient asbestos levels. The very
low level of ambient asbestos found can be seen in two ways.

First, the sampling results indicated that even near
potential emissions sources under conditions most likely to
lead to elevated ambient levels, very little asbestos was

(Footnote Continued)

acknowledge that risks among miners and millers of

chrysotile have been found to be much lower than for other
asbestos occupational groups.

In addition, the assumption that amphiboles are present
at half the level of detection at mine sites (p. 1I1-18),
sSeems inappropriate for consideration of airborne asbestos
levels. As the report notes, it is not surprising that the
only monitored asbestos near the mine was chrysotile, and
assumptions of amphibole presence should not be made.



Mr. William V. Loscutoff
October 18, 1985
Page 4

found. For example, as shown in Table 1II1-3, average
asbestos levels at mine and manufacturing plant sites
(40,325 £/m® at King City and 12,725 £/m? at Stockton) were
in the same range as average measurements in many background
locations without any identified emission sources (e.g.,
Oildale, 31,908 f/m?, Sherman Oaks, 16,998 f/m?, San Diego,
13,860 £/m®*). In addition, monitored levels at individual
sites varied considerably. For example, at the same mining
site where the highest reading (although only slightly
higher than some other background measurements) was found,
another reading detected no asbestos (see Table 11I-2).
Given the difficulties of measurement at such low levels, it
is impossible to state with any confidence that mines, mills
or plants contribute to ambient exposures. 2/

Second, all of the measurements are in fact quite low
and well within the often reported ambient levels found
worldwide. Even the highest measured average reading =--
40,325 f£/m*® == translates to but 1.2 to 12 ng/m? (using the
TEM to PCM and PCM to ng/m® conversion factors set forth in
Appendix A). 3/ As the NAS/NRC report cited by the draft
report notes (at p. 220), ambient exposures in the 1 to
10 ng/m? and even higher range have been reported in many
studies of areas with no identifiable asbestos emission
sources. :

Accordingly, it would appear that the sampling study
confirms that little reason should exist for concern about
potential asbestos emission sources in California. Even
short term measurements in areas where asbestos emitters
might be expected to be most likely to be contributing to
ambient exposures have not identified any significant
contributions to asbestos levels.

2/ In light of these monitoring results, we question the
estimated fiber emissions for mines and mills (Table I,

P- 5). These estimates are based on studies done a number
of years ago before up-to-date control measures were
implemented and are significantly higher than more recent
engineering estimates made at the two California mines.

3/ That is, 40,325 f/m® by TEM corresponds to 403 to
40.3 £/m® by PCM, which corresponds to 12 to 1.2 ng/m*.
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Mr. William V. Loscutoff
October 18, 1985
Page 5

As a related matter, a recent report on "The
Significance of Asbestos and Other Related Fibers in
Environmental Ambient Air" by Dr. B. T. Commins is enclosed
and invited to your attention.

AIA/NA would appreciate being kept informed as
California continues to consider asbestos air emissions. We
would be glad to provide further information if that would
be useful.

S1ncere1y,

fo 7

B. J. ngg
President

Enclosures
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OSHA HEARING ON A PROPOSED
REVISIDON OF THE ASBESTOS
STANDARD
Tottiiony by Dr. Kenny S. Crump
on behalf of the Asbestos Information

Association/North America
Submitted May 15, 1984

| My name is Kenny S. Crump. I have expertise in biostatistics
and quantititivc risk assessment. As further detailed in iy
attached curriculum vitae (Appendix 1), 1 have extensive exper-
ience in critiquing and performing quantitative risk assessments.

u I earned a Ph.D. in aath-natics from Montana State Univer-
sity in 1968 and was a Profcssor of Mathematics and Statistics
$rom 1966 to 1980 at Louisiana Tech University. In 1974 and 1975
1 was a visiting scientist at the National Institute of Environ-—
mental Health Sciences (NIEHS). Since 1978, 1 have been the
president of Science Research Systems, Inc., in Ruston, Louisi-
ana.

I have authored numerous articles in refereed scientific
publications, as listed in my curriculum vitae, particularly on
issues relating to quantitative risk assessment. I have con-
sulted for and prepafed reports for many government agencies,
including NIEHS, the Environmental Prbtlction Agency, the Council
on Environmental Quality, and the Congressional 0Office of Techno-

loQy Assossment, as well as for a number of private indusfry
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groups. 1 have been a member of Natioﬁal Academy of Science
panels, including the panel that issued the report, "Risk Assess-
ment in the Federal Government: Managing the Process"” (NRC,
1963). 1 have developed quantitative risk assesssents for the
Occupational Safety and Health Administration (OSHA) on workplace
arsenic ;kposurc in 1982 and in-1983 on ethylene oxide. |

1 am pleased to have the opportunity to comment on the OSHA

quantitative risk asseasment for asbestos-related cancers.

I. INTRODUCTION

Quantitative risk assessment is inhergntly uncertain. As the
NAS Committee on Risk Assessment on which I served wrote: “The
dominant analytic difficulty of (risk assessment] is pervasive
.un:ergiinty (NRC, 1983, at 11). Such uncertaintybshould be recog-

nized when making decisions based upon the results of risk

- assessaents.

Foremost among the reasons why risk assessment for substances
such as asbestos is uncertain is the unavailability of any direct
evidence of the health effects of exposures at the levels now
prevalent in industry. 1§ the risks of asbestos at the levels
being considered by OSHA today -- below 2.0 fibers/cc -— are to
be assessed, it is necessary to make a number of assumptions
about the dose-response relationship between asbestos and health
. effects at these lower levels.

In each of the eleven studies upon which OSHA relies to
assess asbestos risks, workers were exposed to asbestos at levels

considerably above the current standard of 2 fibers/cc. OSHA
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assumes in its prediction that cusulative exposures achieved at
the low exposure levels prevalent in the workplace today are
equivalent in risk to cumulative exposures of workers obtained at
nu:h'higher fiber concentrations in the past. It is not possible
to verify directly this assumption. As DSHA states, 48 Fed. Reg.
at 31101: “At this time, it does not appear possible to‘detor-
mine uhetper intensity of ;xpoture has an effect on disease
separate from that of cumulaiive exposure.”

A quantitctivg risk assessment such as conducted by OSHA
.involves a number of components requiring decisions or assump-
tions for which dc‘initiQQ data do not eiist. The NAS Committee
listed a number of such components. For ;xanple, in dose-
response assessment, the NAS Committee lists the need to deter-
51005 inter alia, (a) "what dose-response models shéuld be used
to nxtrnpblat. from observed doses to relevant doses,” (b) "how
should éxposures to other carcinogens, such as cigarette smoke,
be taken into consideration,” and (c) "how should one deal with
different temporal exposure patterns in the study populﬁtion and
in the population 60( which risk estimates are required.”™ (NRC,
1983, at 31). An additional crucial determination is what were
the levels of exposure in the study populations. In assessing
current exposures, the same crucial determination must be made,
nameiy, as phrased in the NAS report, “how should one estimate
the size and nature of the populations likely to be exposed.™
(NRC,v1983, at 32).

As set forth in the NAS report, é‘e most important issues in
reviewing risk asséssments are issues of interpretation of the

assumptions lying behind the assessment. My comments thus are
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concerned with the interpretations of the OSHA risk estimsates as
well as the calculations themselves. Quantitative risk assess-
ments can play a useful role in standard-setting despite the
unéortaintics and the assumptions required. However, they can be
of most value when the assumptions and inherent uncertainties are
Clearly displayed.

Bascd'upoﬁ its risk assessment, OSHA expresses asbestos-related
mortality in units of deaths per 100,000 workers. Most risk
‘assessments express risk in a similar fashion. On the surface such
estimates appear comparable to similar data on the risks of motor
vehicle or industrial accidents. However, there is a major difference.
Estimates of the latter type are based directly on cbserved deaths,
wheresas osii-atcs of asbestos-related deaths are extrapolated values
based upon assumptions. The risks predicted by OSHA at various levels

of asbestos exposure must be understood within the context of these

assuaptions.

I11. SuUMMARY

OSHA has developed what I would term an upper limit assess-—
oent of asbestbs risk. In dealing with uncertainty, OSHA has, in
a number of instances, made assumptions that tend to minimize the
possibility of underestimating the riik. In addition, the uncer-
tainties in some of their assumptions'appear to be underestimated
by OSHA. The three most significant assumptions in OSHA’s risk
assessment that lead to upper limit estimates of risk are the
assumptions of: (1) a linear dose-response relationihip! 2)

the same potency for all forms of asbestos} and (3) attribution
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of the lung cancer component of risk caused by smoking to the
overall risk of asbestos. In addition, OSHA sakes avnunbor of
other assumptions about some of the cohort studies upon which it
relies that 1 will discuss.

0SHA assumes a linear dose relationship between asbestos and
cancer. Very little consideration is given to the uncertainty
concerning this assumption. This assumption provides upper limit
estimates of risk. althouqh‘it is very unlikely to und-rdstinate
risk, it will overestimate risk considerably if it is not valid.
Even though a linear dose-response model has scientific support,
there remains considerable uncertainty about the concept. This
is particularly true for the asbestos/-esbtheliona relationship
for which virtually no epidemiological doscif!sponse data exist.
Later in my testimony 1l present some estisates of amesothelioma
risks derived from the Armitage-Doll multistage model of cancer,
which are consistent with the epidemiological data, and which are
much smaller than those estimated by OSHA.

OSHA assumes the same potency for all forms of asbestos in
all operations. Yet, the epidemiologic evidence indicates the
cancer risk from asbestos exposure depends upon fiber type and
the setting in which exposures occur. There is considerable
uncertainty in applying the OSHA estimates made fronm uiny dié-
ferent industrial operations to a specific occupational setting.

OSHA does not distinguish among the asbestos risks of smokers
and non-smokers. Yet, the additional risk of lung cancer in
asbestos workers is determined largely by their smoking habits —
with the risk being confined chiefly to smokers. Separate esti-

mates of risks in smokers and in non-smokers can provide a much

s 020



clearer pi:tﬁro of the risks and of the i-pltcagion of the pro-
posed standard change. [ make such estimates in a later section
of this testimony.

Under the OSHA risk assessaent the extra risk from 45 years
under a 0.5 ¥/ml standard (assumed to produce average exposures
04'0.125 $/ml) is :/1006. ‘My estimates corresponding to this
same exposure are 2.5/1000 fqr smokers and .3/1000-.5/1000 in
nonsmokers. These differences stem principally from 1) omitting
‘two studies used Sy OSHA in estimating lung cancer risk and
treating other studies somewhat differently, resulting in a po-
;qnéy for lung cancer which is 65%Z of that estimated by OSHA; 2)
recognizing the difference in mesothelioma risk posed by chryso-
tile and amphiboles and estimating risk only from studies with
prp&ominantly chrysotile exposures; thereby estimating a pofen:y
1/5 of that estimated by OSHA (therefore, the risks 1 estimate
apply to predominant chrysotile exposures only); and 3) recog-
nizing the difference in lung cancer-risks posed by asbestos in
' smokers and nonsmokers and making separate estimates for these
groups.

111. GENERAL RISK ASSESSMENT ISSUES RELEVANT
10 REVIEW OF THE ASBESIOS DATA

In order to assess the asbestos data ba:é. it is impor-
tant to recognize several general issues of risk assessment that
have particular relevance to asbestos. As discussed in detail
below, one must 5: cognizant of:

(A) The varying methods of expressing risk and

their importance in understanding the meaning
of the calculated risks.
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(B) The uncertainty in the assumption that the
asbestos/cancer dose response relationship is
linear and the consequent upper limit type of
estimates that result from this assumption.

(C) The crucial importance of accurate determina-
tions of exposures both in the historical
cohorts from which dose-response relationship
are predicted and in the workplace today under
any given OSHA standard.

(D) The uncertainty regarding the contribution to
risk of high transient exposures to asbestos

‘and the related assumption that risk depends
only upon cumulative exposures irrespective of
intensity.

(E) The variation in risk found in studies of

di fferent asbestos fiber types in different
settings.

111.A. Measures of Risk

OSHA expresses the results of their risk assesssent in terms
of asbestos-related cancer mortality per 100,000 exposed. This
is the additional risk of an asbestos-rhlate& cancer death (pro-
bgbiiity of death from cancer in an exposed worker minus the
corresponding probability in the absence of exposure) multiplied
by 100,000. This measure of additional risk treats deaths equal-
ly regardless of when they occur, e.g. at age 20 or age 70.
Although additional risk is a useful and commonly used measure,
it thus does not reflect the effect of increased risk upon life
expectancy. Also, additioqal risk must be focused upon'speci§ic
causes of death since the probability of_d-atﬁ is 1.0 for all
individuals. If something were to cure heart disease, the addi-.
tional risk of lung cancer would be higher because of removal of
competing causes of death; however, {ife expectancy would also be
increased considerably.- To qive:a more complete indication of

the effect of a risk factor, in my testimony I will estimate risk
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both in terms of additional risk and loss of 1ife expectancy.

111.B. The Shape of the
: Dose-Response Curve

The data available for evaluating the shape of asbestos
dose-respopse_:urvgs are limited and generally of poor quality.
Only a fcy studies ' (Enterline, et al., 19723 chqnald, et al.,
1980a3 Peto, 19803 and Dement, =t al., 1980) had available fiber
concentrations ncesur-d during the relevant time periods and
these data are directly pertinent only to cancer risks at much
higher expasures than found in the workplace today. The Simpson
Committee (Health and Safety Executive, 1679) plotted relative
risks of lung cancer against cusulative exposure to asbestos for
a cohort of Quebec chrysotile miners (McDonald, et al., 1980a)
and cohorts of production workers and maintenance-service workers
(Enterline, 1972). Dement et al. (1980) made a similar plot for
a cohort of asbestos textile factory workers. All of these plots
seem to be reasonably well fit by a straight line.

There is a theoretical argument (Crump, et al., 1976) that
suggests that cancer incidence should vary approxi-afbly linearly
with dpse for low doses, particularly when there is an appre-
ciable background of carcinogenesis in unexposed populations.
Because of the appreciable background of.lung cancer among smok-
ers, this argument suggests that lung cancer incidence aight vary
linearly with asbestos exposure in smokers. The argument is less
applicable to non-smokers because th;; have a far lower incidence

of lung cancer.
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There is essentially no support for the point of view that a
linear model underestimates risk'at low doses by appreciable
amounts. Therefore, it seems reasonable to assume that for lung
cancer a linear msodel is congervative: i.@., it is either nearly
correct or else errs‘in the direction of overestimating risks
from low doses of asbestos. A similar statement would hold for
putative risks of gastrointestinal cancer.

There is very little experimental evidence which bears upon
.thl dose response.curve for meéotheliuma. Generally, the studies
for which reasonably good exposure measurements are available
(e.g., Enterline, et al., 1972; McDonald et al., 19803 Peto,

19803 and Dement, st al., 1980) include very few cases of this
disease. The theoretical argument for linearity at low doses
(Crump et al., 1976) is weaker for cancers like mesothelioma
which are rare iﬁ the general population. This squesis there is
greater uncertainty regarding the assumption of a linear dose
response for mesothelioma than for lung cancer.

The theoretical arguments for linearity of the dose-response
curve at low doses do not, for the most part, apply to a disease
such as asbestosis for ﬁhich the severity of the disease is
related to exposures and which dose not normally occur in the
absence of exposure to asbestos. Peto (1978) expressed this
point of view, saying, “There are not grounds for assuming a
linear dose-response for such a generalized progressive disease,
and although a qualitative dose response has been demonstrated at
very high exposures levels, there may well be a safe or virtually

safe threshold.” After thorough review of the evidence on
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asbestos-related diseases, the Royal Commission on Asbestos in
Ontario (Dupre et al., 1984) concluded "on the basis of the
available data, our best judgment as to the lifetime occupational
oxpoiurc to asbestos at which the fibrotic process cannot advance
to the point of clinical sanifestation of asbestosis is in the
range of 25 f/cc-yrs. and below.” Based ﬁpon'this determination,
asbestosi? would not pose ; threat under a 0.9 f(nl standard as
it would require a minimum of 50 years of work to sustain any
plinically detnctfple damage, even if exposures averaged as high

as the standard itself.

111.C. Exposure Measuresents.

The estimation of the risk from lifetime exposure to a certain
fiber concentration involves applying this concentration to a
dose-response relationship estimated from studies of health ef-
fects from past exposures. Such estimation of a dose-response
relationship requires quantitative information regarding both
health effects and exposure levels in a previousl y-exposed popu-
lation. These two types of information are of equal importance
and an estimated dose-response relationship is no more accurate
than the least accurate of the estimates of health effects or
exposures. A risk assessment based upon a stud? of a historical
cohort for which no exposure data are available has about the
same appeal as one based upon a contemporary cchort for which
detailed exposure data are available, but for which the future
health effects can only be surmised. - Each of these data bases
lacks a key ingredient necessary for a cogent assessesent of risk.
Generally, with respect to asbestos, health effects are measured
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such more accurately than are exposures. Consesquently, the pre-
ponderance of the uncertainty about dose-response relationships
stemas from uncertainty about nxposure rather than about health

effects.

111.C.1. Limited Exposure Data
on Some Cahorts

any of the asbestos studies relied on by OSHA in its
risk asséssmont have either very limited or no data on past
eaxposures lnv.ls.. In such studies, health effects from asbestos
are demonstrated by comparing disease rates in a cohort exposed
to asbestos with those in a control population which is similar
in many ways except with respect to asbesios expasure. These
studies can be used to further confirm the existence of a r;lc-
tionship between asbestos exposure and health effects by demon-
strating thaﬁ-thosc with longer (and presumably greater) expo-
sures suffered greater incidences of-asbestos-rolated di seases.
Although this type of analysis can be used to establish that a
dose-response relationship exists and to study certain aspects of
that relationship, without exposure information, risks from expo-
sures to various concentrations of asbestosf-as are needed for a
quantiiativc risk assessment-—-cannot be estimated.

What is needed ideally is a cohort with complete followup in
which each member worked for a given period to & known fixed
concentration. The differential concentration levels and expo-
sure durations of various subcohorts would be used to estimate
the parameters of the model . Howeveé, nothing like this was

available for some of the cohorts.

Accordingly, some important differences among the studies
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lﬂployo& by OSHA to assess asbestos risks thus exist with regard
to their suitability for use in risk assessments. Some of the
studies apparently have available no environmental measuresents
fro- the relevant periods which would permit quantification of a
dosu-rnsponse curve; studies in this category are of vory limited
value for risk ass?ssu.nt purposes. For sxample, for the Seli-
koftf et al. (1979) and Seidman et al. (1979) cohorts, no indus-
trial hygiene neasureaents.ucre made at the site of exposure.
°Cons¢qu¢ntly estimated exposures are quite uncertain. In ap-
plying the OSHA model to these cohorts, due to data limitations,
OSHA did not divide the cohorts into categories by exposure dura-
tions and concentration levels but instead assumed an average
duration d and an average concentration level ¢ for sach complete
cohort. This averaging apﬁrouch could introduce bias. . Also, it
is difficult to ascertain how well the model desc;ibes the data.

As a result, the OSHA estimate of 1S $/cc average exposure in
the Selikoff et al. cohort is highly uncertain. Exposures expe—
rienced by insulation workers are extremely variable; exposures
apparently commonly ranged over 100 $/ml for brief periods during
certain operations. It is by no seans clear that an uneven
intermittent exposure such as this would entail the same risk as
an average constant exposure. It is also unclear how the average
duration of exposure of d = 25 years for the Selikoff et al.
cohort was derived, as a review of Selikoff et al. (1979) re-
vealed no information at all on duration of exposure.

Similarly, although Seidman et al. (1979) had relatively

good information on the duration of exposure, no monitoring data
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on thi exposed workers was available. OSHA thus derived exposure
estimates from mesasuresents made 21 to 31 yﬁars later in other
plants in Texas and Pennsylvania. The reasonableness of these
ostihatos is open to question. It is certainly plausible that
the exposure measurements in these plants made after the dangéri
associated with asbestos bgcane known were less, and perhaps far
loil than cxpogurei experienced 21-31 years earlier under wartime
conditions. The CPSC Advisory Panel on Asbestos (CPSC, 1983)
.identified the weakness in the exposure estimates in the Selikoff
et al. and Seidman et al. studies by placing these studies in a

separate category (Level 1I).

I11l1.C.2. The Need to Convert
Historical Data to
Modern Measurements.

Modern practices for monitoring occupational exposures typi-
cally involve the use of oembriﬁe filter counting techniques and
data from personal samplers. Unfortunately, these types of
industrial hygiene data are not available for most cohorts in
which detectable amounts of health effects have been observed.
Older measurements were of partical counts made using iabingers,
and must be converted to fiber counts.

Despite the shortcomlngs.asso:iated with the use of histori-
cal impinger measurements, the exposure estimates obtained from
such data are vastly superior to those from studies for which no
industrial hygiene measurements are anilabln, (@.g., the
Selikoff et al. and Seidman et al. studies).

Amonb the available exposure data, the uo;t detailed esti-
mates of cxposurés come from studies in which individual work
028
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histories have been coupled with exposure estimates from static
samplers to obtain a detailed exposure profile for sach worker.
These kinds of estisates were made for the cohort of GQuebec
uiﬁcrs and millers (McDonald, et al., 1980a) and studies of
workers in U.S5. manufacturing plants (Dement, et al., 1980,
Weill, et al., 1979, Henderson and Enterline, 1979).

In making these estinatef, older measurements of dust concen-—
trations made using idpinq;r techniques were converted to fiber
‘counts based upon “side-by—side measuresents of dust and fibers
made relatively recently. The torrelation between side-by-side
fiber counts and dust measurements has been found to be rather
poor (GBibbs and Lachance, 1974). Moreover, these dust-fiber
conversions cannot account for the possibiliff that earlier dust-
fiber ratios might have been substantially different from those
during the period side-by-side neasurn;nnts were made, owiﬁq to
differences in plant processes or the quality of the asbestos
used.

There is considerable uncertainty in the sethods used by
OSHA in converting from particles to fibers For the Enterline et
al. cohort OSHA used a conversion factor of 1.4 f/cc per appct
which was an average value cbtained by Hammad et al. (1979) for
the cement operation where the Weill study was conducted. How-
ever, a sizable portion of the Enterline et al. exposuf.s did not
involve asbestos cement. Other operations have had larger conver-—
sion factors. Use of a conversion factor of 2.0 for the
Enterline et al cohort, as employed by the CPSC (1983) panel .on
asbestos, would reduce the r;sk estimated by OSHA from this
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cohort by about 40%. Enterline himself employed a conversion
$actor of 3.0 (Enterline, 1981), which would reduce the risk
estimated by OSHA by more than a factor.or 2.

Particle counts were also converted to fibers/cc for the
Dement cohort. OSHA's risk assessment notes the likelihood that
exposures have been underestimated in the Dement study. The
assessuenf notes that the ;stinates derived after conversion that
exposures in this textile plint were less than 10 fibers/cc
subsequent to 193§ in contrast with exposures in the British
textile plant studied by Peto of 30-45, or 15-22, fibers/cc
(depending upon how those data are converted to modern measure-
sent methods). OSHA further notes the unlikelihood the Dement
plant exposures are accurate given that a greater percentage of
deaths from asbestosis (9.4%Z vs. 5.3%) were found invthe'u.s.
plant than the British plant. (OSHA
Ex. 84392, at 38-39). |

In the study by.Nouhou:e,.gg al. (1980), rather than con-
verting old particle counts, the equipment used during earlier
times was still available, and historical working conditions were
simulated with help from employees who remembered past work
" practices. However, this approach likewise cannot compensate for

possible changes over the years in asbestos raw materials.

I111.C.3. Making Proper Allowances for

When estimating dose-response relationships for asbestos,

even when historical measurements in fibers/cc exist, it is

important that the effects of modern membrane filter cbuntinq

s 030



techniques be accounted for as completely as possible. Although,
formserly, whole field counting was sometimes employed, most cur-
rent membrane filter counts are made using a graticule grid.
Beckett, et al. (1976) estimated that use of graticule grids
increases fiber counts by a factor of 1.5 for amosite and 2.5 for
chrysotile as compared with full-field counting. Additionally,
it has been estimated that.fibér concentrations from data col~-
lected from pcrlonal.sauplcri are on average twice as great as
those data collected from static samplers (Health and Safety
Executive, 1979). On the other hand, the CPSC Advisory Committee
reported (without a reference) that measurements from static
samplers were twice those froam persohal ;;nplcrs. Thus, the
relationship between personal and static sinplers is open to
question. Doubtiessly, differences between personal and static
sampics are dependent upon the placement of the static sampler in
a particular sampling situation. At any rate, this issue repre-
sents an additional source of unéertainty in health risk esti-
mates for asbestos.
111.C.A4. Average Exposures in

Relation to the Permissible

Exposure Level.

To determine an appropriate standard, attention should be
focused upon‘thc risks which would ensue from lifetise exposure
to lcvel; that would result from enforcement of the standard
rather than from exposure at the standard. Actual average expo-
sure levels will depend upon the type of operation, the indus—
trial hygiene practices in individual locations, and the methods

of enforcement.
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fabl. 1 presents a summary of 3,729 ¢iber concentration
sesasuresents from five asbestos industries by the Factory Inspec-
torate of the Health and Safety Executive in Great Britain. The
fiber collections were made using personal samplers, and msodern
. mambrane filter techniques were used for making the fiber counts.
The seasurements ware made during the period 1972 to 1978 and
therefore were subject to the two fibers per cubic centimeter
($/cc) standard in the 1969 ﬁritish Asbestos Rdgulations. Al-
though average concentrations vary from industry to industry, all
are at least four—-fold less than the 2 fibers/cc standard.

Similarly, the OSHA field staff collected 949 eight-hour
time-weighted average samples between Jun; 1, 1979 and May 31,
1983 (48 Fed. Reg. at 51095). These Qaaplus were collected in
many different industries. Seventy-seven percent (77%) of these
samples were below 0.5 fibers/cc, suggesting that the cqrrent'
average exposures are no greater than 0.5. As these measurements
do not represent a random sample, but were likely taken in areas
where noncompliance was suspected, these measursments possibly
overstate current average exposures.

Based upon a study of the variability in fiber measurements,
Dr. Bordon Bragg (OSHA Doc. No. H-033C) has concluded that in
order to have reasonable confidence of complying with a 2
fiber/cc standard average exposures would need to be about 0.5
fiber/cc or lower.

Consequently, exposure monitoriqp in both the U. S. and
Great Britain, and also considerations of average levels needed
to provide compliance with a 2 f/cc standard in view of the

variability in exposure measurements, as well as 1dter—day varia-
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bility, all indicate that the current 2 §/cc standard will lead
to average exposures no greater than 0.5 $/cc. To make a realis-
tic assessment of the effect of a 2 f/cc standard, therefore,
av;raqe exposures of 0.5 fiber/cc are more reasonable than expo-
sures of 2.0 f/cc. Although we have no experience with a 0.5
fiber/cc standard, the same requirements for confidence that the
standard is being set given Ehc variability of exposures and
monitoring should result ia average exposures of about one—fourth

that amount, or 0.125 f/ml. (cf Bragg, OSHA Doc. No. H-0330).

111.D. Effect of High Transient

OSHA’s risk estimates assume that no unique risk is created
by'high transient asbestos exposures. That is, OSHA assumes the
very high peak exposures characteristic of some asbestos opera-
tions, particuiarly in the past, are equally as hazardous as
cumulative exposures experienced over longer periods of time
(@.9., 15 minutes exposure at 96 §ib¢rs/cc.is assused to be
equivalent to eight hours exposure at 3 fibers/cc). 0OSHA further
assumes that any such peak exposures are reflected in the average
exposure estimates used for historical cohorts. This is unlikely
to have beeﬁ the case as fiber measurements were probably made
during periods of “normal” opcrationf The Royal Commission on
Asbestos in Ontarioc (Dupre et gl.,‘1;84 at 121) noted the like-
lihood of sporadic exposures of a very high level for the
Finkelstein cohort, in particular. |

Although a systematic study of very high transient exposures
would be difficult, it is possible that such exposures are the
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source of much of the risk experienced by asbestos workers.
These exposures are apt not to be reflected by routine sampling

methods. Regarding this possibility, J. Peto stated:

There thus appears to be little evidence that
variations of the order of 2- to 3- fold in static
sampling measurements can discriminate those at high
risk, which raises the possibility that the ambient
background level is not the prisary source of
inhaled fibres. This suggestion is supported
qualitatively by the observation that personal
" sampling sometimes reveals very high transient
exposures during ‘certain activities, and the rela-
tive contributions of these peaks and the baseline
. levels should be examined in more detail. 1If

certain ‘work practices constitute the major source
of risk and actual exposures are considerably higher
than static sampling suggests, dose-response analy-
ses based on static measurements may be misleading.
Avoidance of such practices, which may, by accident
of design, not occur during personal sampling, may
be more useful than the imposition of very stringent

hygiene standards without adequate personal monitor-
ing.

(Peto, 1980).

Consequently, high transient exposures are probably not
adequately reflected in the exposure estimates used by OSHA and
these exposufns may have been responsible for a significant
portion of the additional risk in some of the studies. This
effect, whose magnitude is unknown, will tend to cause health

risks under current standards to be overestimated.

I111.E. Health Effects of Different Fiber
Jypes in Different Settings.

Although a great deal of asbestos epidemioclogical data are
available, risks estimates ma* be less well—-founded for asbestos
than for other hazardous substances ;ound in the workplace for
which far less data are available. There are several sources of

evidence which imply that cancer risk is not simply a function of
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$iber concentrations alone but depends upon asbestos type —-
e.g., whether chrysolite, amosite, or crocidolite —— and also
upqn-fiber dimensions.

Different epidemiologically studied cohorts have besn ex-
posed to different types of fibers and to industrial operations
which produce-fibnrp with differing physical dimensions. Thus,
rather th;nvrepresentinq a ynjque substance, asbestos fibers
present gquantitatively unique health risks depending upon the
;ype of industrial'operation. Modern populations are exposed
primarily io chrysotile. Iﬁ contrast, most of the populations
$rom which risk estimates were derived were exposed to substan-
tial.auounts of crocidolite or amosite. In the population stud-
ied by Seidman-gg al. (1979) exposures were solely to amosite.
Data fron_stud§¢£ involving exposures to amosite or crocidolite
are of ﬁuostionable.r¥levance for estimating risks to current and

future workers exposed to chrysotile.
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Chrysotile is eliminated more efficiently from the lungs than
the amphiboles. Wagner (1974) cbserved that the amount of dust
in the lungs was about 15 mg for rats exposed for 24 sonths to
anﬁhiboles, but only about 0.45 for rats with comparable expo-
sures to chrysolite. In a study comparing the fiber in lungs of
persons dying'of agbestus—rclatld-diseastt with controls; Wagner
et al. (1982) #ound 100 times more amphibole fibers in the lungs
of cases than controls, but about an equal number of chrysotile
$ibers. This was despite a much greater industrial usage of
.chrysotile.

Stanton et al. (1977) implanted glass.fibers of different
fiber distributions into the pleura of Osborne-Mendel rats and
sacrificed them 25 months later. .Tunor rcsﬁonse was highly~
depcndeﬁt upon fiber dimensions, with the qreatcst~response from
long thin fibers - longer than B microns and less than 0.25
microns in diameter. This strongly suggests that different fiber
types and different industrial processes entail different risks.

The differing physical and chemical properties of chrysotile
as compared to the amphiboles suggest that chrysotile is less
dangerous than the amphiboles. Amphibole fibers are straight
whereas chrysotile fibers have a curved shape. This gives amphi-
boles fiber a smaller effective diameter and allows them to
penetrate more deeply knto the lungs. Chrysotile also dissolves
more rapidly than amphiboles, resulting in faster clearance rates
for chrysotile; this also implies that the amphiboles are biolo-

Qically active for a longer period of time.
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EpidoaioloqicalQltudios also strongly-squost that crocido-
lite is more effective in producing mesotheliomas than chryso-
tile. Berry and Newhouse (1983) studied workers at a friction
| materials factory in uhichlcxposure was io chrysotile except for
two well-defined limited periods during uhi:ﬁ crocidolite was
.uSQd. A cnnpirisoq of crocidolite exposures in sesothelioma
cases to Eont?ols msatched foq sex, year of birth, yoaf started
work at factory, control still alive when case died, control
'iaployod at factoéy during crocidolite periods for same time as
case, and exposure to chrysotile, revealed six mesotheliomas,
tive of whom had been exposed to crocidolite and ten controls,
only two of whom had been exposed to crocidolite. A statistical
analyses of these resglts vielded a p-value of 0.028, indicating
an association between crocidolite exposures and nosothelionaé;
These authors conéluded that "This study, together with a recent
study of textile workers exposed only to chrysotile, confiras
that mesotheliomas are rare after cxbosurn only to chrysotile and
provide further evidence of the association of this tumour with
amphibole asbestos.”

The cohort of Quebec miners (McDonald et al., (1980) was
exposed exclusively to chrysotile, except for 113 workers in a
small textile operation at Asbestos! ﬁuobo:, which produced gas
mask filter pads from crocidolite 49} a few months during Horid
War I1 (McDonald, 1977). Of the roughly 2,200 deaths among those
working near the town of Asbestos, which includes those who
uork.d‘iﬁ the textile operation, there were only four deaths from

mesothelioma. Two of the four cases were among the small frac-
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tion of the cohort that worked in the textile operation during
the tise the crocidolite was being used. A third case spent most
of his life as an electrician’s helper and could have been ex-
posed to crocidolite. The remaining case was employed as a
bagger during ages 17-18, and the rest of his work history has
not been investigated. Thus, a relationship appears to exist in
this cohort between crocidolite exposure and mesothelioma.

0¢ 56 known deaths anong‘pcrsons employed in the manufacture
and handling of Canadian military gas mask cannisters containing
pure crocidolite during 1939 to 1942, four (74) of the deaths
 were certified on the death certificate as due to malignant
mesothelioma. Two of these deaths invulv;d the peritoneum. An
additional five deaths were considered by patholoqists reviewing
the cases to be due to mesothelioma, several of which involved
the peritoneum. On the other hand, only 0.25% (11 out of 4,463)
of th; deaths aaond Canadian chrysotile miners were certified as
due to mesothelioma, and; as noted above, several of these which
occurred at Asbestos are likely to have been due to very brief
exposure to crocidolite.

Weill et al. (1979) found that, among asbestos éement plant
workers exposed to comparable levels of total asbestos dust,
those exposed to chrysotile only experienced a significantly
lower incidence of respiratory cancer than those exposed to a
mixture of chrysotile and crocidolite. A similar rcsuit was
found to hold in this cohort for prevalence of asbestosis (Weill
et al., 1977). Likewise, Enterline et al. (1972) found that,
among retirees who had been exposed to comparable levels of total

asbestos dust, maintenance-service workers within the higher
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exposure groups had higher SMRs for respiratory cancer than
production ﬁcrknr: with comparable exposures. Only 20% of those
production workers were exposed to amosite or crocidolite,
uh;reas for maintenance-service workers this figure was 71%.
Therefore, fiber for fiber, chrysqtilo appears to be less
dangerous than the amphiboles, particularly in producing-aesothe-
'linnas. ﬁouever, OSHA did ﬁQt consider differences in fiber
types in its risk estinate;. Consequently, its risk predictions
‘are apt to have overestimated the risk of mesothelioma in modern

populations exposed almost exclusively to chrysotile.

Iv. ASSESSMENT OF OSHA’S ESTIMATE
OF LUNG CANCER RISK.

OSHh’s estimate of the lung cancer risks of asbestos rests
on three basic elements, eacﬁ of which involves considerable
uncertainty: (a) the shape of the dose-response curvej (b) the
potency of asbestosi and (c) a failure to separate the risks of
smokers and non-smokers. Any asbestos-induced lung cancer risk
augments an already sizable‘risk due to smoking. The epidemio-
_loqy zstudies have demonstrated that lung cancer among asbestos
workers is almost exclusively found ;aonq smokers. The data
demonstrate that few if any lung cancers will be found among
asbestos—exposed non—smokers. Haren;er, smokers already have a
high risk of lung cancerj asbestos exposures at the levels preva-
lent today do not substantially increase that risk. The OSHA

risk assessment does not separate the components of lung cancer

risk attributable to smoking from those due to asbestos.
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iv.1. The Shape of the Asbestos/Lung Cancer
Dose-Response Relationship

1f asbestos induces cancer through the same mechanism as
smoking, then there is reason to believe that the response should
be approximately linear at low dose (Crump et é;., 1976), just as
assumed in the OSHA model. Most of the dose responses for lung
cancer are approximately linear (e.g., McDonald et al., 1980,
Enterline et al., 1972). However, the Finkelstein (1983) lung
data exhibit a curious U-shaped dose response.

These data do not mean that the linear dose response for
lung cancer at low doses has been unequivocally proven. The
inevitable niscliss{fication of exposures-in epidemiologic stu-
dies will tend to make a dose-response appear linear when it is
throshold—ligo.‘ Also, the mechanisa by which asbhestos causes

lung cancer is not well understood. There are theories, which

have credence, that at least a fraction of asbestos-induced lung

For example, suppose that the true disease rates in groups
exposed to doses of 30, 50, 100 ug/m3 (units are irrelevant) are
there is a threshold between S0 and 100 ug/m3, so that persons
exposed to 50 ug/m3 or below experience no increased risk. In an
actual study persons are divided into exposure groups and an
entire group is assigned an average exposure. Suppose that
because of errors in exposure classification, 1/4 of the indivi~
duals in each exposure group actually should have been in the
adjacent lower exposure group and 1/4 in the adjacent higher
exposure group. This error doesn’t change the response rate in
the 30 ug/m3 dose group because it is exchanging with the 350
ug/m3 group and both have response rates of .05. However, the
response rate in the 50 ug/m3 group is increased from .05 to
(.75)(.05) + (.25)(.2) = ,0875, and the response rate in the
100ug/m3 group is decreased from .2 to (.75)(.05) + (.25 = ,175.
Thus, because of uncertainty of dosing, the apparent response
rate is .05, .0875, and .175 for 30, 50, and 100 ug/m3, respec-
tively. This response is for practical purposes linear despite
the fact that the true underlying response is a threshold.

040
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cancers are manifestations of scarring of lungs (cf. Ripstein et
al., 1978), and consequently aight not occur at doses low enough
for which scarring does not take place.

'Although the linear assumption for lung cancer say be well-
founded, no one knows for sure if it is vaiid. Thus, the OSHA
estimates for lung cancer should be regarded as upper limits with
the understanding that the true risks are probably much smaller
than those estimated by OSHA if the linearity assunptioﬁ is

invalid.

IV.1.A. Estimates of Lung Cancer Potency

0SHA used K = 0.01 as its estimate of lung cancer potency.
This estimate u;t both the gcoaeéric mean and the median of the
eight K ’s derived from non-mining operations. If the mining
opcratitns were includcd,-thn geometric sean of the lung cancer
K uoul& be decreased by 30%Z.
- Because of the great uncertainty discussed earlier in the
exposure estimates for the Selikoff et al. (1979) and Seidman et
al. (1979 cahorts, a persuasive argument can be msade for omit-
ting these studies from quantitative estimates. The CPSC (1983)
Panel placed these two studies in a separate category because of
the weakness of the exposure estimates. The Seidman et al. study
also involved brief exposurés {less than four years) exclusively,
which makes it less suitable than other stﬁaies for estimating
the effect of long term exposures. Also, the fiber type in these
studies is unrepresentative of most modern exposures in that

the Seidman et al. cohort was exposed exclusively to amosite and

the Selikoff et al. cohort was likewise exposed to considerable
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amounts of amosite.

Even i the Selikoff et al. and Seidman et al. studies are
used for making quantitative estimates, the K ’s obtained from
these studies could well be reduced. The CPSt Panel’s estimate
of K from the Selikoff et al. cohort was 1/2 of OSHA’s. Whereas
the tPSC estismation method agrees with that used by OSHA for
other cohprts, OsSHA applie& a special method to the Selikoff et
al. cohort which ignored data from the older age groups. By
considering the pqssibility that the control group used for the
Seidman et al. cohort was inappropriate, Liddell (see Acheson and
Bardner, 1983) cbtained K = ,01i1, as opposed to OSHA’s estimate
of .068. Indeed, a plot :f lung cancer abrtality versus exposure
-duration reveals an anosalous dose-response relationship, but
which can be explained by a higher background incidence of lunq'
cancer in Seidman gg.gl.’n cochort than existed in the control .
population of New Jersey white msales.

It also seems possible that Dement et al. used an inapprop-
riate control»qroup for lung cancer. U.8S. national death rates
were used as a standard even though the lung cancer rate in the
county in which the plant was located was 75% above the national
rate. Acheson and Bardner (1983) commented on this as follows:

“Al though Dement and his colleagues (1982) attribute
this to the presence of a large number of
ex-shipyard workers who had worked in wartime naval
construction, the Atlas of Cancer Mortality for US
cancer mortality rates in women are also signifi-
cantly high in this county, a finding unlikely to be
due to shipyard work. Evenr though women were

employed in the shipyards, the numbers involved were
small (Blot et al, 1979)."

Liddell (see Acheson and Gardner, 1983) estimated K = ,023
N
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tverified independantly by me) from the Dement gt al. cohort when
he allowed the background lung cancer risk to differ from that of
the U.S. standard population. Not only does this modification
provide a better fit to the Dement et al. data, the estimated
background rate agrees closely with the 7541 excess of lo;al lung
cancer rates over national rates (See Figure 3 of Acheson and
Gardner, 1983). The lower estimate of K = 0.023 also reduces

L
the discrepancy between this and other studies which show a much

.snaller K .
L

The Finkelstein (1983) study did not Gin& a dose response
for lung cancer. The lowest lung cancer ;ate (11.9 per 1000 man-
years) occurred in the highest exposure category (180 f-yrs/ml),
a somewhat higher rate (13.6 per 1000 man—years) was rdported in
the lowest category (44 f—y}slnl), and the largest rate (26.1 per
1000 man-years) occurred in the middle exposure group (92 -
yrs/ml). As concluded by the CPSC (1983) Panel “no sensible
dose-response for lung cancer can be inferred from these re-
sults.” These responses would be more compatible with a monotone
dose-response if the background lung cancer rate were higher than

in the control population, but this would imply that K was

L
overestimated for this cohort.

1f (1) the K °s derived from the Selikoff et al. and Seidman
L
et al. studies are omitted because of inadequate exposure infor-

mation and inappropriate fiber type, (2) the K estimated by
’ L .
Liddell for the Dement et al. study is substituted for that

estimated by OSHA, and (3) K = .,0033 is used for Enterline et

L
al. (based upon CPSC’s conversion from mppcf to f/cc), the geo-

28 043



metric mean of the six remaining K °s (also omitting those de-
rived from mining operations) is 0&0065, which is 654 of the
‘value used by O0SHA. This appears to be a more likely estimate of
KL.und-r sodern exposure conditions.

IV.B Smoking and Lung Cancer

The V.st.uajority of }uqq cancers now occurring in the U.S.
would not occur except for cigarette smoking. Because of the
.uultiplicative interaction between a;bestos and cigarettes in
promoting lung cancer, smokers form an easily identifiable sub-
population which is at high risk relative- to non—smokers from the
effects of asbestos. Separate quantification of the risk for
smokers and non—-smokers can give a much clearer picture of the
risks and of the implications of regulatory control.

There are striking diffe;en:!i in the risks 6f lung
cancer between asbestos-oprsod persons who ssoke and those who
do not (Hammond, et al., 1979} Selikoff{, et al., 19803 McDonald,
et al., 1980a; and Berry, et al., 1972). Smokers have far higher
risks of Jung cancir than non-smokers. In fact, lung cancer
among asbestos workers has been confined almost exclusively to
smokers.

Because of the effects of smoking upon those diseases,
separate estimates of risk should be made for non—-smokers and
various categories of smokers. These estimates can be used to
estimate the overall risk in a population with any prnjected

mixture of smoking habits. Otherwise, risk estimates might be

significantly biased if smoking habits differ between the histo-
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rical hopulat!an $rom which risk estimsates are required. Sepa-
rate risk istinatos $or smokers and non—smokers are also useful
for evaluating the effectiveness of strategies for improving
uork;r health which involve restricting the access of smokers to
areas coqtaining asbestos.

1§ present trends continue, future workers will smoke signi-
ficantly less than those in former cohorts for which health data
are available. Likewise, fueuro cigarettes are likely to contain
Jess carcinogenic msaterial than those iuokod by past asbestos
workers. These issues need to be taken into account when asses-—
sing risks to future asbestos workers.

Similarly, some of the increased incidence of lung cancer in
non-smoking asbestos workers might have been caused by the cigarette
smoke generated by co-workers (passive smoking) and the synergistic
int-ractian‘of this smoke with asbestos. Roéont studies
(Hirayama, 19813 Trichopoulos et al., 1981, 196833 Correa et al.,
1983 and Repace, 1984) implicate passive smoking as a cause of
lung cancer among non-smokers. If smokers were restricted to
asbestos—free areas in a;bestos plants, the effect upon lung
cancer of exposure to asbestos in these plants might be even less
than that estimated for non-smoking cohorts based upon current
data. »

Table 2 shows the effect of asbcstom—in#uced lung cancer
upon life expectancy for regulatory standards of 2.0 and 0.5
fibers/cc and several exposure durations. These calculations
were made by applying OSHA’s lung cancer model with K = 0.01 to
to the mortality rates for all causes and lung cancerLin non-

smoking U.S. veterans and in veterans who smoked 21-3%9
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cigarettes/day (Kahn, 1966). For a maximum lifetise exposure of
45 years under a 0.5 f/ml standard, the loss of life expectancy
is 13 days in smokers and 1.3 days in non-smokers. Thus, by
smoking, an asbestos worker increases his asbestos-related loss
of life expectancy ten—fold or by 12 days. However, this 12 day
lois of life ;xpicgancy is trivial compared to that engendered by
smoking alone. As indicated by the lower part of Table 2, sec-
king reduces life expectancy by an amount ranging from two to
}uur and un-half‘ﬁgggg.

Table 3 shows a similar pattern expressed in terms of addi-
tional risk. For 4S5 years work under a 0.5 €/cc standard, the
additional lung cancer risk estimated using the OSHA model is 3.2
cancers per 1000 workers in smokers but less than 1/2 of a cancer
per 1000 workers for non-smokers. Since the lifetime risk of
lunﬁ cancer in saék-rs-is about 160 cancers per 1000, a lifetime
of work under the proposed new standard is estimated under the
OSHA model to increase lung cancer in smokers by 3X.

The additional risk of lung cancer resulting froa an 0.5
fiber/cc standard will thus be confined principally to smokers,
and using 0SHA’s estimates, will be only about 3% of the lung
cancer risk resulting from smoking. These estimates assume that
cigarettes are and will remain as dangerocus as those smoked in
the 40°s and 50’s, becndse the U.S. veterans from whoa the saok-
ing risks are derived smoked during that period. Any lessening
in the lung cancer risk from safer cigarettes will concomitantly

reduce the lung cancer risk from asbestos in smokers.
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fﬁ sum, OSHA’s prediction of lung cancer risk from asbestos
exposure is an upb-r limit estisate that assumes linearity of the
dnse—r.sponsg curve. It is based on a number of cohort studies
for ﬁhich valid exposure data do not exist. Assuming the linear-
ity assumption is valid and omitting, as did OSHA, studies
invoiving mining and -illinc operations, lower estimates of risk
are predicted by eliminating studies. not having exposure data, by
reevaluating the risk ostiduind from some of the other studies,
and by estimating the risks separately for siokers and non-
smokers. For example, with a 0.5 fiber/cc standard (and conse-
quent 0.125 fibers/cc average exposure) the lung cancer risks

from 45 ysars of work are:l

Loss of Cases
Life Expectancy per 1000
: (days) .
OSHA Estimated of K 12 2.9
L
Average Asbestos-Exposed Sackers® 8.5 2.1
Asbestos-Exposed Non-Smoker# 0.85 0.28

aDecrease K by 35%Z by omitting Selikoff et al. and Seidman et
L

al. studies and recalculating Dement et ;;. and Enterline et al.
K ’s.
L
All of these risks are very small compared to the lung
cancer risk to a smoker not exposed to asbestos of 74/1000 or 375
days less of life expectancy. Thus, Fhe additional risk of lung
cancer from 45 years of exposure‘at a 0.5 #/ml standard is esti-

mated to be a small fraction (about 3%) of the risk due to

smoking.
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V. ASSESSMENT OF OSHA’8 ESTIMATE OF

A substantial proportion of the asbestos risk predicted by
OSHA is comprised of its estimate of the risks of developing
aesothelioma. These estimates appear to be considerably more
uncertain than those for lung cancer. Also, OSHA’s selective use
of data from only four of the 11 studies used to predict lung

cancer risk causes these estimates to be bjased upward.

V.A. Dose-Response Model for Mesothelioma.

OSHA’s dose-response model for prediétinq sesothelioma risk
is based on two assumptions. First, it assuses that sortali-
ty increases as the cube of elapsed time less ten years since
first exposure during exposure and approximately as éh- square of
elapsed time since the end of -xposuf. l;ss ten years i#t-r
exposure is over. Second, it assumes that incidence is a linear
bfunction of the intensity of exposure.

The model thus assumes the following functional form:

3 3
K fL(t-10) -~ (t-10-d) 1] t > 10+ d
M
3 .
1= K f(t-10) 10<Ct <10+ d
™
o 't > 10

where I is the mesothelioma deaths per Person-year among survi-

vors, t is the elapsed time in years since first exposure, d is
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duration of exposure, 10 is the lag time in years from first
exposure until the mortality from mesothelioma begins to in-
Crease, f is the intensity of exposure in $7ml, and K is the
aesothelioma potency constant estimated from the data?

Most studies of sesothelioma predict that the mortality
risks are a poudr of elapsed time since first exposure, as as-
sused by the OSHA model. However, we cannot be sure that this
steep rate of increase thin;s indefinitely 1ﬁto old age as
-assumed by OSHA. _In the Selikof+ cohort, which contains the best
information on mesothelioma mortality in old age, the number of
sesotheliomas in thé oldest group (55+ years:-since first expo-
sure) is only about 1/2 the number predi:;ed from the OSHA model.
Although some of this shortfall say be due to underreporting in
old age, it is also possible that the deficit is real. If s0,
the OSHA model will overestimate risk at oldest ages. _None of
the cohorts contain inforsation on mesothelioma risk after 30
years past termination of exposure. OSHA’s assumption that the
risk will continue to increase represents an assusption which is
not presently verifiable. '

The continuing increasing risk of nosofhelinaa long after
exposure is terminated is cbserved priqcipaily from workers ex-
posed to large quantities of amphiboles (@.9., Seidman et al.
cochort). However, as chrysotile is eliminated much more rapidly
than the amphiboles, this continuing increase in risk is far more
uncertain for chrysotile. This point was made by OSHA with
respect to lung cancer (OSHA Doc. 84-392 at 9, but is even more

applicable to mesothelioma.

It is certainly plausible that risk could decrmase during
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later ysars after cessation of exposure, particularly after expo-
sure to chrysotile. 1If so, the OSHA model would overestimate
risk, particularly from early brief exposures such as are esti-
sated in OB8HA’s Table 18. For example, if risks resained con-
stant after 35 years from cessation of exposure, OSHA’s estimated
risk ¢from one.ycar,cxposuré to 0.5 ¢/ml beginning at age 20 would
be rnduc.& from 47 to about 19 per 100,000 and if the risk went
to zero after 35 years, the risk would drop to & per 100,000.
.Althaugh it is unfikely that the risk would drop off to zero,
these cnlcul;tions demonstrate that most of the estisated seso-
thelioma risk is derived from late ages for which the 0SHA model
is not directly verifiable.

The second assumption, namely a linear dose response, is
particularly subj‘ct to doubt for mesothelioma because there is
virtually no dose rosp;nsn data for this cancer. Finkelstein
(1983) contains a table showing dose-response data for sesocthe-
lioma derived from a total of only nine sesotheliosas. The
Simpson Report (Health and Safety Executive, 1979) contained ¢
table (Table 31X) showing a dose response for mesothelioma de-
rived from a case control analysis of data of McDonald et al.s
however, the table did not appear in the published paper
(McDonald et al., 1980). For two of the four studies from which
OSHA derived estimates of K (Selikoff et al., 1979 and Seidman

M
et al., 1979) no mwasurements of fiber concentrations for the

exposed cohorts are recorded.
Figure 1 shows a plot of the Finkelstein (1983) mesothelioma
data, with linear, quadratic, and cubic dose response curves.
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The lin.nr model appears to fit only slightly better than the

o quadratic, and even the cubic model falls well within the crude

90% confidence bounds. Thus the Finkelstein data does not allow
onke £o discriainate among linear, quadratic, and cubic dose
response sodels. |

Consequently a linear dose response for sesothelioma is an
assumption which has not been verified observationally. Since it
seems biologically i-plausibic that a dose response for cancer
would ever be supralinear (Crump, 1984) the linear assumption
appears very unlikely to lead to an underestimsate of‘risk from
exposure to low concentrations. However, it could pbssibly pro-
vide an overestimate. There have been two general argumsents

which suggest that a linear dose response is plausible for'nany
carcinogens. One such argusent applies for carcinogens that "act
- by dir&ct_ly causing a mutation in DNA® (NRC, 1977). However,
this argusent may not be applicable to the carcinogenic mechanism
of asbestos in producing sesotheliomas because asbestos has not
been shpun to be particularly mutagenic. The other general
argument holds for carcinogens that produce cancers by the same
mechanism by which background tumors are produced (Peta, 1978).
However, since the background rate of mesotheliomas is either
zero or-——at most—very small, this argument is not applicable
either.

Regulatory agencies have utilized a linear dose response for
carcinogenesis as both a prudent approach and one which may be
approximately correct in many cases. Howsver, the above consi-
derations suggest there is greater uncertainty in applying this

approach to sesotheliomas than in othcr situations.
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V.B. The Uncertainty Range in OSHA’s Mesotheliomsa

DSHA quantified the uncertainty in their estimate of K and

K by defining a range for esach estimate. These ranges were
L

described as follows?

The ranges listed are the results of uncertainties
.in estimates of exposure (usually a factor of two),
sethodological differences that led to alternate
evaluations of risk, statistical variation in both
risk msasures and exposure measures, and adjustments

. made to account for inappropriate comparison group
and background rates. (OSHA Ex. B4-349, at 22)

These ranges do not cover the large ancertainty regarding
whether the model used is correct. Theriforc, I assume OSHA’S
. ranges are seant to be interpreted ;oncuhat as follows: Assuming
the sodel used by OSHA ig correct, then the risks from a given
exposure are in some sense highly likely to lie betnedn the rfsks
cbtained by applying the OSHA sodel and using the extreses of the
range. If this is the intended interpretation then the ranges

appear to me to be too small. Some examples will help illu;trato
this point.

-8
OSHA estimated K = 5.7x10 $rom the Seidman study and
) -8 -8
provided a range of from 3x10 to 11x10 . Thus K is assumed

[, ]
to be estimated to within a factor ofA2. The exposures in the

Seidman cohort are estimated from measurements made at two newer
but similar plants in 1967, 1970 and 1971--about 30 years after
the exposures to the cohort. Average measurements were 30 §f/cc
in plant Y and 40 f/cc in plant X. However, individual seasure-
ments varied greatly, from 2.5 f/cc to 163 f/cc. Furthermore,
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the sarlier seasurements made during 1967 averaged 80 /cc
in plant Y and 49 f/cc in plant X. These sarlier estimates of
exposures average almsost twice that assused by OSHA for the
Seidman et al. cohort. Consequently, even if use exposure data
from these plants is accepted, it would be reasonable to about -
double the -stiaatn. Temporal variations in estimates, large
variations anong individnal -oasureuents, and considcrable
uncertainty regarding whether these estimates are applicable to a
‘4cctory that operated 30 years wmarlier during wartise conditions
suggest that exposure estimates for the Seidesan cohort are very
uncertain -—— by much more than a factor of 2. Concerning OSHA’s
estimation procedure for K ..DSHn estimated K = 5.7)(10-a using a
nonlinear regression ..tho:. When 1 applied : saxisum likelihood
estisation pfoceduru to the sasme data, I obtained K = 35.0x10 8,
" with 90% lower and upper confidence limits 2.6x80-aﬂlnd 8.7x10‘a.
Consequently, statistical variation alone dictates an uncertainty
K about equal to the range provided by OSHA. The uncertainty in
-:posuros is difficult to quantify but it sesms to me that it
should be at least a factor of 4. Thus statistical variation
and uncertainty of exposures suggest that the range should be at
lwast a factor of eight rather than a factor of two as OSHA
ocbtained.

Similarly, Finkelstein (1983) stated that his ixposure esti-
sates were "judged to be accurate to.uithin a factor of 3 to 5.°
When I'estin;tnd K" using a maximum likelihood method 1 ogtainod

K = 1.9%10 with lower and upper 902 limits of 0.85x10 and
M -7
3.7x10 . These limits differ from the estimated K by about a

"
factor of 2. Coupling this with Finkelstein’s estimsated uncer-
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tainty in exposure of 4 leads to an eight-fold uncertainty in the
cstl.ctcAo§ K . OSHA, on the other hand, suggested a three-fold

"
range of uncertainty.

v.C. Selection of Data.

As detailed sarlier, considerable data indicate a diifer-ncc
in potency among c;beytos fiber types in the causation of seso-
thelioma. OSHA did not tn&e these differences into account. It
‘was thus assumed that chrysotile (thelforu of asbestos predomi-~-
nantly used today) is as potent as crocidolite, thus likeiy
overestimating the effects of current workplace exposures.

OSHA based its prediction of mesothelioma risk on but four
_of the eight cohurt-stddio' it employed to estisate lung cancer
- riske. Tﬁo of those studies (Seidman et al. and Selikoff et al.)
have alresady been discussed (Section 111.C.1) as being particu-
larly inappropriate for risk assessment because of lack of expo-
sure data. In three of these four studies workers were exposed
to considerable amounts of amphiboles. The Seidsan st al. cohort
was exposed exclusively to amosite. The cohort of Finkolstein
was exposed to a mixture of 75X chrysotile and 25X crocidolite
(Dupre et al., 1984). The insulators studied by Selikoff et al.
ware exposed to chrysotile and amosite. In the fourth study, the
toxiilo workers studied by Peto et al. were exposed predominantly
to chrysotile but also had some exposure to crocidolite. The K
estimated %ron the Peto et al.—involving principally :hrysotiI:

exposures——data was smaller than K ’s estisated froa the studies
’ M
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invnléing greater exposures to asphiboles by factors'ranoing from
»2 to 17,

These four studies also generally had higher estimates of
the lung cancer potency K . As O0SHA noted, these four studies
had four of the five laro:st X values. Consequently, it would
be expected that K valu-s.§ro: these studies would tend to be
larger also than t:osc from the remaining studies. To compensate
for this potehtial source df‘bias, Dsﬁh multiplied the geometric
msean of the four K °s by the ratio of the geomsetric mean of the

" , 4
K s for these four studies to the geometric mean of the K ’s for

.%1 eight studies used in estisating lung cancer risk. Th%s
sodification reduced OSHA’s estimate of K- from 2.91)&1.0-B to
lxlo-a. However, it is not clear that th?s modification is an
adequate remedy for this source of bias. Also, it does not take
into account the differing degrees to which chrysotile and the
amphiboles produce sesothelioasa.

With the assistance of the original investigators, I have
been able to calculate K ’s for two additional studies for which
eXposures were predonina:tly to chrysotile. These are the Dement‘
Qs al. study, where exposures were to only chrysotile, and the
Weill et gl; study, in which 77% of the workers were exposed
exclusively to chrysotile. _

Table 4 contains the mesothelioma data for the Dement et al.
cohort. The person-years in this table, as well as the details
of the mesothelioma case (20+ years of employment and a latency
of about 40 years) were furnished through the courtesy of Dr.

Dement. Ten years is taken as the average duration and 7.5 f/cc

as the average fiber concentration. Table 1V of Dement et al.
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(1983) indicates that the average duration of work was about ten
years. Dement gt al. do not furnish data that are particularly
appropriate for deteraining average exposure. Mean fiber expo-
su}us by job category range from near zero up to 78 ¢/cc for
1930-1944, 24 f/cc for 1945-1964, and 17 $/cc for 1965-1774, but
the nu-b-r'of.porsqn years in each exposure category is not

given.

-

These data suggest that average exposures were probably in

}he range 35-15 $/ce. Assuming 7.5 €/cc for the average exposure,
-9
then the estimated K is 2.2x10 . This figure could be revised
M

if more accurate data on average exposures become available. In
view of the likely underestimate of exposures in this population,
as noted by OSHA (OSHA Doc. 84-392, at 39), average exposures
were possibly larger than 7.5 f/cc.

This estimated potency of K -2.2x1.0“9 is consid-}ably.
ssaller than those estimated by gSHA from four studies, and is
about five-fold smaller than the value preferred by OSHA in their
estimates of msesothelioma risk. Moreover, the ratio
K /K -2.2x10.9/.042 = 5.2x10-a, which is about 20-fold less than
t:ost in the four studies used by OSHA} this indicates that the
assumption implicitly sade by OSHA of a constant ratio is not
universally valid.

Table 5 contains mesothelioma data for the Weill et al.
(1979) cohort. The numbers of mesotheliomas were obtained from
the observation by Weill et al. that only any two mesothelioma
deaths were recorded (both pleural), one 18 yesars and one 19

years after initial employment. The person-years in each five-

.
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