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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

- 008



009



L2

‘ .
—“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

016



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
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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.

20 035



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-
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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

33 f48



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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year age interval were estimated from Weill et al. (1979) Table 3
by averaging the numsber of workers entering the interval and the
nuaber entering the subsequent interval, and multiplying the
result by S. (In the 35+ group, the number of phrsong entering
the group was multiplied by S, assuming an average followup of
five ysars.) From Table S of Weill et al. the average employment
duration of the cotiort was d = 4.5 years. This sase table pro-
vide# an avnriqe dust concentration of 16.15 mppcf or, upon con-—
verting to f/cc by multiplication by 1.4, § = 22.6 f/cc.

These values result in an estimate of K = 7.0:10.10, which
is about 13 times smaller than that used by SSHG. Even this msay
be in overestimate of the affort of chrys;tilc alone. According
to Table 7 of Weill et al., 4201 of the workers (77X) were
exposed solely to chrysotile, whereas only one of the two meso-
thelioma deaths came from this group. Thus it appears that an
analysis restricted to workers exposed only to chrysotile might
result in an even smaller K .

Further followup of th?s cohort js nearing cﬁnplction (Dr.
Janet Hughes, personal communication). It is recoasended that
this analysis be updated using only data on workers exposed
exclusively to chrysotile. In the interim the results in Table 5
represent the best information available for this :ahdrt.

Using these analyses, we now have two K ’s from studies for
which exposures were to chrysotile only (K -'Ifr:.le.O.9 for Dement
et al. and K =7.0 x 10-.9 for Peto et al.) 2nd one K from a study
for which ex:osures of 77% of popﬁlation were solel: to chryso-
tile (K =7,.0 x lo.lo for Weill et al.). The geometric mean of

M -9
these K s is 2.0 x 10 , which is 1/5 of the value used by OSHA.
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Because of the clear difference in the ability of chrysotile and
th‘ amphiboles to produce sesothelioma, it is more appropriate to
estimate mesothelioma risk in modern populations exposed to chry-
soéilo using data from studies involving chrysotile exposure.
The bosf evidence currently available from such studies indicates
OSHA’s :hoico.oi studies overestimates risk by a factor of 5.
Whenever £h¢ additional followup of the Weill et al. cohori
is complete, an analysis of that data restricted to the 4201
Horkcrl sxposed oﬁly to chrysotile should be used to update K

™
for that cohort. It may be possible to calculate K ’s for other

populations exposed to chrysotile and, if-so, it sh:uld be done.
Such a possibility may exist with the workers studied by Berry
and N.uhougc, although it does not appear possible to make such a
calculation using their published report only. Altﬁough crqcido-
lite was used at this plant during two brief periods, it might be
possible to restrict the analysis to workers not exposed to
éracidolitc. It should be noted that of the ten cases of aeso-
thelioma in this study, only one was not exposed to crocidolite,
and apparently this worker had worked for many years in another
plant manufacturing asbestos cement products.
V.D. Predictions of Risk of Mesothelioma
from Multistage Model of Cancer

The multistage model of cancer (Crump et al., 1976)3 Crump,
19684) is generally considered to be a biologically plausible
aodel for cancer as there is considerable evidence that cancer is
a multistage process. This model has been used extensively by

regulatory agencies for cancer risk assessment. OSHA [Federal
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Register 48, (1983) no 78, April 21, pp. 17284-17319]1 used this
sodel in estimate risks from exposure to ethylene oxide. OSHA
algo considered the multistage model to be the udst appropriate
sodel for the prediction of excess risk from exposure to ethylene
dibromide (Federal Register 1983, Vol. 48, pp. 45936~-46003) .

The -ultiptagg model, in its most detailed and complete fora
(Day and Brown, 1980 and Crump and Hows, 1984), is derived from
the assumptions that cancer is initiated in a single cell only
‘;fter the cell pa;ses through several stages. Cells compete
independently to be the first to produce a tumor. The rate at
which a cell passes through a dose-related stage is assuﬁed_tn be
proportional to the instantaneous dose.

The model predicts a linear responie at low dosg whenever
either 1) cancers occur 'spontaneogsly' without a carcinogenic
insult, or 2) there is only onc‘dascfrclated stage; otherwise the
model predicts a nonlinear response (Crump et al., 1976). The
evidence for spontaneous occurrence of mesotheliomas is lackings
consequently, the only way the sultistage model can predict a
linear response at low dose is for there to be only one dose-
related stage. Since there is essentially no dose-response data
for msesothelioma, the number of dose-related stages for sesothe-
lioma is open to question. |

TJo d;ternine the range of risks predicted by the multistage
model, I have fit the model to the mesothelioma data used by OSHA
assuming either une,_tuo or three stages are dose-related. The
details of ny annlysis are included in Appendix 11I.

Tables 4-9 compare the observed mesotheliomas with the num-
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ber predicted by the 0SHA and multistage models. Table 10 sum—
marizes the fits of the models. The sultistage models provide an
excellent fit to each of the data sets except for the model with
one dose-related stage applied to the Seidman et al. and Weill et
al. datas in these cases the fits are somewhat marginal. By
contrast, the OSHA model provides an inadequate fit to the Weill
et QL. data, a sarginal fié to the Selikoff et al. data, and an

acceptable fit to the remaining data sets.

The estimated potency paraseters z from the sultistage sodel
Havc the same ordering with respect to size as the cnrresponding

paraseter K for the OSHA model; from largest to smallest:
M

Finkelstein, Seidman et al., Selikoff st ;l., Peto et al., Dement

et al. Weill et al. OSHA used an intermediate value of K in

_ . M
their risk assessment, which happened to be 2/3 of the K ob-

tained from the Selikoff et al. data. To compare rosult: from
the multistage model with those from the OSHA msodel, I shall
f0llow OSHA in using values which are 2/3 of the values estimated
from the Selikoff data, namely 2 = 7.3 x 10 7 for one dose-
related stage, z = 8.0 x 10.8 for two dose-related stages, and
z= 3;9 x 10.9 for three dose-related stages.

Table 11 shows several estimates of the loss of life expec-
tancy from mesothelioma from 1, 20 and 45 years of work under a
2.0 or 0.5 ¥/cc standard. Table 12 shows similar results for
extra lifetime risk. These estimates are specifically made to
compare risks under the multistage model with those made using
the OSHA model. They do not reflect the effect of exposure to

chrysotile only. As noted earlier, risks from exposure to chry-
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Sotile are estimated to be about 1/5 of the estimates in Tables
11 and 12.

hs oxpcct.d, the -ultistage nodel with one affected stage is
very similar to the OSHA model. For example, for 45 years of
exposure under a 0.5 f/cc standard, the OSHA model predicts a
loss of life expectancy of 6.2 days whersas the sultistage with
one affected itaq-'prcdicts S.6 average days lost. However, the
risk under the msultistage io&ol is far less if there is more than
one dose-related stage. For two dose-related stages, the corres-
ponding loss of life expectancy is only 0.073 days or 1 3/4 hour,
and for fhrdc stages, 43:10.4 days or 35 seconds.

Similar results hold for additional risk. Assuming one
dose-related stage, the additional lifetime risk is one per
thousand, with two dose-related stages 1.5 per 100,000, and three
dose-related stages seven per 100 million. .

All of these estimates are made from models which are biolo-
gically plausible and which agree with existing data. The OSHA
model is essentially equivalent to assuming a multistage model
with one affected stage. This assumption implies a linear dose
response. Two or three dose-related stages, which imply quadra—
tic and cubic dose responses, are also plausible and predict such
smaller risks. Thus, in this respect, the OSHA estimates repre—
sent upper limit estimates. The nesoihelion; risks say be as
large as estimated by the OSHA model, but it is unlikely that
they are much larger. On the other hand, the risks could be far

smaller than estimated by this model.
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V.E. = Bummary of Estimates of Mesotheljoma Risks

OSHA estimated mesothelioma risk assuming a linear dose-
response relationship and assuming chrysotile and the asphiboles
are equally potent in causing sesotheliomas. My review of the
data suggests that, while the linear assumption might bc~approp-
riate for dcv;lopiqg upper limit estimates, there is greater
unc-rtciniy regarding this_assunption with r-spcét to mesothe-
lioma than with respect to lung cancer. The data are equally
.anpatiblc with nditistage models predicting linear and
non-linear dose responses.

OSHA also assunod no difference in risk of mesothelioma from
chrysotile and the amphiboles. However, 1 believe there is
considerable data to indicate that chrysotile is less risky.
OSHA ﬁas already omitted from its risk calculations dnta from
mining and nilii&g operhtions, on the grounds that the#elcxpo~
sures are not representative of those in the populations of
workers OSHA has responsibility to protect. 1 believe this
principle should also be applied to the chrysotile-amphibole '
question, and that risk to modern day workers, who are exposed
almost exclusively to chrysotile, should be estimated from
studies in which chrysotile exposures predominate.

Even if one does not accept the difference between
chrysotile and amphiboles in mesothelioma, a& anal yses suggest
that OSHA’s selection of only four data sets resulted in an
estimate of K which is too large. The two additional K ’s I

M ]
have estimated are S and 13 times smaller, respectively, then the

K used by OSHA.
"
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Based upon the analyses reported sarlier, 1 consider the
most appropriate studies for this purpose to be those of Peto st
al. (K = 7,0 x 10_9’. Dement et al. (K = 2.2 x 10.9). and Weill
g;'g;.H(K = 7.0 x 10.10). Peto et gl;nand parti:ularly‘the Weill
et al. st:dies involved some exposures to crocidolite and there-
fore may overestisate the cisk‘fron pure chrysotile. A reanaly-
sis of the Weill gﬁ al. data involving only the 4201 workers
exposed exclusively to chris;iile should be carried out and used
to recalculate K #for this cohort. A similar analysis is recom-
mended for any a:her study for which it is possible to identify
appropriate groups exposed only to chrysotile.

The geometric sean of the values of k from these three
studies is 2 x 10-9, which is the same as :h. K estimated from
Dement et al. study; Consequently, estimates o: risk from chry-
sotile exposure were developed for both the OSHA model and the
sultistage model using parameter estimates derived from the
Dement et al. study. The sesothelioma risks predicted from
exposure under a 0.5 f/cc standard for 45 years, compared to the

risks predicted using OSHA’s value of K are as follows:
" .
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Loss of life

expectancy Risk per
(days) --1000__
using OSHA’s estimate of K 6.2 1.6
M
predicted from predominant
chrysotile exposure *
" OSHA model . 1.2 .313
Multistage model
one affected stage 1.0 .20
two affected stages «012 (17 min) = 003
three affected stages + 0007 (& sec) « 00002
vi. COMPARISON OF RISKS FROM ASBESTOS

One way to evaluate the effectiveness of a particuiar occupa-
tional standard to protect workers’ health is to compare the.
residual risks with other risks encountered as a result of em—
ployment. Tables 13 and 14 compare asbestos risks I have calcu-
lated, as well as those predicted by OSHA’s risk assessment, from
lifetime employment under a 2 or 0.5 f/cc standard with hazards
of commuting to work, industri;l accidents, and exposure to athef
chemicals regulated by OSHA.

Risks estimated for a lifetime of work under a 0.5 f/ml
standard using the OSHA model are soqguhat less than accidental
risks in the safest occupation of trade (e.g., 21 days loss of
life expectancy from asbestos exposures vs. i4 days from working

in trade). The asbestos risk is about 60%Z of the accidental risk

t- 064
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in sanufacturing, and only about 10% of the accidental risks in
construction and sining or quarrying--industries for which expo-
sure to asbestos is likely.

However, my estisates of the risk from asbestos are lower
than tﬁosc estimated by OSHA. The reasons for this are three-
f0ld: 1) my ésti-qtc 04'thc potency K for lung cancer is 65X of
OSHA’s. This is because I omitted two studies which 1 didn’t
consider appropriate for quantitative risk assessment (Selikoff
‘et al., 1979 and Seidman et al., 1979) and because my estimates
differed from OSHA’s in two other studiesi 2) my estimates of
mesothelioma risk are derived from studies with predosinant expo-
sure to :hrysotilu, with the result that they are about 1/5 those
of OSHA under a one—affected-stage uoacl, and about 1/80 those of
'OSHA und&r a tuo-aff.cto&-staqc models 3) I estimated risks
separately for smokers and non-smokers and foun& that the bulk of
the risk is confined to smokers. |

The largest risk 1 estimate is for smokers assuming a one-
stage model for mesothelioma. This risk is about 1/2 that esti-
mated by OSHA. My risk estimates are not greatly affected by the .
mode! used to estimate mesothelioma risks. This is beéuase under
chrysotile exposure sesotheliosa risks are estimated to be msuch
saaller than risk of other types of cancer. The risk to non-
smokers is estimated to be about 1/5 fo 1/7 that of smokers, and
about 10Z of the accidental risks in the safest occupations.

About 50% of the risk in non-smokers accrues from the risk
from cancers other than lung cancer or mesothelioma—estimated
for both smokers and non—smokers as 10% of the risk of lung
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canco? in smokers. Although 1 have not considered the evidence
from these other cancers in this testimony, there is considerable
disagreement among scientists regarding the relationship of
asbestos to these cancers. 'For example, the CPSC Panel on
Asbestos was unable to agree on the interpretation of these
cancers, and estimated risk from only lung cancer and
mesothelioma. If I have followed CPSC in this regard, my risk
estimates for non-smokers do&ld be halved and those for smokers
aould be reduced hy about the same absolute inount.

It is also instructive to compare risks from asbestos under
the braposod standard to tho;- from other substances recently
regulated by OSHA, namely EtO, EDB and ar;enic. 1 have estimated
asbestos risks resulting from a .5 f/al standard (as opposed to
risks from exposure to .5 f/al) by assuming that a .5 f/m]l stan-
dard would result in an average exposure of 0.125 ¥/ml. For’
consistency, I will make a similar assumpﬁian for these other
chemsicals~—that average exposures will be 1/4 the standard.

Table 14 shows that the risks I have estimaied for asbestos are
in the same range as those estimated under other standards DOSHA
has recently promulgated. Perhaps the best comparison is with
arsenic since estimates for the other two chemicals are made from
animal data. My estimates of asbestos risks for smokers are in
the middle of the range of those 1 made for arsenic risks and my
estimates of asbestos risks in non-smokers are below the range of
the estimates I made for arsenic. Overall, it appears that an .5
¥/ml standard for asbestos would be no less stringent than OSHA

standards for these three chemicals,
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APPENDIX 11

DETAILED DESCRIPTION

»

HMESOTHEL IOMA RISK CALCULATIONS

OF
The dose required in the multistage model is the instantaneocus

internal tissue conc-dtratton. Wagner (1974) demonstrated that in rats
fibers accumulate in the lung under constant exposure and there is a
slow decrease in fiber levels after exposure is terainated. A
qualitatively similar behavior should occur in the peritoneal cavity of
humans also. To model this phenomenon, 1 have assused that if an
individual is exposed occupationally to a cdnstant air concentration for
a period of t0O years and is not exposed theresafter, then the

concentration of fibers insulting the peritoneum t years after onset of

exposure can be expressed as

Mll-exp(-r t)1 for t < ¢t

1 o
D(t) =

Mli-exp(-r t)lexp(-r t) for t > t .
1 2 o

The parameter M is the maximum fiber concentration, r is the rate at

1
which fibers accumulate during exposure, and r {s the rate at which the

2
internal fiber concentration decreases after exposure stops. This model

is id-ati:&l to the uptake and clearance model propo--d by the Consumer
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Product Safety Commission Chronic Hazard Advisory Panel on Asbestos
(CPSC, 19683), except CPSC required r and r to be squal. Although

- r = r jg predicted under linear fiist—ordfr kinetics, this constraint
u:ﬁld ﬁot be appropriate under nonlinear kinetics. Retention kinetics
in biological systeams are often nonlinear (Hoel et al., 1983). For
.xcnﬁl., the rates of uptake and washout of DDT are quit; different in
husans (Hayes, 1971). Since:nl don’t knoq i¢ linear kinetics are
appropriate for asbestos, ; more general form which does not require
r =r jis used. It is also assumed that M is proportional to the air
c:ncenfration of asbestos, i.e., M = cf where f is occupational air
fiber concentration in €/cc. This assumption is valid under linear
kinetics but not necessarily under nonlinear kinetics. A graph of

internal dose D versus time since onset of exposure, ai-uninq a constant

exposure to ¢ f/cc up until time to and no exposure there after, is as

follows:

+
+
<+
*
+*
+
+
&
+
+*
+

Time since first exposure

In addition to the parameters c, r and r required for the uptake
1 2
and clearance model, the multistage cancer model requires the following

parameters:
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k - the number of stagest
L - the sinisum time required for a cancer to appear after

exposure begins

for i = 1 to &k

a -  the "background” parameter for the ith stage
R :

b - the ‘potoncy’ parameter for the ith stage
i ) .

The instantanecus rate at tise t after onset of exposure at

which a cell goes through the ith stage is proportional to a +

i
b Dit). At least one of the a wsust be zerol otherwise sesothe-
i i

liogas would occur spontaneocusly. Also, b ‘= 0 if the ith stage

i
is not dose-related. Further mathematical details of the multi-

stage model are provided in Appendix I11.

_The parameters a , b and c only appear in the forsula for aisotho° )
lioma incidence in a :onltant factor which I shall call z.

Consequently the parameters to be selected are 2z, r , r , k, L.
The number of stages k will be fixed at k = 3, This choice is similar
to the choice by OSHA of an exponent of 3 in their model. Similarly, 1
will assume (just as 0SHA) a minimal latency between first exposure and
occurrence of a mesothelioma of L = 10 years. The Selikoff et al, Seidman
et al., Peto et al., and Finkelstein data sets were all fit first using
common vglu.s for the uptake and washout rates r and r .
Although these rates could be different in the f:ur stugics because of
differing physical and chemical properties of the fibers, common values of
r and r provide an adequate fit to all data sets. These values were

| 2
selected by an exploratory analysis as:

r = J/year, r = ,5/year {for one-stage model}
1 2

r = 13/year, r = 07/ ~for 2-stage models and
1 2 S 1’8“8



r = 2/year, r = .OOIIy.lr for 3-stage sodel.
1 2
he only remaining paraseter is the potency parameter z. This parameter

as estimated by a maximum likelihood fit of the msodels to each of the
ndividual data sets. The Dement st al. data could also be adequately €it
and r , S0 these same values were applied to

1 2
his data set also. Hovever, different values were required to obtain an

sing these same values of r

dequate fit to the Weill et al. data. Values used in fitting this data

ot weres:

r = .013/yr, r = .3b6/yr for one-stage model 3
2

1 _

r = ,20/yr, r = S5.0/yr for two-stage msodel 3

1 2 .

r = .01l/yr, r = .80/yr for three—stage sodel .
1 2 ~
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APPENDIX 111

FORMULAE FOR MULTISTAGE MODEL

Under the Armitage-Dol} wltistagé mode!l of cancer with three
stages, the yearly mortality rate from mesothelioma at year t after
exposure begins can ‘be approximated by (Crump and Howe, 1984, eg. (A7)):

-

0 for teL

| t-l
I(t) = [a3 + by D(t-l.)].g fz[al + b, D(ul)][az + by D(uz)]dulduz
0
for t2L

ihere. as explained in the text, 3y is the background parameter for the
ith ;tage. I).l is the potency parameter for the ith stage, L {s the lag
from when exposure begins and the mortality rate begins to increase, and
D(t) is the internal fiber concentration resulting from a constant

exposure to f f/ml for a work duration of ty years. As also described
in the text, it is assumed that:

cf(l - exp(-rlt)] for t&t,
D(t) =

cf[l-exp(-rlto)]exp[-rz(t - to)] for tth

Three special cases are considered:

3 dose related stages - al.z 3, =2, 0

b1> 0, b2> o, b37 0
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2 dose related stages - 3, %8, * I:3 =0

b,» 0, b0, 2,70
1 dose related stage - a bz = b3 =0
b,»0, 2,90, 2;90.
Let
M) = t22 - trry ¢ te1Ye) - e P e 21t ? + y2r
and's =t-L . '

Evaluating the integral for the three cases yields:
3 dose-related stages -

0 for t&L
1(t) = zfan(s)(l - e "1%) ; for L&t<L + to
263(1 - e"1t0)e2(5- %) (uiey) + (1 - €M1t} Ity
v (1 - ety (r, - i - e 2(5 Yy,
+(1 - eM1to)(e 225t - 1)/2r,3)

for t>L ¢ to
= 3 *
where 2 = ¢ b1b2b3.
2 dose-related stages -
0 for t4&lL
" 262M(s) ‘ for L&t €L + tg
I(t) =
[same as corresponding expression for three dose-related
stages except f3 is replaced by f2 and the product
(1 - e~"1to)e "2{5"%0)
appearing after zf3 is removed]
for to>L + ty
where now

= 3 .
2=¢C b1b2a3.
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1 dose related stage
0 ' for t¢L
2f(s%2 - €15r % - sy ¢ yr B for Latel + tg
1t) = ) 2flt,2/2 + [t + (1 - & "1t0)/ryd/r) +
[ty - (1 - eT1foy/rd(s - tg) ¢ |
(1 -_e°'1to)§£s - tg) + (1 - e"z(s'to))/r%lrz] fort L+t
where

z=c3b

-

132%3°
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| TABLE 1
DISTRIBUTION OF ASBESTOS DUST EXPOSURE LEVELS IN DIFFERENT MANUFACTURING
INDUSTRIES (BASED ON 4-HOUR PERSONAL SAMPLING DATA
OBTAINED IN THE PERIOD NOV 1972-FEB 1978)

Percentage of Geometric

No. of Range ~_results below: standard

Industry Results Min . Max Median 0.9 1.0 2.0 deviation
Asbestos-cement 845 0.01 6.20 0.10 86.5 95.0  98.5 3.8
Millboard/paper 136 . 0.01 2.63 0.14 87.0 98.2 99.6 3.3
Friction materials 900 - 0.01 10.22 0.2 71.0 85.5 95.0 4.2
Textiles 1304 0.0l 6.65 0.4 58.5 80.7 95.0 3.4
Insulation board 545 0.01 13.66 0.45 54.0 72.5 88.6 5.1

’

Asbestos dust concentration, fibers/ml

Source: Health and Safety Executive (1979)



Table 2

Loss of Life Expectancy in Days from
Lung Cancer in Asbestos Workers and
from Various Causes Due to Smoking

AAsbestos Exposure _ Smokers _ Non-8mokers

. ) .,b .
1 year at 2 $¥/al standard 1.6 0.14
1 year at 0.5 f/ml standard 0.41 0.035
. a,b
20 ywmars at 2 £/m] standard 31 2.8
20 ymars at 0.5 €/m]l standard 8 0.69
a,b
45 years at 2 f/al standard - 23 S.4
45 years at 0.5 ¢/m]l standard 13 1.3
c
Smoking

(1) Cancer of lung, esophagus and
other respiratory sitess chronic
bronchitis and emphysema; and
pulmonary heart disease &90

(2A) All causes in (1) plus ischaemic
heart disease 1355

(2B) All causes in (1) and (2A) plus
various other causes probably

attributable to smoking 1618

a - . _ .
Based upon OSHA estimate of K . Assuming exposure begins at
age 20. Lung cancer rates for smokers and non-smokers were
determined from study of U.S. veterans.

b
Assumes 2 f/ml standard implies average exposures of 0.5 f/ml and
0.5 f/ml standard implies average exposure of 0.125 ml} asbestos
exposure begin at age 20. e

c

Based upon data of Doll and Peto (1976).
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Table 3

Extra Lung Cancer Mortality per 1000 Exposed

Asbestos Exposure : Smokers Non—Sﬁokers
R a,b '
1 year at 2 f/ml standard 0.35 0.041
1 year at 0.5 f/ml standard 0.086 0.010
T a,b
20 years at 2 f/ml standard 7 0.61
20 years at 0.5 f/ml standard 1.7 0.20
. a,b
45 years at 2 f/al standard 13 1.7
45 years at 0.5 f/ml standard 3.2 0.43
a

Based upon OSHA estimate of K . Assuming exposure begins at
age 20. Lung cancer rates for smokers and non—smokers were
deterained from study of U.S. veterans.

Assumes 2 f/ml standard implies average exposures of 0.5 f/ml and

0.5 f/ml standard implies average exposure of 0.125 f/ml} asbestos
exposure begins at age 20.
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Table

Observed and

4

Expected

Mesotheliomas for

Dement et al.

(1983) Data

Years since
First

Expected Mesotheliomas

, Person Observed OSHA Multistage
Exposure Years Mesothel iomas '
> a a a
(ave) 1 2 3
10 11390 o] 0 o] o] 0
(3)
10-20 10921 o] . 023 . 044 .011 . 024
(15)
20-30 8055 o .43 .55 56 .45
(25)
30+ 2775 1 .56 .41 .43 .53
(35)
K = 2= z= z=
* |
2.2E-9 1.2E-7 4.4E-8B 3.1E-8
a

Indicates number of dose-related stages.
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Table S

Observed and Expected Mesotheliomas
for Weill et al. (1979) Data

Years since Expected Mesotheliomas
First Person Obser ved OSHA Multistage
Exposure Years Mesothel i omas '
' a a a
(ave) ’ ' 1 2 3
' 10-15 1180 @ O 0.008 0.01 0.09 ©0.46
(12.5)
15-20 29473 2 0.18 0.38 0.80 1.6
(17.5)
20-29 25080 . 0 0.57 0.70 0.68 0.03
(22.5) .
25-30 14018 o] 0.70 0.58 0.38 . 0003
(27.9)
-&
30-35 3832 o] 0.33 0.21 0.10 10
(32.5) .

- _ : -8
35+ 1565 -0 0.21 0.11 0.04 10
(37.5)

K = z = 2 = z =
"

a
iIndicates number of dose-related stages.



Table 6

Observed and Expected Mesotheliomas for

Selikoff et al. (1979) Data

Years since

Expected Mesotheliomas

First Person ‘Observed OSHA Multistage
Exposure Years Mesotheliomas 12 28 32
20-25 4939 3 2.2 3.9 2.7 2.8
25-30 12815 22 15.5 22.7 19.9 19.7
30-35 14711 47 37.9 46.6 47.0 44.5
35-40 8756 46 40.9 44.2 47.4 43.6
40-45 4391 25 33.5 31.0 32.7 32.4
45-50 2328 28 26.6 21.0 21.1 23.7
50+ 872 9 1§.3 10.5 9.4 13.3
Parameters Kn: 2= 2= z=
1x10~8 1.1x10°® 1.2x1077 5.9x10

-9

2 indicates number of dose-related stages
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Table 7

Observed and Expected Mesotheliomas for
Seidman et al. (1979) Data

Years since Expected Mesotheliomas
First Person Observed OSHA Multistage
Exposure Years . Mesotheliomas 12 22 32
- 10-15 3628 0 0.11 .66 .21 .10

15-20 3174 . -~ 0 1.3 2.5 2.0 1.3
20-25 2618 2 3.2 3.5 3.6 3.1
25-30 2026 5 5.1 3.8 4.2 4.9
30-35 - 1383 7 5.9 3.3 3.7 5.5
35-40 98 0 0.63 .29 .31 .59
Parameters ' K = 2= 2= 2=

-, M8 -6 -6 -8

5.7x10 ~ 3.0x10 1.0x10 = 2.4x10

a indicates number of dose-related stages
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Table 8

Observed and Expected Mesotheliomas: for
Peto Data

Years since Expected Mesotheliomas
First Person .Observed OSHA Multistage
Exposure Years Mesotheliomas ' 12 o8 32
10-15 1633 . ~0 0.0054 0.13 .002 001
15-20 1860 0 0.16 .291 .16 .15
20-25 1761 1 0.72 .999 .799 .81
25-30 1496 2 1.7 1.89 1.9 1.9
30-35 837 2 2.0 1.95 2.1 2.0
35-40 414 2 1.8 1.43 1.6 1.6
40-45 92 0 0.63 .421 .443 .53
Parameters Kmi 2= 2= 2=

| 7.0x10°2 4.0x10”7 1.91078 6.1x10710

@ indicates number of dose-related stages
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Table 9

Observed and Expected Mesotheliomas for

Finkelstein Data

Years since

First - -Person
Exposure Years
15-20 1182

20-25 1061

25-30 555

30-35 - 104

Parameters

Expected Mesotheliomas

_Observed OSHA Multistage
Mesotheliomas 2 a a
1 2 3
1 0.54 1.2 .95 .66
4 2.24 4.4 4.3 3.1
5 3.11 4.3 4.5 3.9
1 1.15 1.2 1.2 1.3

K = 2= z= b &
12x%0°8 7.8x1075 2.7x10°6 1.5x1077

3 indicates number of dose-related stages °
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Bummary of Fits of Models
to Mesothelioma Data Sets

Table 10

OSHA

Chi-square

d.¥.
p-value

Multistage 1

Chi-square

d.f.
p~value

Multistage 2

Chi-square

d.f.
p~value

Huitistage 3
Chi-square

d.f.
p-value

Selikoff Seidman Peto

‘et al et al. et al

11.5

é
«07

4.0
6
76

4.4
62

4.4
é
«62

2.7
-]
<74

- 8.6

«12

6.3

«39

2.8
S
73

et al
1.0 3.0
é 3
« 99 -39
l.o '2
73 _ 3
.99 .97 v
«8 . |
é 3
« 99 « 99
B 9
&6 3
« 99 « 83

Finkelstein Dement

et al

.8
2
«67

<97
32

75
.38

72
39

Weill
ot al

- 001

8.5
« 037

3.0
.39

. 90

indicates number of dose-related

stages
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Table 11
Comparison of

Loss of Life Expectancy in Days from
Mesothelioma Risk Estimated from
0SHA Model and Multistage Model

OSHA
fisbestos Expoihre

1 year at 2 f/ml standard. | 2.2
1 year at 0.5 $/ml standard. 0.56
. .

20 yemars at 2 f/ml standard 22
20 ye;rs at 0.5 ¥/ml standard. 5.6

. | . a |

45 years at 2 f/ml standard 25
45 years Qt 0.5 ¥/ml stnndard. 6.2

Mul tistage
No. of dose-related stages
1 2 3

’ -3 -7

1.5 1.3x10 4x10
-3 -9

0.37 8.2x10 7x10
' -3

19 0.57. Sx10
]

4.8 0.036 7x10
22 1.2 0.023
-4

S.é6 0.073 4x10

Assuming exposure begins at age 20; background rates used were for

1976 U.S. white males.

Note: Estimates of loss of life expectancy from exposure to
predominantly chrysotile are about 1/5 of these estiamsates.
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Table 12

Comparison of
Mesothelioma Mortality per 1000 Exposed
Estimated from OSHA Model and Multistage Model

OSHA ﬁultistaqo
No. of dose-related stages
1 2 3
fisbestos Exposure i

a -5 -9

i year at 2 f/ml standard 0.48 0.13 6x10 7%x10
a -b& -10

1 year at 2 ¥/mal standard 0.12 0.033 - 3.7x10 ix10
a -4

20 years at 2 f/ml standard Se3 3.4 0.082 4x10
a . -& -6

20 years at 0.5 £/m]l standard 1.3 0.86 ' S.1x10 6x10
a -3

45 years at 2 f/ml standard . 6.2 4.5 0.23 4x10
C a ) ' -5

45 years at 0.5 f/ml standard 1.6 1.1 ' 0.015 7x10

Assuming -xpoiurn begins at age 203 background mortality rates used
were for 19746 U.8. white males

Note: Estimates of .esoihelioma risks from exposure to

predominantly chrysotile are estimated to be about 1/S
of these estimates.
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Table 13

Estisated Loss of Life Expectancy
from Various Occupational Causes

Days
2 $/al 0.5 ¢/al
Standard Standarg
435 years work with chrysptile asbestos
OSHA Model . . a3 21
a
Revised estimates
one affected stage for mesothelioma
saocker 46 12
non-smoker 10 2.6
two affected stages for sesotheliosa
smcker . 43 11
non-saoker 6.7 1.6
Other Occupational Hazards
' b
Accidents from 45 years at commuting to work by automobile 43
R
Accidents from A4S years work
Trade 24
Service 34
Manufacturing 34
Sovernaent ’ 48
Transportation and Public Utilities 1350
Construction 193
Agricul ture 260
Mining, quarrying 264
Average over all industries Se
2 _
Footnote on following page.
b

Derived from 1978 U.8. traffic and mortality statistics (National
Safety Council, 1982). Assumes, as estimated by USDOT (1977), that

33.7%4 of automobile travel is home to work.
c

Based upon 1981 Accident Rates (National Safety Council, 1982).
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Table 14

Estimated Mortality per 1000 Norkers
from Various Occupational Causes

2 f/al 0.3 ¢/ml

_ : Standard Standard
45 years work with ghrysotile asbestos ,

OSHA Model - 19 S
Revised estimates®
one affected stage for sesothelioma

smoker ' 10.3 2.5
non-ssoker 2.3 0.5%
two affected stages for sesothelioma
saoker 9.7 2.4
non—-smoker 1.6 0.30
Qther Occupational Hazards
. . . b
Accidents from 45 ysars at commuting to work by automcbile 3.3
c
Accidents from 45 years work
Trade : 2.0
Service , 2.8
Manufacturing . . 2.8
Government o _ ‘3.9
Transportation and Public Utilities 12
- Construction T 16
Agriculture 21
Mining, quarrying - 21
Average over all industries 4.7

Exposure for 45 years to OSHA standard (assuming, as with asbestos,
that average exposures are 1/4 of standard)

Ethylene oxide® .24 - .95
Ethylene dibromide*® 085 - 2
arsenict 8 - 7.3
a Footnote on following page.
b .
Derived from age-specific 1978 U.S. traffic and mortality statistics
(National Safety Council, 1982). Assumes, as estimated by USDOT
(1977), that 3I3.7% of automobile travel is home to work.
c .
Based upon 1981 Accident Rates (National Safety Council, 1982).
Accident rates are assumed same for all ages.
d . _
Crump (1983), page 3.
e
OSHA (1983b), Table 4, using estimates by Brown
2

OSHA (19683a), Table 4, using estimates by Crump
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Footnote for Tables i3 and 14

& OSHA model for lung cancer is used with K, = 0.0045 as ex-
Plained in IV.B. Lung cancer background rates for smokers are
taken as saxisum of 1976 rate for U.8. white males and those of

- U.8. veterans (Kahn, 1969). Lung cancer rates {n non-smoking -
U.S. veterans (Kahn, 1969) are used for non-smokers. Mesothe-
lioma risks are estimated using the sultistage model with para-
asters estimated from exposures to predominantly chrysotile
(using sanme parameter values as used in Tables 11,12). Cancer
rates for cancers other than lung cancer or assothelioma are

estimated, following OSHA, as 10X of the lung cancer rates in
snog.rs. ’
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The author Dr. Commins has had over 30 years experience in Environ-
mental Pollution and has been involved in numerous assignments in this country,
snc overseas with Organizztions such as w.H.0., C.E.C., O.E.C.D., LU.P.A.C,,
N.AT.O., U.S.P.H.S. He was 20 years in the Medical Research Council at the
Air Pollution Research Unit, St. Bartholomew's Hospital, London, and 5 years
with the Water Research Centre, U.K., where he was involved with air pollution
and health, and drinking water and health, respectively. He has written
numercus scientific papers &nd reports on environmental subjects, including on
asbestos the well known ‘'Asbestos in Drinking Water; a Review', TR100
putlished by the Water Research Centre, U.K. in 1979, and an Independent
Report which has had worldwide interest, tAsbestos Fibres in Drinking Water'
STR1, published in May 1983, He has had a very wide experience and is well
known in many parts of the world, including Third World Countries.

He is now an Independent Consultant in Environmental Pollution and is a
specialist in Air and Water contamination, Health Implications and Environ-
mental Standards. As a Consultant, he can provide a useful independent view
and has worked both in the U.K. and abroad on such topics as Air Quality and
Drinking Water Quality Surveillance, Environmental Monitoring and Health,
Environmental Impact Analysis, Environmental problems of various types
including the topical issues of asbestos in environmental air and water. He is
well qualified to write this Report on The Significance of Asbestos and Other
Mineral Fibres in Environmental Ambient Air, a8 subject which is of worldwide
interest. :

rofessor R. Perry, Ph.D., F.R.S.C.,
F.LP.H.E., M.LW.P.C,, M.LW.E.S,,

Professor of Public Health and
Water Technology,

Imperial College,

London. ’

June 1985.
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Interest in inhaled asbestos arpse through the discovery of serious health
effects associated with occupational exposure to these fibres early in the
century. In recent years significant effort has been put into determining levels
of asbestos in environmental air and into examining exposure situations where
poscible health effects might arise. Because of certain physical and some
biological similarities between asbestos fibres and other mineral fibres, including
some man-made mineral fibres, considerable interest has been expressed in
_ environmental exposures to these fibres also. Concern has been expressed
regarding the possible hezlth implications of inhaling mineral fibres in environ-
mental air. In the pest, cases. of rnesothelioma cancers were reported to be
associated with exposure to asbestos in environmental air and more recently with
exposure to a natural non-asbestos fibrous mineral, erionite. In interpreting the
significance of mineral fibres in environmental air, emotional attitudes have not
been uncommon, causing in some cases unwarrapted concern and even panic.

Because a considerable number of scientific and medical investigations
have been carried out in recent years, it is now possible tc appraise and draw
some conclusions regarding the health implications of environmentzl levels of
mineral fibres in environmental air.

The author, an Indeperdent Scientist, has written and independently
published this Report 'The Significance of Asbestos and Other Minerzl Fibres in
Envircnmental Ambient Air'. - The readership is directed towards environ-
mentalists, scientists, engineers, administrators, industrialists and even to the
layman. .

V/here possible this Report attempts to define the technical, scientific and
medical terms used. The subject covers the scene worldwide and considers some
implications for different parts of the world. Where the possibility of a health
risk might be defined, this is put into perspective with respect to some other
‘rare-event' extremely low level day-to-cay risks. Ths Report should help to
ellay sofne reported fears regarding the presence of asbestos in air in various
environmental situations.

{Information ccntained in this Report is given in good faith but the author cannot
accept any responsibility for sctions taken as a result)
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Few subjects have caused more scientific debate than the likely effects of
exposure to very small amounts of a carcinogen. Until the discovery of the
nature of DNA, it was commonly believed that the induction of cancer required
intensive exposure, sufficient, for example, in the case of ionizing radiations to
cause macroscopic damage to tissues, and the existence of a threshold dose
belew which no effects would be produced was taken for granted. Since then,
the idea that mutations play an essential part in the production of cancer has
been generally accepted and it is, consequently, presumed that the incidence of
cancer that results from exposure to a very small amount of a carcinogen is
likely to vary in direct linear proportion with the amount down to the ultimate
level of a single unit. Newspaper headlines, in relation to asbestos, that one
fibre kills cannot, therefore, be contradicted. There is, however, no reason to
single out asbestos for public obloquy in this way as comparable statements also
apply to most other carcinogens. The practical question, which is often evaded,
is the extent of the associated risk.

Asbestos has been used extensively and for a long time and, in some
respects, we are in a better position to make an informed guess at what the risk
may be from exposure to a given amount for asbestos than for any other
cafcincgenic agent, other than ionizing radiations, as so many studies have been
made of the heealth of workers exposed to it under industrial conditions. The
position is, however, complicated by the fact that asbestos is not a unique
chemical that owes its carcinogenicity solely to its chemical nature, but is a
family of chemicals with important physical characteristics in common, the
carcinogenicity of which is due both to their chemical identity and to the
physical configuration of the fibres that they form. The hazard, therefore,
depends partly on the type of asbestos involved and partly on the dimensions of
the fibres which are modified by the way in which the asbestos is used. This
greztly complicates the measurement of the "dose" to which anyone is exposed
and Dr. Commins has done society a signal service in explaining the problem,
taking both factors into account, and drawing what conclusicns can reasonably
be drawn from the existing evidence.

The implication of the very small risks which, it appears, are most likely
to be produced by common environmental exposure is, however, difficult to
appreciate. Risks of the order of one per million per year or per lifetime mean
iittle (o anyone otner than an experienced statistician, and the interest of the
Report has been greatly enhanced by the inclusion of the estimated risks of
many other hazards of day-to-day life with which the general reader may be
better acquainted. For it is cnly by a true appreciation of the meaning of the
estimated risks and benefits that it is possible to make sensible decisions about

the continued use of a material, its disposal, or its replacement by something
else.

June 1985

Professor Sir Richard Doll, DM DSc FRCP FRS
Emeritus Prcfessor of Medicine, University of Oxford
, Honorary Member Imperial Cancer Research Fund's

Cancer Epidemiology and Clinical Trials Research
Unit, Oxford '
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This Report appraises and draws conclusicns regarding the worldwide health
implications of exposure to asbestos and other mineral fibres in environmental
ambient air. There has been and still is considerable misuncderstanding regarding
the health significance of environmental airborne asbestos, and to a lesser extent
concerning other airborne mineral fibres. Because emotional attitudes are not
uncommon, unwarranted concern and even panic has arisen in some cases in
various parts of the world. However since a considerable number of scientific
and medical investigations have been carried out in recent years, it is now
possible to draw some conclusions regarding the situation worldwide; these

conclusions should help to allay scme reported fears about environmental
ssbestos in ambient air.

Asbestos and certain other mineral fibres are natural constituents of
environmental air and will continue to be so. Airborne contamination by
asbestos is widespread although it is at a low level. Until fairly recently other
mineral fibres including man-made fibres had not been used as widely as
asbestos; thus the extent of their contamination is less although it may perhaps
increase. Some of the contamination arises from natural sources e.g. from
nzturally occurring fibrous materials but it zlsc often results from human
activities. Some of the asbestos and other mineral fibres are transmitted
directly from sources to the air; & smaller amount will get into the air from
the re-entrainment of deposited fibrous dusts. Apart from natural sources,
mineral fibres become released to the air from such activities as mining,
manufacturing, use and disposal of fibres and fibre contzining products.
Emissions to the air arise from industry, and from the abrasion and the
deliberate destructior and disposal of mineral-fibre containing products. These
emissions were greater in the past than nowadays because of the less effective
control measures in use then. One amission which has been publicized is the use
of mineral fibres (mainly asbestos) for vehicle brake linings. However the
srocess of braking involves high frictional temperatures, which degrade virtually
3!l the asbestos present in the brake material; conseguenitly mainly non-
bicicgiceily-active material is released to the air. The weathering and abrasion
of panels etc. containing asbestos and other mineral fibres used for building
products is znother source of fibre release to the zir. For outdoor air this
release of fibre seems nowadays to be of minor consequence. In some cases the
indoor levels of asbestos fibres in air could be somewhat raised compared with
outsicge and s prcblem existed from asbestos sprayed surfaces in the past,
especially where the 'cry' spraying of asbestos had occurred which allowed more
substantial quantities of asbestos to be released from the rather friable surfaces
produced. Other internal sources such as asbestos for electrical and thermal
insulation, flue pipes, ironing boards, hairdryers, floor tiles, panels, etc.
generally make very minor contributions; the exception is when the products are
severely tampered with, for example by seriously demaging, sawing or strongly
abrading them. Non-asbestos mineral fibres used in various products may also
contribute to indoor air levels of fibrous materials. In many cases the fibre
products contain a very high proportion of other materials like cement, plastic,
rubber or resinous substances which bind the fibres (the fibres are essentially
'lacked in') making it very much more difficult if not impossible for them to be
~eleased to the air than in the case of unbonded fibres. Chrysotile being the
most used form of asbestos is much more commonly found in environmental air
by comparison with crocidolite, amosite and tremolite. Man-made mineral fibres
such ac mineral wools and glass wool which are widely used, may fairly often
contaminate the air to,some small extent. Natural fibres such as aluminium
silicate, calcium sulphate, attapulgite and ericnite may alsc be found in the air
in some places; @ large number of different fibrous minerals at very low
concentrations are likely to be present in air.
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In order to detect and measure mineral fibres in environmental air,
sophisticated equipment is required. Both the sampling and analysis of mineral
fibres are highly specialized. For environmental air, transmission electron
microscopy is needed to detect and identify all types and sizes of mineral fibres.
Scanning electron microscopy which is cheaper and easier to use, is usually quite
adequate to define the level of various mineral fibres which relate to a relative
index of possible health risk; it cannot identify fibres less than about 0.2 ym
diameter however. Fibres longer than 5 pm and in the range about 0.25 to 3
pm diameter are normally measured and used as a relative health risk index.
However a small proportion of fibres in air is less than 0.25 pm diameter and
the fibres may have some biological significance. Phase-contrast optical
microscopy although very much cheaper than electron microscopy is totally
unsuitable for measuring mineral fibres in environmental air; however, it has
been satisfactory for occupational monitoring. To allow a comparison to be
made between occupational and environmental exposures, the measurements by
electron microscopy are transformed where appropriate into results which are
equivalent to those recorded by optical microscopy. In order to obtain a
meaningful result, the numbers of fibres in a sampled volume of air are
recorded; mass concentration results are not regarded as a suitable index of
possible health risk. In some cases mass concentration results ‘have been
converted to number concentrations and used for assessing the exposure to
asbestos fibres. Unfortunately the conversion factors are-very variable since
they depend on the nature and precise dimensions of the fibres present (which
are not always known) and in many cases this will lead to inaccuracies.

In order to define concentrations of mineral fibres in environmental air
which are meaningful in terms of health risk, considerable care has to be taken
in interpreting published results. Some studies provide little or no information
on sampling positions and methods, or analytical techniques; some give no
indication of how representative the samples are or over what period the
samples were collected. In assessing environmenta! exposure to asbestos it is
necessary to pay greater aitention to long-term concentratigns. Taking account
of these factors, a typical population lifelong exposure (indoors plus outdoors) to
asbestos (fibres greater than 5 pm long and 0.25-3 pm diameter, aspect ratio
greater than 3:1) might be about 0.0005 f/ml. However there is some
uncertaintv regarding tte precise figure fcr typical expasure. In countries or in
situations where relatively little asbestos has been used the value might be
lower. In some cases a typical lifetime figure of 0.001 f/ml or even perhaps
higher might apply. For non-asbestos fibres there is insufficient data to
estimate exposures in environmental air. Specific non-asbestos mineral fibres
may be within an order of magnitude of asbestos levels; total non-asbestos
fibres would seem to be often higher than for asbestos itself, perhaps even as
much as ten times higher in some cases. i

For a typical environmental asbestos level of 0.0005 f/ml, several
thousands of fibres will be inhaled by a person into their lungs every day; only
a fraetion of the fibres will remain for long periods in the lung however.
Although several thousands might suggest 2 high dose, in fact in mass terms it
might represent only 0.2 pg per day which is a minute fraction of the total
particulate matter we typically inhale every day from the general air. In
contrast with the general environmental air, the exposure for the modern day
asbestos worker could be well over a million fibres inhaled per day at work. This
wouid compare with perhaps even 2 thousand million or more fibres inhaled per

day in the past where certain workers were exposed to very high concentrations
of asbestcs. :
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No definite risk to the general public from environmental ambient asbestos
exposure seems to exist nowadzys; however, in order to assess the extent of any

risk, theoretical mathematica! predictions of the level of possible risk have been
made and published. These predictions have been made by extrapolation of past
heavy occupational exposures {(where the incidence of human disease has been
recorded) to the known low levels of exposure for the general public inhaling
environmental air. Industrial diseases associated with asbestos exposure are in
all probebility more likely to be related to inhaling extremely high levels of
asbestos over prolonged periods. Although very precise levels of exposure are
riot known for the relevant expasure periods years ago, it is anticipated that
long-term typical levels could have been as high as several hundreds of fibres/mil
air in areas where men-were working. The exposure to asbestos for the general
public is minute by comparison. In the mathematical model referred to above,
predictions were made of possible levels of lung ‘tancer and mesothelioma risk
from inhaling environmental asbestos; asbestosis and other cancers were
considered rather improbable. Also any human cancer risk from ingesting
amounts of environmental asbestos following the inhalation of airborne fibres
was considered to be at mest, exceedingly low: such a conclusion has been based
or. the evazluation of human epidemiological studies and snimal feeding studies.
Taking account of the usesble published predicted risk estimates, a critical
evaluation suggests that if any risk exists from inhaling asbestos in environ-
mental zir it is at an extremely low level. A reasonable estimate for a lifetime
cancer risk due to asbestos itself which might arise from a lifelong environ-
mental exposure of 0.0005 f/ml would appear to be about cne in 100,000 or
lower. Even for teachers and children exposed in school buildings containing
asbestos, the predicted lifetime risk is only marginally greater in relation to
other comparable groups of people. For brie{ periods of exposurs which might
arise for the general public where they or others have ‘occasionally sawn or
_ sanded asbestos materiais, this would again appear to provide only & marginally
increased possible lifetime risk. Since crocidolite and/or amosite might be more

hazardous than chrysotile, the theoretical risk from their exposure could be

higher than that for chrysotile. However by far the commonest form of asbestos
in environmental air is chrysotile and it is anticipated that it would be rare, if
ever, these days for individuals to be exposed to lifetime concentrations of
amphibole asbestos as high a2s 0.00C5 f/ml. Thus the effective population risk
G.e. the number of any possible cancer cases) from exposurz o environmental
levels of amphibole asbestos should be exceedingly low. A lifetime risk level of
around one in 100,000 for environmental asbestos exposure would seem to be an
acceptable figure. It would appear to be lower than day toc day 'rare-event’
extremely low level risks, such as the cancer risk, from cosmic radiation when
flying across the Atlantic, or from eating charcoal broiled meat, or the risk of
being killed by lightning. Even if the typical lifetime exposure to asbestos
(predominantly chrysotile) is as high as 0.001 cr even perhaps 0.602 f/mi, the risk
would still seem to be within, or lower than, the range of these 'rare-event'
situations. It is anticipated that the opportunities for lifetime exposures greater
thari these levels would be rare and in consequence the nurnber of possibie
cancer cases (if any) should be very small indeed. The World Health
Organization regards a level of 1 in 100,000 for lifetime risk as acceptable in
relation to defining guidelines for carcinogenic substances in drinking water.

One should not overlook the fact that any possible risk of lung cancer from
asbestos exposure appears to be greatly multiplied by tobacco smoking; non-
smokers will therefore aoid this additional risk. Greater possible risks could be
associated with certzin workmen dealing regularly with asbestos products where
the processes are dusty; such exposures are however regarded as occupational
and are cutside the scope of this Report.

Any possibility of a risk associated with environmental asbestos exposure
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in the future should decrease even further as improved control measures and
changes in fibre use occur. The anticipated decline means that the health
implications for the future will probsbly be of even lower significance. A
decline already seems to be evident in that cases of mesotheliomas found in the
past in members of the public seem not to be reported nowadays. Also the fairly
sharp decline in recent vears in the use of crocidolite and amosite in relation
to chrysotile could decrease any risk since the amphiboie forms appear to be
more hazardous than chrysotile.

For inhaled non-azsbestos mineral fibres including man-made mineral fibres
(other than in the case of exposure to naturally occurring fibrous erionite), there
seems to be no risk from cancer. This is supported by industrial experience -
where exposure to various mineral fibres has not definitely been shown to be
associated with the diseases which can arise from heavy asbestos exposure.
However occupational exposures have been lower than for asbestos. Also the
fibres in industry are often larger and consequently are less readily inhaled.
Nevertheless what is of importance is the fact that in a number of cases the
workers have not perhaps been exposed for long enough to enable long latent
period diseases such as mesothelioma and lung cancer to develop. There are in
fact some suspicions regarding lung cancer risk for occupational exposure to
certain man-made mineral fibres. Thus for the present, one should regard the
health implications of exposure to non-asbestos mineral fibres as a little
uncertain. It is of interest to note too that in some exposure situations e.g. in
city air, there can be a preponderance of non-asbestos fibres over asbestos ones.
Animal testing suggests that all mineral fibres of dimensions comparable to
asbestos may have somewhat similar biological properties. However some fibres
e.c. glass, are less durable and can be dissolved by lung fluids and could
therefore be less hazardous. Non-asbestos mineral fibres in environmental air
can be of similar dimensions to asbestos aithough in a number of cases they may
be much larger and therefore net so readily inhaled. The presence of non-
zsbestos mineral fibres in environmental air should not te cvericoked, especiaily
in light of the fact that there is anticipated to be an increased usage of such
fibres with time; in 2 number of cases they are used as asbestos substitutes.
However it is uncertain whether any possible health significance relating to
exposure for the general public will alter in the future. The probability is that
army risk wiii remain at a very low level. If any fuiure concern regarding
environmental asbestos is expressed then one should at least consider the
significance of other mineral fibres at the same time.

Setting aside the nstural erionite exposure in some villages in Turkey
where mesotheliomas have arisen, it is perhaps not impossible that unacceptable
levels of exposure to asbestos and possibly other mineral fibres could exist in
certain parts of the world today. One would anticipate that the chances of
finding such undesirebie conditions regarding asbestos exposure would be very
remote now, at least in developed countries. For parts of the developing world
however, it would seem that particular vigilance should be exercised to ensure
that 3sbestos risk situations such as those found elsewhere 20 to 30 years ago
are contrelied if they happen to exist.- The exposure to the natural fibrous
mineral erionite is perhaps a warning that there might be other exposure
situations in the world in relstion to this or other comparable minerals. The
dimensions of erionite fibres are not dissimilar to those for some amphibole
forms of asbestos and both have been associated with a definite risk of
mesothelioma when substantial quantities of fibres are inhaled. Thus efforts
should be made to identify any possible risk situations where the general public
might perhaps be exposed to excessive levels of mineral fibres of different
types.
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THE HEAL
OTHER MINERAL FIBRES IN ENVIRONMENTAL AIR

There has been. and still is, considerable misunderstanding regarding the
health significence of envircnmental airborne asbestos and to a lesser extent
other airborne mineral fibres. Emotional attitudes are not uncommon, causing
In spme casges unwarranted concern and even panic. Because a considerable
number of scientific and medical investigations have been carried out in recent
years, it is now possible to zppraise and draw some conclusions regarding the
worldwide health implications of environmental levels of asbestos and other

mineral fibres in air; -it is with this background that this Health Resumé has
been compiled.

.

There wouid seem to be no firm evidence that the general population is
currently at risk from developing cancer or other diseases as a result of their
exposure to present day levels of asbestos or other mineral fibres in air, apart
from one special case of localized exposure to the non-astestos fibrous mineral,
erionite, in scme Turkish villages. In this special situstion in Turkey, there is
2 very strong indication that the inhalation of erionite where it ‘occurs guite
naturally, has caused, and still is causing, cases of mesothelioma and also
possibly lung cancer in the c=neral population living in certazin villages there.
Elsewhere in the past. about 20 vears ago, a few cezses of mesothelioma in the
general public living in some mining areas were associated with exposure to
crocidolite asbestos. Also about 20 years zgs, cases of mesothelioma were
recorded in the gensra! population who were exposed to presumably rather
excessive levels of ashestns nesr factories, etc., cor inside people's homes; the
home en\ironment being probably heevily contaminated as a result of asbestos
workers bringing the dust home on their workclothes. The general workplace
risk of mesotheliome however seems to be far less essociated with the much
more commonly use¢ chrysotile asbestes, in comperison with amcsite or
crceidolite zsbestos which are now Soth declining in use.

Although there seems to be no real demonstirable risk to the general public
from exposure to asbestcs rowadavs, some mathematical predictions have been
made of the pcssible level of health risk by extrapoiation using ocrncupational
data. These predicticns have been made on ths besis of the very significant
occupational health risk from asbestos in reiation to the workers' heavy exposure
in the past and the comparatively minute exposure for the general public. Risk
models for both lung cancer and mesothelioma have becn used and the predicted
risk of asbestos exposure allowing for factors such as smoking has been
determined. The public's cancer risk (if anyv) arising from the ingestion of
asbestos and any other mineral fibres following the inhzletion of asbestcs is
corsidered to be at most, exceedingiy low. in the case of the fallout of asbestos
and cther minerzl fibres from the general air, where they might ultimately
contaminate water supplies and food crops end thereby become directly ingested,
this contribution appears to be & trivial source of exposure; the health risk
associated with such fallout is consigered guite imsignificant.

The critical evaluation of the published data from mathematically derived
risk estimates for inhzled environmental asbestos suggests that if a risk exists,
then it is at an extremely low level. As a result of the current exposure to
asbestos itself in envirenmental air, the possible lifetime cancer risk (lung
cancer and mesciheliome combined; would appeser to be zbout one in 100,000 or

lower. Past expesure Jeveiz of asbestos in special cases meay have been
zesociated” with & somewhat higher level of risky {uture environmental exposure
isks will aimost certzinly be even lower still. Cther than cancer, no other

heaith risks ‘e.g. esbzctosis: from asbestas expesure in envircnmental air appear
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to be at all probable. The predicted possible risk from asbestos in air would
appear to be at an acceptable level and seems to be within the range or even
lower than some other 'rare-event' extremely iow level risks which society
faces, e.g. the cancer risk, from cosmic radiation when flying across the
Atlantic, or from eating charcoal broiled meat, or the risk of being killed by
lightning. The World Health Organization too, regards z level of lifetime risk
of one in 100,000 as quite acceptable in relation to defining environmental
guidelines worldwide for the quality of drinking water. In relation to asbestos
exposure, any possible risk from lung cancer would appear to be greatly
multiplied by smoking habits: Thus non-smokers avoid this major additional
impact and their possible lung cancer risk from asbestos could be as much as one
tenth that for smokers also inhaling asbestes in environmental air.

It should be stressed that in the above averall assessment of health risk,
particular account was taken of possible higher risks for certain people e.g.
teachers and children who might be inheling additional asbestos fibres in some
schools or other buildings where elevated levels of fibres in the indoor air have
been reported. It would appear that the possible cancer risk is only marginally
greeter and still well within, or lower than, the range of other very low-leve!l
day-to-day risks society faces; a possible lifetime total cancer risk from
asbestos exposure alone of sround one in 100,000 or lower would still seem to
apply for such groups. Similarly, for brief higher levels of asbestos exposure
that might arise for the general public where they or others have sawn or sanded
asbestos material, would appear to provide only a marginally increased possible
lifetime risk. Greater possible risks could be associated with workmen dealing
regularly with asbestos products where the processes are dusty; however such
exposures are regarded as occupational expecsures and are outside the scope of
this Report. Since the amphibole forms, crocidolite and/er amosite, might be
more hazardous than chrysotile, the thecretical risk from exposure to them could
be higher than for the latter. However, by far the commonest form of asbestos
in environmental air is chrysotile and it is enticipated that it wouid be rare, if
ever, these days for individusls to be exposed to significant lifetime concen-
trations of amphibole asbestes. Thus the effective popuiation risk from exposure
to environmental levels of amphibole asbestos should be exceedingly low.

Apart from the present known risk of mesothelioma to certain Turkish
viliagers arising from the inhaiation of nztura: erionite fibres, there is no firm
evidence of any public health risk from current exposures to other natural or
man-made mineral fibres. No models for predicting a level of possible risk to
non-asbestos mineral fibres have been proposed. Even in industrial situations
where the exposures, although very modest in comparison with past asbestos
levels, are considerzbly higher than in the general environmental air, there is to
date no definite evidence that workers contract asbestos-type diseases; however
further occupeational studies are needed to quantify any possibie risk. Never-
theless it Is of interest that in some environmental exposure situations (e.g. in
city air) there would appear to be a preponderance of non-asbestos fibres over
esbestos ones; e proportion of these non-asbestos fibres will be of natural origin.
Also shimea!l testing suggests that various mineral fibres can have similar
biological properties to asbestos, where the fibre dimensions are comparable.
Thus the significance of the presence of such non-asbestos fibres should not be

overlooxed, especially since their use is increasing. However although there is

a iittle uncertainty regarding their precise possible health significance for the
general public, the probability is that the environmental risk, if any, is at an
extremely low jevel and it will continue tc remain so, except perhaps in the case
of erionite.

Aithough in general, the nhealth risx from exposure to environmental
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asbestos and other mineral fibres would appear to be extremely low, it may not
in fact be zero and consequently certain precautions are prudent. However if
the currently available control measures and codes of practice are correctly
iollowed, no further drastic general measures would normally seem to be
necessary for the public's protection. The one isclated exception seems to be
natural erionite contamination, e.g. in some village situations in Turkey where
& definite health risk exists, and further controls could be required.

It is not perhaps impossible that unacceptzble levels of exposure to some
mineral fibres, including erionite and asbestos could occasionally still exist in
certain other parts of the world. "In developed countries, the chances these days
of disccvering really undesirable conditions regarding asbestos exposure, should
be very remote; however in parts of the developing world, particular vigilance
should be exercised to ensure that some of the asbestos risk situations which
were experienced elsewhere, 20 or so years ago, ‘are controlied if they happen
to exist. Similarly, it is important to try to identify situations where the
exposure of natural non-asbestos mineral fibres may be undesirably high. Thus
one could anticipate that in the future, the health risk from exposure to asbestos
and other mineral fibres in the environmenta! air worldwide, will be at =zn
acceptiable very low level. In the case of the nzturally eccurring minerals like
erionite the situation could be different howeaver, in that it may be difficult to
apply control measures to protect fully people living nearby.
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1. . INTRODUCTION

in order to evaluaste the significance of asbestos and cther mineral fibres
in air it is essential to review a range of asgects; these include the types, uses
and potential sources, sampling and analysis, cancentrations found in air, as well
as the health implications. In this introductory chapter, the types, uses and
potential sources of asbestos and other mineral fibres which can contaminate
environmental air are considered. Other zszzcts are dealt with in subsequent
chapters. ,

There have been numerous reviews of the properties, types and uses of
asbestos, and some on other mineral fibres, including man-made mineral fibres
(1-10); only a brief review of these particular aspects is given here. Maore
emphasis is given to asbestos because of its reievance within the context of this
Report and also since more is known about asbestos than other mineral fibres.

1.1. Asbestos
1.1.1. Types of asbestos

Asbestos exists as a class of naturally occurring fibrous silicates (1, 3, 9).
Asbestos deposits are found in many parts of the world. Russia and Canada mine
considerable quantities but South Africe, Zimbabwe, China, Italy, Brazil, United
States of America and Australia are zalso notec for their production (11). Small
deposits often quite uneconomical to mine will be found in many countries.
Asbestos or products containing it are meanufectured or imported by practically
all countries.

There are two meain groups of asbestos: the serpentines and the
amphiboles, comprising & total of six main types of f{ibre (1,3). The
technological importance of asbestos relates to its resistance to fire, its thermal
and electrical insulation properties and its special binding capacity when
incorporated into cement products, etc. This binding property provides strength
and stability (9,11) when it is used in cement products, and also when asbestos
is mixed with various other materials such &s occurs in the fabrication of brake
linings and floor tiles, etc. The names of the six main {ypes of asbestes are (a)
Serpentine group: Chrysotile (‘white asbestos’), (b) Amphibole group: amosite,
crocidolite (*blue asbestos'), anthophyllite, tremolite, actinolite.

Different asbestos types as mined mzay be contaminated with other
minerals including fibrous ones; some of these minerals mey be removed in
processing raw asbestos (4). Also different asbestos types may exist together;
for example chrysotile is not uncommoniy asscziated with small quantities of an
amphibole, tremolite (4, 8).

The properties of the different fibres vary. Chrysotile is rather different
from the amphibole group; it tends to be sttzcked by acids (9) because of the
mzgnesium hydroxide within its lattice structure. The amphiboles tend to be
mere resistant to such attack (1). Chrysctile is usually a flexible, silky and
_tough fibre, whereas the amphibole types ere usually somewhat brittle by
comparison (1). Chrysotile is composed cf minute fibrils which are curled
silicate sheets spiralled as helices around & central fine capillary; the fibrils
{the individual ultimate fibres) can be as narrow as 0.01 pm in diameter (2) but
typically they are 0.02 to 0.03 pm (2). The emphiboles in contrast are solid lath-
like fiorils generally having a larger cress sactional area than chrysotile; they
can be around 0.1 pm in equivalent diameter or larger. When heated to
temperatures in excess of 5000C chemice! chenges will occur and at 7509C the
phvsiczl strength of zsbestos will decrease (13
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Because of the different properties of the vearious fibres, they ere used for
a variety of purposes {1). The consumpticn cf asbestos has greétly increased
during this century (9, 14). Approximately ©5% of all ezsbesios produced is
chrysotile; the remainder consists mainly of amosite and creocidelite. In recent
years somewhat less asbestos has been produced; the use of crocidolite and
amosite has declined in particular (15).

1.1.2. General uses of asbestos

Its range of characteristics of flexibility, strength znd durability have
allowed more than 3,000 uses to be made of this unigue sulstance (16). Some
of the more common uses (listed in typical order of amcunts produced) are
asbestos-cement building products, asbestos-cement pipes, floor tiles, sheets,
friction materials, fire-resistant insulation boards,\jointings and packings, textile
products, fillers, reinforcement, insulation and coating materials, etc. (1). More
then ‘80% of the world's usage of asbestos is as asbestos-czment products (2).
The proportion of the asbestos incorporated veries widely, l.e. tatween sbout 5
to almost 100%, according to the type of product. tviixturzs of different
zsbestos types are used to provide optimum properties for certein nroducts.

1.1.3. Potential sources of asbestos in environmental air

Because of the widespread use of asbestos eand procucts containing it,
inevitably some contamination of envircnmentzl air hes ariszn; the problem of
environmental contamination was greater in the past because of the existence of
fewer control measures. In addition to man-mace sources, same natural sources
of asbestos (weathering of soils and rocks) have contaminzted environmental air
(6).

Airborne fisres will ultimately be deposited en to verious surfaces as 2
result of natural fallout mechznisms often sccelersted by rainfall. Many of
these deposited fibres will become embedded in soii end scme will fall or get
washed into water sources. A limited quantity of depositeg fibres may become
re-entrained into environmental air. Socme poientiel sources oY asbestos fibres
releesed to air are asbestos boarding,"guttering, drainpipes, roofing, felting,
nsulation materials, tubs and pots, brake linings Tor motor vehicles, and in the
home or inside various buildings from 3 variety of sources. In many cases, at
most only tiny quantities of fibres are released from thess perticular uses of
asbestos; this is due to the fact that the products are often sealed with paints,
ete. or the fibres are so firmly bound {i.e. locked into a matrix), or are left
otherwise undisturbed. Only uniess such products are sanded or sawn, etc., will
there be the possibility for significant guartities of fibres tc be released. In
sgdition there is a range of minor possible sources of ashbestes; these have been
considered and apprzised elsewhere 6, 9, 17, 1B;. Mam sotential sources of
asbestos have been investigated but in most cases there wouid seemn to be little
evidence of significant release of asbestos fibres {6, 5, 19). However there are
certzin sources where some people have expressed particular cencern regarding
possible fibre release to the general environmentai zir; these sources are
eveluated below. They are:-

(a) asbestos brake linings; (b) asbestos waste tips; (c) industriel emissions and
mining activities, including tailings dumps: (d) use of ashestos roofing and other

outdoo: asbestos construction meterials; {e) ashestos in the home znd in other

buildings {especially insulation materials): (f, shipyerd sctivities; (g) use of
cbestos tailings and asphalt-asbestos mixtures for roac suriacing; (h) asbestos
ernoval and demolition activities; (i) do-it-yoursalf activities in.olving ashestos
products.
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V/here very extensive construction work, etc. is carried out using asbestos

materials the exposure may be higher to workmen, but this situation can be

regarced as occupational exposure and is therefore outside thz scope of this ’

Repcrt. In many cases it is not possible to determine the precise contribution

which various sources make to the general environments! zir.  Thus in this

Repcrt much greater reliance is placed on the overall levels of total 'respirable’

asbestos fibres actually measured in outdoor and indoor situations. (s2e Chapters
2 and 3% ’

{2} Acbestos brake linings as a source of asbestes in environmental air.

For many vears brake linings used in motor cars and some other forms of
transportation and in machinery, have contained asbestos; up to 60% of the final
preduct used can contain asbestos (20, 21). When braking, the linings gradually
wear away releasing particles to the air. It has been suggested that in urban
ereas the wear of motor car brake linings may possibly be a significant source
of asbestos air pollution (6). However as a result of the frictionzl processes
which oceur during braking, very high temperatures are procuced which are
sufficient to cause a physical and chemical degradation of the fibrous properties
of the asbestos (6, %, 21-23). The temperatures are sufficiently high to cause
chrysotile astestos to degrade to the non-fibrous emorphous minerzl forsterite
(20); forsterite has been reported to be a harmless non-carcinogenic material (6,
22, 23). Various studies have been carried out to determine the prosortion and
amocunts of the asbestos fibres in the brake linings which mezy be released to the
ceneral air {6, 25-28). A study reported in 1978 suggested that brzking caused
99.7% of the asbesios in the brake linings to be convertec¢ intoc inert and
harmless particles (6, 23). In another study reported in 1582 {21}, over 99.9%
of the asbestos was found to be chemically or physicaily alterec so that it could
no longer be identified as asbestos; furthermore iess than 1% of zny asbestos
fibres relezsed were longer than 5 pym (i.e. few were of dimensions which are
considered to be of particular biclogical significence; sse Chapter 4). In
snother study reported in 1576 (6, 29), only 3-6% cf the debris released from
brakes seemed to be asbestos; again few of the asbestos fibres were longer than
S5 pm. Verious other studies reported that very little asbestes as such is released
from brake linings (6, 20-23, 231). In a more recent study (21) it was found that
only 2 to 6 pg of asbestos/km/vehicle was emitted to the air. Even
measurements made very close to test vehicles indicated concentrations of less
than 0.0004 to a maximum of 0.007 f/ml air (19); at cross roads in & large city
concentrations up to 0.0004 f/ml air were observed {1%9). Thus it wsould appear’
that the emissions of asbestos from the use cf asbestos brake linings are not of
major consequence (see Chapter 3, for comparison with informztion on general -
levels in environmental air).

{b)  Asbestos waste tips.

Clearly such tips can be a potential source of windblown asbestos dust.
These cays such tips are better controlled (6, 8) and a minimum of dust will be
released to the air. Near one asbestos waste dump (19), levels of 0.0001 to
0.00G645 f/ml air were recorded. In the past some measurements made in the
U.K. provided higher figures and the majority of results seemed to be in the
concentration range 0.01 to 0.2 f/ml (8). The method of analysis used however
wag optical microscopy and the results are likely to be in error because of the
presence of non-asbestbs fibres which will have been present znd recorded as
zsbestos (see comments, Chapters 2 and 3)

insufficient dats is available to draw firm conclusions, bot if the normal
control practices are carried out asbestos waste tips shouid nct now be
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significant contributors of asbestos to environmental air (6, 232). Any problem
is normally minimized anyway because such tips are usually remote from where
people live.

(¢) Industrial emissions and mining activities, including mining tailing dumps.

In  the past some industrial sources have been reported to be very
significant contributors of airborne asbestos levels; eye witness accounts (30)
have referred to snow-like films of asbestos dust in the communities of some
asbestos mining areas in years gone by. These days with the practice of
improved controls for mining activities, the emissions to environmental air are
much lower. Probably even today certain activities (especially in some parts of
the less developed world) release some asbestos to environmental air; poten-
‘tially they are probably one of the larger sources of human exposure although
they are quite local to such mining areas. Recently in South Africa,
concentrations of asbestos in the range 0.0002 to 0.6 f/ml air have been reported
close to mining areas (31). In Canada, concentrations in the range 0.0002 to
0.0018 f/ml have been reported (31). In Italy a level of 0.009 f/ml has been
recorded (32). In the past levels of even up to over 1 f/m! have been reported
(33, 24), but these were probably short duration measurements and thus are in
no way representative. Factory emissions on the other hand these days should
be relatively minor sources where proper controls are implemented; most
developed countries have introduced adequate means of control. In some cases
in certain developing parts of the world the controls may not yet be very
effective. Levels as low as 0.0005 f/ml to 0.002 f/ml air near manufacturing
plants have been recorded in recent years (19, 32).

Transportation of asbestos these days is not considered to be a potential
source of asbestos since the material should be conveyed in adequate packaging
(19); the situation was very different some years ago however (268).

(d) The use of asbestos roofing and other outdoor asbestos construction
materials. :

Such materials have been used extensively in the construction of various
types of buildings; they are still used widely in some parts of the world. In
studies carried out in Germany, the concentrations were below 0.00015 f/ml in
a village where 'claddings' and roofs were made of asbestos products (19).
Samples taken on a very large heavily weathered roof showed a maximum of
0.600%4 f/m! (19). In South Africa in urban Soweto, an area with almost exclusive
asbestos-cement roofing, the concentration of asbestos was only 0.0002 f/ml
(31). In Austria, levels were reported to average less than 0.0001 f/ml in an area
of asbestos roofing (32). Thus in general the levels in areas where asbestos
roofing and other construction material have been used would appear to be low
(for comparison with generai envircnmental levels, see Chapter 3).

(e) Asbestos in the home and other buildings.

There is a wide range of potential sources within homes and other
buildings, e.g. asbestos flue pipes, electric toasters, electric heaters and
hairdryers, ironing board pads, oven gloves, cooker and boiler seals, cooker
simmer mats, ceiling and floor tiles, some clothes dryers, packing materials
boarding, lagging and .for some other insulation purposes (more especially
sprayed-on insulation;. One common misconception is that the different
products containing asbestos al]l release fibres. Many asbestos products consist
of asbestos fibres which are ‘locked into’ cementitious or similar binding
msterials which makes it very difficult (if not impossibie In some cases) for
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fitres to become released to the azir. One rather different situation however
exists where asbestos has been in the past ssrayed onto surfaces (often for
insulation purposes). In the United States it has been reported (76) that where
a dry mixture of asbestos and binders was zpplied through & weter spray, much
more loose and friable surfaces occur compared with cementitious or plaster-like
material zpplied as a wet slurry with asbestos {(see Chapter 3, section 3.2). In
=z number of cases asbestos fibres could be rezdily released irom surfaces where
ashestos had been sprayed on; the spraying of asbestos has only been carried out
to a rather limited extent worldwide and the practice may not have occurred at
all in some countries; it has now been abandcned (75). Probably where this
practice has occurred it is potentially one of the more notable sources of
asbestos fibres being released to the air inside buildings. However even in this

case the average concentrations are not very-high (see Chapter 3 and also
below).

The surface of any asbestos-containing article that becomes damaged is a
potential source of small quantities of asbestcs fibre released to the zir. In the
home or in other buildings many asbestos products are sszied however (as a
result of being painted or they are inside equipment, ete.), end the release of
fibres is thus at an absolute minimum. Studies of airborne concentrations inside
builcings have been made in order to zssess the overzll likely combined
contribution from various sources there. Typical long term median concen-
tration levels of around 0.0005 f/ml have besn suggested for indoor air where
ashestos products are present (9). Higher levels have been reported {see Chapter
3; but in many cases these results are not regresentative of long-term exposure
conditions. Probably the commonest source cf asbestos exposure to the general
public, zlbeit at a low level, is from sources within buildings (9). Ore particular
source that has been investigated are hand-held hair-dryers since a few years
ago it was suggested that they were a possible source of undesirable quantities
cf zZevestos. However extensive studies (35, 36} indicated thst the maximum
leve! of exposure was only 0.002 f/ml even urder very extreme conditions; this
is trivial (see Chapter 3). A comparison between the levels of asbestos inside
different buildings, including school buildings where some higher levels have been
reported, is given in Chapter 3.

(f}  Shipyard activities.

Few actual measurements have been made of the general environmental air
adjacent to shipyards where asbestos products for insulation and other purposes
were used. Elevated levels may have occurred in the past (37, 39); however
these days, the possibilities for significant fibre release to the general air are
anticipated -to be rather remote.

(g Use of asbestos 'tailings' and asphalt-asbestos mixtures for road surtacing.

In_the U.S.A., the use of 'tailings' for this purpose is prohibited now (6);
at one time this source could have represented & very substantial source of
emission to the general air in some situations in certain countries. The release
of asbestos from the use of asphalt-asbestos mixtures for rosd surfacing has
been investigated but it seems unlikely that fibres could beccme airborne in
significant quantities (6). :

i 4
\

{(n)  Asbestos removél, demoliticn and disposal activities.
It is now recognized that this can creste & potential hezard for workers

invelved in removal and demolition and disposal practices (118). These days,
codes of practice shouid be followed to minimize worker exposur (6). For the
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general public, these activities are potential sources of only brief exposures to
asbestos. In the past undoubtediy the levels would have been higher. Nowadays
codes of practice are laid down which will minimize the exposure for the general
public 76, 232). In some cases unwarranted removal and demolition rather than
'sealing in' asbestos products in situ could have caused unneccessary exposure to
the genera! public. Demolition of asbestos-cement claddings has been reported

to give rise to @ maximum of 0.001 f/ml air (19); 100 m away the concentration
was less than 0.0001 f/ml (19).

(i)  Do-it-yourself activities involving asbestos products.

This is a potential source of exposure for the general public. These days
recommended procedures are suggested (17, 18) to minimize exposure to asbestos
fibres. Unless care is taken this source may perhaps represent a substantial
source of expesure for members of the public. Particular care needs to be taken
when sanding surfaces such as floors, walls and ceilings, etc., and also when
cutting or drilling asbestos products; codes of practice have been published an.

1.2, Non-~asbestos fibres

1.2.1. Types, uses and potential sources of non-asbestos
mineral fibres

There are numerous known types of non-asbestos mineral fibre; it has been
estimated that over 150 asbestiform minerals exist (40). In addition, a number
of man-made minera! fibres exist (7). Some of the commonest non-asbestos
mineral fibres are:- attapulgite, erionite, rock wool, slagwool. carbon, glass,
ceramic, sepiolite, aluminium silicate, meerschaum, wollastonite, tale, graphite,
aluminz, boron, mica, hallcysite, dawsonite, calcium sulphate, potassium
octatitinate, vermiculite, pigmentary potassium titinate, brucite, pyrolusite,
rutile (7, 9, 41, 2310

Nor-asbestos fibres are used for a variety of purposes, some are put to the
same use as asbestos itself. Their detailed uses and properties have been
reported elsewhere (7, 9, 10, 42}. Little is known about the contribution which
various uses of non-asbestce mineral fibres make to the general envirormental
air; certain mineral fibres can often be rather large and therefore do not always
come within the defirition of 'respirable’ fibres which usually is the case with
asbestos (7). The available data (see Chapter 3) suggests that the levels of non-
mineral fibres in environmental air are usually very low. Although iittle is
known about general environmental levels, one fibrous mineral of special concern
is erionite. Erionite is found naturally in some villages in Turkey; levels of over
1 f/ml have been reported during the cleaning of caves where some villagers live
(9, 43;. The exposure to this natural mineral erionite is associated with cases
of mesothelioma in the village population (see Chapter 4). This mineral seems
te have had very limited commercial applications however (9.

A recent study (31) has indicated that in many cases relatively high
proporticns of the total fibres detected in environmental air are non-asbestos
minera; fibres; for example in street air it has been reported that perhaps 90%
of the minera! fibres are non-asbestos (19). Recently it has been shown that in
some places in South Africa, up to well over 90% of the mineral fibres in some
samples were non-zsbestds (31). Some of these non-asbestos fibres will be of
netural crigin and some could be man-made. Natural calcium sulphate and
aluminium silicate fibres are fairly common in environmental air (275).
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2. SAMPLING AND ANALYSIS OF ASBESTOS AND
OTHER MINERAL FIBRES IN ENVIRONMENTAL AIR

It is not the intention here to provide extensive details of the sampling and
analytical methods for measuring mineral fibres in air. There have been many
articies published on this subject (2, 8, 9, 44-57). A few special points however
will be highlighted in relation to measuring mineral fitres in environmental air;
these are: (e} in the past, the sampling procedures were not standardized which
led to considerable variations in results, {b) in the past especially, a variety of
analytical methods have been used which also-led to a wide range of results, (c)
there are particular difficulties in comparing some past and even some recent
measurements with results obtained with acceptable modern methods, (d) for
consistency and relevance it is useful to refer to one type of measurement for
assessing possible health risk. In this Report all relevant measurements for
environmental air are expressed as if they had been measurec by detecting fibres
using phase-contrast optical microscopy. (It will be seen later however that for
environmental air optical microscopy per se is not satisfactory for detecting and
measuring mineral fibres; measurements have to be carried out with electron
microscopy techniques and the results then expressed as if measured by optical
microscopy). Practically all the information in this chapter relastes to the
sampling and analysic of asbestos fibres, but much of it is ziso relevant to the
measurement of non-asbestos mineral fibres.

2.1. General aspects

In the occupational field, the sampling and analysis of asbestos fibres have
become standardized (44, 45, 48, 49, 50-55, 58), although research into possible
improvements is still being carried out {49, 59). In contrast, as yet no
iriterngtionally ‘accepted standard method for measuring ssbestos in environ-
mental air has been published {6, 46). The standardized occupational methods
used fer the workplace situation are based on phase-contrast optical micro-
scopical examination of specially coliected filter samples. In this method the
'respirable’ fibres {6, 44, 48, 50, 55) are the ones which are counted and recorded
as fibre number concentrations. The 'respirable' fibres are regarded as those
which are not less than 5 pm long and less than 3 pm diameter, and having an
aspect ratio of length to diameter of greater than 3:1 (6, 44, 48, 50, 55). This
method is satisfactory in that it provides results which are regarded as suitable
for a2 relative index of possible health risk of exposure to mineral fibres. The
method using optical microscopy however is not capable of distinguishing
between different types of mineral fibre or different types of asbestos (6); it
gives & result for total 'resgirable' fibres whether the sample contains asbestos
or other mineral fibres or @ misture of both. In general it is quite adequate for
occupsticnal measurements since the specific type of fibre to which the
industrial workers are exposed, is usually known (6). For the general
environmental air it is important to use a method which also records ‘respirable’
fibres so that a satisfactory index of possible health risk to the exposed
population can be obtained (48). The method needs to Be capable of readily
distinguishing between ‘respirable' and 'non-respirable' mineral fibres in the
presence of a very large proportion of generai particles of various types in
environmental air. Unfortunately, as referred to above, it is not possibie to use
optical microscopy (a reletively simple and inexpensive method) to detect say
specific fibres like asbestos in the general environmental air. This is because
the method cannot identify the asbestos fibres which are frequently only perhaps
10% or even less of the total .mineral fibres present {19). Also optical
microscopy may not be capablie of distinguishing betweean various mineral fibres
and organic fibres present in environmental air (35, 46, 60, 61 It has been
reported that only asbout 0.3% of the totai airborne fibres cof all types and sizes
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irn erircnmental air may be detected by phzse-contrast opticel microscopy (35,
€1). Fither transmissicn eleciron microscop: 'a compiex and expensive method)
or scanning electron microscopy ia relatively cheaper and cuicker method) are
zdequate to measure the relevant fibres irn environmental eir, i.e. those which
heve been used as an index of rossible heaith risk (2).

For full environmental air measuremsnts (often used for research pur-
poses), it is necessary to use transmission electron microscopy; this is the only
orocedure which can identify specific types of mineral fibres of all sizes (2, 9,
35, 46, 49). When using the transmission electron microscopical method for the
general environmentel air, the procedure can nevertheless be arranged so that
the results can be made comperable with those obtained for the workplace
stmosphere (where standard phase-contrast optical microscopy 1s used). In both
methods the 'respirable' fibres (i.e. those greater than 5 pm long and less than
3 pm diameter) are recorded. Thus by compering such results for the general
environmental air with those measured fer the workplace atmosphere, the
relative health risk may be assessed; however there is an important factor
which needs to be tzken into sccount. This faector relates to the much better
resolution of fibres with transmission eiectron MICTOSCOPY, i.e. fibres down to
0.01 pm can be detected, compared with optical microscopy where the narrowest
fibres detectsble are usuzlly 0.25 pm (2. Due to this feature it has been
reportec that oniy between 2 anc 50% of fisres longer than 5> pm are detected
by opticz! microscopy (6, 49;. elthough 2ll sizes cf mineral fibres are capable of
bsing detected by transmission electron microscopy. Because of this it has been
suggested thet a transmission eigctron micrescepical count for fibres longer than
5 pm should be divided by a fector of 10 ‘zn average value) to provide the
equivalent optical microscope ficre count ‘4% This factor however can vary
ccnsiderably from the average vaiue of 10 depending on the type of sample (6).
Tnis =dds to considersble uncertzinty in resuits obtained by this means. In
cartzin cases (49, 62) measurements by means of transmissicn  electron
microscopy can be so arranged to measure specificaily those ‘respirable' fibres
greater than about 0.25 pm diameter ‘i.e. similar to the criteria for
determination by phase-contrast microscopy,; where this is the case the factor
of 10 referred to above is not zppliceble. The valuable use of scarning electron
microscopy for analyzing general environmentz! air has been recently described
(5. Thic convenient rmathod (45) permits mzasurement of asbestes fibies in
z5out the same size range as measured by phase-contrast optical microscopy
(457 the results are directly comparable with each other and no special factor
is reccired as in the case of certazin transmission microsccpy measurements.
Only 2 small fraction (perhaps 10%) of environmental asbestos fibres greater
then 5 pm long seem to be pelow the detection limit of scanning electron
microscopy (275).

For soeciai research purposss it may Le necessary toc measure all sizes of
fisres for some situstions in environmental air (62). This will include many
fibres less than 5 um long (9. For an index of health risk however, those fibres
which are specifically greater than 5 pm é&re considered the more important;
these are the ones measured in the workplace environment (2, &44) and of
grestest interest in the environmental air.

The detzils of the procedures used to measure environmental levels of
mireral fibre in air have been described elsavhere (6, 46, 52, 57). An outline
ci the modern procedures is given below.

2.2. Outline of current procedures for the measurement of
asbestos and other mineral fibres in environmental air

~zrsrission elecircn micrescopy is the only analyticel method which can
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detect and identify all sizes of mineral fibres present in environmental air (46).
The biologically more important fibres i.e. those specifically greater than 5 pm

long can alsc be measured by this technique (6). Scanning electron microscopy
also measures these more biologically important fibres (9, 10, 45) but it is not
adequate for detecting all sizes of fibre in environmental air samples. This is
because its resolution (about 0.1-0.2 pm) is not sufficient to detect and allow the
identification of the very finest fibres (19, 45, 62). In order to identify fibres,
it is necessary to use selected area electron diffraction (SAED) and/or energy
dispersive X-ray diffraction analysers (XRD) attached to a transmission or
scanning electron microscope (46). Air samples are collected on membrane
filters and special transfer procedures are used to prepare specimens for
electron microscopical examination (46, 62). In some measurements made with
transmission electron microscopy, collected fibre bundles may be broken up into
individual fibres when preparing sample specimens for analysis (6); this can
seriously distort the true concentration of 'respirable’ particles present in
environmentzl air. Considerable expertise is required in the analysis and not all
laboratories can carry it out. By means of the SAED and XRD attachments, the
types of each individual fibre may be identified. In the case of asbestos fibres,
the identification of amphiboles is a pearticularly complex procedure 46).
Various sampling techniques for collecting airborne mineral fibres have been used
(2, &4-46); nevertheless improvements in both sampling design and analysis
continue to be made (49, 62).
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3. CONCENTRATIONS OF ASBESTOS AND OTHER i
MINERAL FIBRES IN ENVIRONMENTAL AIR :

KA

o8

In this chapter the concentrations of mineral fibres in the general ks
environmental air are discussed; the workplace environment is referred to in %
Chapter 4. Only the concentrations in air are considered in this chapter; =

aspects of actual human exposure to mineral fibres are considered in detail in
Chapter 4. Both levels in the outside and the indoor air (including various
buildings, offices and schools, etc.) are dealt with and the values evaluated. The
majority of study results relate to asbestos levels; relatively little is known
sbout the levels of non-asbestos fibres.

o REL 4w
L

There are many publications where concentrations of asbestos and certain
mineral fibres in environmental air have been reported (1, 6, 8, 9, 19, 30-32, 34, 2
35, 49, 63-76). Some of the published measurements are rather old and in T
certain cases the results are quite unreliable (9, 77). An attempt has however M
been made wherever possible in this Report to avoid referring to those results
which were considered by the author to be too unreliable or too un-
representative. As discussed in Chapter 2, various methods of sampling and
analysis {(more especially for asbestos fibres) have been used; in recent years an
attempt has been made to try to standardize these procedures.

A very important aspect of the measurement of mineral fibres in
environmental air is the need to ensure that the results are meaningful in terms
of defining any possible risk to health (see Chapter 4). In terms of ‘respirable’
fibres in the range of sizes regarded to be of biological importance in
environmental air, the most reliable measurement methods are those obtained
with electron microscopy. Both transmission and scanning electron microscopy
can be used (15). Results reported where optical microscopy has been used are
generally unreliable for specific mineral fibre such as asbestos in environmental
sir. Where the method has been used for asbestos, reported results are often
tco high because the technigue is not capabie of distinguishing between asbestos
fibres and the generally much larger fraction of other fibres in environmental air
(6, 35, 61, 78).

Because concentrations expressed in number terms are regarded as the
most appropriate for assessing health risks to mineral fibres, far less emphasis
is given here to data where the concentrations have been reported in mass units
(usually expressed as pg or ng per cubic metre or litre of air). The mass
concentrations of fibres are obtained when fibre dimensions and the number of
fibres in different size ranges are detected by electron microscopy, taking into
account too, the density of identified fibres.

In general the proportion of fine fibres is greater in the environmental air
than st the workplace {93 also very large fibres and fibre bundles (aggregates)
may exist at the workplace which would be less usual in the general
environmental sir. However although there may be a larger proportion of fine
fibres in the general environmental air, the mass of these fine particles does not
necessarily make a very major contribution to the total mass loading of airborne
fibres; this is simply because the mass of fibres is dependent on a squared
function of fibre diameters. At the present time the more relevant and now
accepted index of potential health risks to fibres in environmental air (2, 35, 44)
is based on numbers of-.fibres greater then 5 pm long, disregarding the very
finest fibres, i.e. those below 0.25 pm diameter. It is not an absolute index since
some inhaled finer fibres which could be deposited in the lung may be
cercinogenic; the proportion of such fibres in environmental samples analysed
bv scanning electon microscopy is low however (275).
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Verious authors have suggested factors to use when converting mass
measurement concentrations of asbestos fibre in environmental sir to the more
useful mumber concentrations (6, 8, 9, 76). In many although not in all cases,
care has been taken in reported studies to provide estimates of number
concentrations of environmental exposures which are as comparable as possible
to those as if measured by optical microscopy. However, it needs to be
recognized that where a conversion factor is used the value is critically
deperident on the fibre size distribution; it is also dependent on fibre type (6,
9). A relatively small change particularly in fibre dimensions, can make a large
change in a conversion factor (9, 79). In consequence, there is not a constant
factor which can be used to convert mass to number concentrations in units
which are equivalent to those for optical microscopy (8). Most_factors reported
for asbestos are in the range 0.00002 to 0.0004 f/ml per ﬁc_;,lrn3 air (6, 8, 9, 74,
76, §0-82). In some cases, the particle size distribution is not known or
recorded. In these circumstances, it is generally impossible with any reliability
to convert mass to fibre number concentrations. In this chapter the results
given sre where the calculated fibre number concentrations for environmental
air are as quoted in the original publication rather than attempting to make
iresh calculztions using different factors. However such results are of rather
limited value by comparison with measurements of number concentrations made
directly by counting particles.

The fibre dimensions for environmental air vary over .a wide range; the
dimensions depend on the type of fibres and the nearness to sources. For
asbestos the finest fibril for chrysotile might be 0.01 pm diameter and perhaps
0.2 pm long (83). A typical asbestos fibre in air remote from sources might be
.1 pm diameter and about 1 pm long (9, 84). Environmenta! studies carried out
in the U.K. suggest an average fibre of chrysotile to be 0.04 pm diameter, 0.74
pm long (85). Environmental studies carried out in Japan indicated that fibres
less.than 1 pm long. predominate; the average fibre iength was 0.5 pm in the
air near highways (231). Larger fibres of various minerals inciuding asbestos will
also exist in environmental air. Fibre size in industrial situations for comparison
have been extensively studied (86). In the case of asbestos sampled well away
from sources, relatively few fibres will be longer than 5 pm (9). Much less is
known sbout the sizes of other mineral fibres in environmental air; many
hawever are likely to be of dimensions within the rangs nermally found for
ashestos (see section 3.3.). Some will be much larger however.

The results of reported concentrations of mineral fibres in air are now
discussed. In this chapter much greater consideration has been given to results
of long-term sampling for mineral fibres in air; short-term sampling results are
likely to be far less representative of relevant human exposure. A longer term
overzll concentration is considered to be @ more relevant parameter for relating
to anv pessible health risk for meaningful exposures covering many years. In
some reported studies it is uncertain what period of time the concentrations
refer to; also precise sampling details especially where they could be relevant
to huntan exposure conditions, are aften lacking. Relatively little emphasis is
given here to those less well documented resuits.

Only in a few cases were specific types of asbestos reported for
environmental air measurements. In most cases the predominant fibre is
chrysotile since this is by far the commonest type of asbestos used (275). Only
rarely would the proportion of crocidolite and/or amosite fibres in environmental
air samples be significant.

A number cf investigations {see below) have been carried out where various
leveis of mireral fibres (almost exclusively asbestos) have been reported; maost
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studies particularly the earlier ones give results as mass concentration levels,
rather than number concentrations.

3.1. Outdoor air concentrations of asbestos

3.1.(a) Outdoor mass concentrations of asbestos
expressed as Pg/m3 air

Mass concentration measurements have been reported elsewhere as various
units but for reasons of consistency and convenience, all values here are
expressed in the one unit of ;.ug/m3 (published values have been recalculated
where necessary). As .mentioned earlier less- emphasis is given here to mass
concentration results, since those expressed in numbers of fibres in a given value
of air (usually fibre/m! air nowadays) are recognized to be the most appropriate
as an index of exposure which defines possible health effects.

In Paris, mean concentrations of asbestos of approximately 0.001 pg/m3 air
have been reported for outdoor air (6, 69, 87); 99% of all observations were less
than 0.007 pg/m3 air. In the U.S.A. (70), most average levels were in the range
up to about 0.002 pg/m3.

In Connecticut, U.S.A., the general levels some years ago were reported to
be less than 0.010 pg/m> air in both urban and rural locations (6, 74). Levels
were sometimes higher (6) in road tunnels.

For the U.S.A. as a whole however, it has been estimated that the average
level is about 0.0015 pg/m3; for urban areas the average is 0.003 pg/m> and for
rural areas 0.0001 pg/m? (65). In Helland (6}, levels of between 0.0005 and 0.002
pg/m> have been reported for industrial towns and 0.00G1 to 8.0005 pg/m? for
rural towns. In Canada, median levels were generally less than 0.001 pa/m? (6).
Some higher median levels were reported (up to 0.036 pg/m?) in some areas of
mining activity in Canada where there were mining activities in the past and in
areas cf natural asbestes erosion (6). Past levels of chrysotile asbestos in a
mining town in Canada were reported to average 80 pg/m>-140 pg/m> (88); they
are much lower nowadays (88). In the WU.K., near industrial emissions, mean
levels up to 3.t yg/r‘.’z3 have been repnrted (85). Il.iore recent rneasurements in
Canada (expressways, suburbs, small cities) indicated concentrations of asbestos
to be substantia!ly lower than 0.001 pg/m3 {6). In the U.K., mean levels in the
range less than 0.001 to 0.004 pg/m> hzve been recorded (85). For past
situations near emission sources in various countries a wide range of values has
been repcrted (6, 9, 34, 85), i.e. from 0.0001 to over 8 pg/m3; the higher values
represent short duration levels and are thus not representative of long term
human exposure.

Recently a comprehensive evaluation of concentrations for outdoor air has
oeen made taking account various studies from several different countries (9).
Median values of 0.0067 to 0.007 pg/m> were reported (3). Measurements
carried out in the last 5 years provided median values of less than 0.001 ;Jg/m3
{9). Mediar levels as high as 0.014 )Jg/m3 were reported for samples taken in
New York over 15 vears ago (9).

3.1.(b) Outdoor number concentrations of asbestos
expressed as Tibres/ml air

Scme reported vzives are given as fibres/l, fibres/m3, fibres/cc or

fibre/ml; for consisterncy and convenience the one unit, fibres/ml (f/ml) is used
here {reported values have been recaiculated where necessary). Only values
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measured by electron microscopy are seriously considered here, since those
measured directly by optical microscopy can be too high; this is due to the fact
that the latter technique cannot differentiate between asbestos and the high
proportion of non-asbestos fibres usually present in environmental air (6, 19, 31).

In Canada, median concentrations in 1982 (6) were reported to be in the
range less than 0.0004 f/ml] to less than 0.C033 f/ml for asbestos fibres over 5
pm; the situations studied covered an expressway (less than 0.0033), suburbs
(0.0007), a small city (less than 0.N01) and a rural area (less than 0.0004).

In Austria (32), average levels of airborne asbestos ranged from less than
0.0001 to 0.005 f/ml (fibres greater than 5 pm); the zreas studied included
asbestos mining and manufacturing, arees of .natural asbestos sources, urban
areas, and areas where weathering of asbestos-cement roofing sheets had
occurred.

In Germany and Austria, various studies have been carried out (19).
Electron microscopic measurement of fibres greater than 5 pm was used.
Examples of the results (19) are as follows: average level of less than 0.00015
f/ml in a village with considerable asbestos products usage; a maximum value
of 0.0004 f/ml was reported in an area of heavily weathered corrugated asbestos
sheets; at a crossroads in a large city, concentrations were in the range 0.00026
to 0.0004 f/ml: in areas of democlition of asbestos-cement claddings up to
0.00096 f/m! occurred near to sources, fzlling to 0.0001 f/m! at 100 m. away:
near an asbestos waste dump up to 0.00045 f/ml was recorded (19). It has been
reported (19) that the air in certain towns might contain around 0.0046 f/ml,
near areas of mining 0.0024 f/ml, near asbestcs cement-plants 0.0005 f/ml, near
natural asbestos deposits 0.0005 f/ml and in rural areas less than 0.0001 f/ml.
On average the results (for fibres longer then 5 pm and narrower than 3 pm)
were considered to be below 0.001 f/mi {19). '

In some towns in South Africa, asbestos levels ranged from less than 0.0001
to 0.0002 f/mi (31); scanning electron microscopy measuring the fibres more
than 5 pm long was used.

In a very recent review (3), the mecizn cutdoor concentration eof asbestos
fibres for general population exposure is suggested to be in the range 0.00002 to
0.0005 f/m! (values were mesasured as mass concentrations and converted to
number concentrations equivalent to optical microscopy measurements). (9, 82,
87, 90-92). Another review (6) suggests an average concentration of 0.00003
f/ml to about 0.0006 f/mi for city air. Some higher values even over 1 f/ml
have been reported (33, 34) but these were associated with places near asbestos
mills and mines in the past; apart from the fzct that the measurement methods
are not properly documented, the results are not considered to be in any way
representative of long-term exposures. More recently near a hoestel in an
asbestos mining area of South Africa, levels of 0.003 to 0.01 f/ml (8 hour
camples) were recorded (31). In a retent review of the general population in the
U.S.A. (65), an average concentration of 0.00006 f/ml was suggested.

In a2 very recent and very comprehensive review (9), an expert committee
considered that a reasonable long-term outdoor median concentration of asbestos
was in the range 0.00002 to 0.00075 f/ml; an overall median of approximately
0.00007 f/mi was quotfed for fibres greater than 5 pm in length as if measured
by optical microscopy.

in some Canadian studies {6); the gquoted median values for fibres greater
than 5 pm long ranged from less than 0.0304 i/m] {rural situations) to less than
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0.001 t/ml ror a city. These ure not dissimilar to the zbove when divided by
a factor ot 10 (a factor suggested by the investigaters (6) to obtain the
equivalent concentration in terms of optical microscopic measurements).

Typical long-term outdoor average concentrations (representative of
perhaps many years of exposure) could be in the range of approximately 0.0001
f/ml to 0.001 f/ml. A typical very long-term value of perhaps around 0.0005
f/m! for outdoor air could be realistic for the genera! population; in countries
or situations where relatively little asbestos has been used the typical level
could be lower. In some cases a levei of 0.001 f/ml or perhaps more may apply.
(These figures refer to concentrations of fibres greater than 5 pm long and in
the equivalent units to those as if measured by optical microscopy).

3.2. Indoor concentrations of asbestos .

In @ number of circumstances because of internal sources of mineral fibres,
the levels might be higher in indoor air compared with outside. This is not
always so however because a number of fibres, particularly the larger ones in
outside air, can be trapped in window and door crevices as the air flows into a
building; also a number of air conditioning systems will filter out many particles
including mineral fibres from the source of air entering 2 building.

3.2.(a) Indoor mass concentrations of asbestos
expressed as pg/m> air

Mass concentration measurements have been reported elsewhere in various
units but for reasons of consistency and convenience, all values here are
expressec¢ as the one unit, pg/rn3 air {(published values hzve been recalculated
where necessary). As mentioned earlier less emphasis is given here to mass
concentration results, since those expressed in numbers of fibres in = given
volume of air are recognized to be the most zppropriete 2s an index of exposure
which defines possible health effects. o

Higher asbestos fibre concentrations for inside air compared with outside
air have been observed in Paris (69). An average concentration of 0.002 }.vg/m3
was found inside buildings (e.g. schools and offices) with & maximum single value
of 5.012 pg/m? (6, 87). In buildings which had been insulated by spraying
asbestos, the maximim range of average concentrations of asbestos in 21
buildings was in the range 0.001 to C].C)?f.'l'pk;/m3 with a maximum single value
of 0.75 pg/m> (8). Further studies carried out more recently by the same
laboratories (68), indicated average results roughly within the ssme range as
beiore. In comparable studies carried out in the U.S.A. (6), 83% of a total of
23 air samples showed values below 0.020 pg/m>; 96% were below 0.050 pg/m3
with a meximum single measurement of 0.087 pg/m”. Of a further 28 samples
(6, 93), 93% contaired less than 0.020 pg/m~?; the maximum single measurement
was 0.18 pg/m3. In contrast in buildings where dry spraying of asbestos rather
hian wet spraying (see section 1.1.3.(e)) had been used (€, 93), the concentrations
were higher; i.e. of 53 samples, 53% contained less than 0.020 pg/rn3 with a
single maximum reading of 0.83 pg/m> (in an isolated generator room). Also in
the U.S.A. average concentrations of 0.079 pg/m> ‘were recorded in some
buildings containing sprayed asbestos surfaces (6, 95 2 maximum of 0.64 pg/m3
wgs recorged. In another study carried out in the U.S.A., concentrations in
schools were reported to, be 0.005 to 0.040 }Jg/rn3 (67). In a recent review of
some_past measurements, average concentrations of between 0.050 to 0.25
pg/m> were claimed for various buildings including schools (76). These particular
results seem to be quite out of line with results reported elsewhere: the
methods of analysis are not necessarily identical with those used in other studies
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znd for various rezsons it would appear that these particularly high results are
rot representative of the gereral picture. In a recent study carried out in
Canada (35), it was concluged that in buildings containing sprayed asbestos
insulation, the concentrations inside buildings were not statisticelly significantly
different from the general cutside air. Inside various buildings, including schools
in the U.K., where zshestos-containing construction materials had been used,
concentrations did nct exce=sc 0.01 ;.:g/rﬂ3 asbestos (71); the mezin method of
analysis used in the study weas scanning electron microsccpy. A few samples
analysed by trensmission electron microscopy suggested that the concentrations
may not have exceeded 0.001 pg/m3 (71).

3.2.(b) Indoor number concentrations of asbestos
expressed as fibres/ml air .

Some published vslues hzve been reported as f/i, f/m>, f/cc (or f/mi); for
consistency and convenience the one unit of f/ml air is used here (values have
been recalculated where necessary).

In a study of =airborne asbestos carried out in buildings in Canada, the
maximum concentration of fibres reported was 0.003 f/ml, although in most
samples in the 19 buildings studied, the concentrations for fibres longer than 5
pm were less then 0.001 f/ml (6, 94). In the more comprehensive of various
studies carried out in the U.S.A., average concentraticns appeared to be
approximately in the range of less than 0.0006 to 0.0024 i/mi {6, 25). A typical
mean vslue seamed to be sbout 0.001 f/ml] (equivalent tc cptical microscopy
measurements) although concentrations in the range less thzn 0.C001 up to 0.006
f/m! were repocrted (6, 93, S4..

in a recent evalustion of various studies the following median values were
cuoted for indeor air (9, 20, 91, §3, 96): 0.00054 f/ml (U.S.A. schoolrooms
withcut asbestos; 31 sampies); 0.00006 f/ml (puilgings with asbestos surfaces
in Paris; 135 samplss); 0.00026 f/ml (U.S.A. buildings with cementitious
asbestos; 2B sampies); 0.00064 f/ml (U.S.A. buildings with friable asbestos; 54
samples); 0.08208 f/m! (U.S.A. schoolrooms with asbestos surfaces; 54 samples);
0.00405 f/mi (U.S.A. schools with damaged asbestos surfaces; 27 samples). A
conversion factor of 30 pg/m> air per 1 f/ml was ussd to convert mass
concentration values to equivalent optical microscopy meeasurements of fibres
greater than 5 pm (3).

In Paris a median level inside buildings was reported to be less than
0.00015 f/m! (6, 87). It hes been concluded that in most buildings with sprayed
zsbestos insulation the exposure to the occupants is less than G.001 f/mi (6), even
in the worst buildings. Ninety-four percent of all measurements seemed to be
less than 0.003 f/ml 6. in the Federal Republic of Germeny, indoor air levels
are as foliows:- sports centres 0.0001 to 0.0011 f/ml; swimming pocls 0.0001
to 0.0012 f/ml; public buildings 0.0001 to 0.0002 f/mil (275). All these values
are equivelent to cptical microscope measurements. In scme recent Canadian
studies, the concenirations of asbestos fibres in indoor eair were considered to be
not statistically significantly different from outside air (61). Some years ago in
a survey of levels of asbestos in various buildings in the U.K., B4% of over 1,100
samples coliected, dig not exceed a concentration of 0.005 {/mi (8); the details
of the sampling end..the eznalysis (optical microscopy was used) were not
provided. and therefore beczuse such a method can over-estimete the levels in
environmentea! air {6), the resuits are of limited value.

Meaintenznce work in buiidings, cleaning, repairing, eic., can provide very
righ although short period exposure conditions, e.g. up to 17.7 {/ml asbestos has
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been reported (76, 9535 these levels are in no way representative of average
exposures however. ‘

In a special study of U.S. schools, where insulation materials (5-20%
asbestos) were being plenned to be replaced by non-asbestos containing
materials, air samples were ccllected and znzlysed by transmission electron
microscopy (67). Asbestos ccrcentrations for 9 samples ranged from 5 to 40
ng/m3 air. This is equal te zpgroximately 0.000Z to 0.001 {/m} (equivalent to
optically measured fibres ‘6:, uging & figure of 30 ng/m> equal to 0.001 f/m} (9).
After replacing the asbestos materials, the airborne concentrations decreased: a
reduction of over 50% up to 90% was observed (67).

In the hearings on health for the Royal Commission related to asbestos for
Ontario, Canada, it was assesssc that ‘except in a‘few extreme situations where
badly damaged friable ssbestes had been ailowed to persist, average exposures
will be less than 0.0002 f/ml, {equivalent to optical microscopy measurements)
and in fzct are likely to be much less.' (75

in underground public trezin systems, fibres can be found in the air (6, 63,
97). Only a smeall fraction of the total respirable fibres were found to be
asbestos in a London tube survey (€3} the remainder of the fibres were other
inorganic or organic fibrous materials. Total fibrous material ranged from 0.02
to 0.32 f/ml; the investigstors suggested an asbestos concentration range of
0.000% to 0.006 f/ml {63}. The levels to which people zre exposed in such
systems are generally for short periods, and it was reported that the human
exposure conditions in relaticn to asbestos were 'completely safe’ (63). In a
study of the Toronto, Cenzde. train subwsay svstem where non-asbestos brake
linings are now used, the levels of asbestos were measured; they did not
however exceed the Ministry of the Environment Air Quality Guideline of 0.04
f/ml (6, 97). Again becauss i the short duration of exposure to the general
public there, any brief expostre to asbestos would seem probably to be of little
consequence.

A few years ago it wes suacested that certain types of hairdryers were 3

possible source of undesireble quantities of asbestos. However extensive studies

(35, 9B} indicatad that the maximum level of exposure was 0.002 i/ml even uncer
very extreme conditions; this exposure levei vshich might exist for very brief
periods only must be considered to be negligible in terms of overall human
exposure to asbestos. It has Deen estimated that if a hairdryer is used for 15
minutes each day then the incremental overall level in a room would be only
0.000037 f/ml for fibres greater than 5 pm long (106).

Another potential source of zirborne asbestos fibres is the use of water
containing elevated levels of estestcs in home humidifiers; however even where
the water was very heavil, centaminated with asbestos fibres, the levels of
asbestos produced in room ai~ were considered tc be negligible (35, 99).

Taking account all the availeble information, it would appear that long-
term overall indoor concentraticns {(representative of rhany years exposure) could
De in the range of approximztely 0.0002 to sround 0.001 f/ml. A typical very
long-term figure of 0.0005 f/ml for overall indoor air has been selected for the
general population expgsure. In countries or situations where relatively little
2cbestos has been used the t:pical level couid be lower. In some cases a value
of 0.001 f/ml or more perhegs could apply. {These figures are representative of
gouivelent optical microscos: ~measurements of fibres over 5 pm long).
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3.3. Concentrations of other mineral fibres in
environmental air

Relatively little is known zbout the concentrations in environmental air of
minera! fibres other than zsbestos. Some studies have indicated (19, 31, 46) that
there are a number of fibrous minerals besides asbestos in air. It has been
suggested that in some cases (e.g. in street air) there can be an order of
magnitude (or more) higher concentrations of non-zsbestos mineral fibres
compared with asbestos itself (19, 46). Very little is known as to the identity
or the size of such fibres. The following mineral fibres are some of those which
have been reported to have been identified or are very likely to be present in
environmental air: erionite (9, 100, 101); attapulgite (6, 9); glass fibre (9, 102);
slag wool, rock wool, ceramic fibres, fibrous carbon, graphite, alumina, boron,
potassium titinate, silicon czrbide, wallastonite, fibrous sepiolite, halloysite, talc
(9 brucite, calcium sulphate, alumino silicate fibres, (19). Some of these fibres
if present will occur at rather low concentrations. Other than glass fibres,
practically nothing seems to have been published on results of investigations of
levels of specific mineral fibres in environmental air; a figure of 0.002 f/ml for
slass fibre has been reported (9, 102) but it is totally unknown how
representative this is for environmental air. In some villages in Turkey the total
dust levels have been reported to be about 1 rﬁg/m3 air and most samples
indicated that the levels of fibres including erionite were less than 0.01 f/ml
(43). However in various semples taken during cleaning of the caves where some
villagers lived, fibre concentrations of up to 1.38 f/m! were indicated (9, 43).

Recently an informetive study using scanning electron microscopy has
provided levels of total 'respirable’ fibres in environmental air st the same time
as measuring asbestos (31). In asbestos mining areas in Canada and South Africa
near where people were living, total mineral fibre counts (exciuding asbestos
fibres present) ranged from 0.0002 to 0.0022 f/ml (31). In some towns in South
Africa and Germany, tota]l mineral fibre counts (excluding asbestos fibres
present) ranged from 0.0001 to 0.003 f/ml (31). In areas where there were
asbestos factories or in regions where asbestos building products had been used,
concentrations between (.0003 to 0.005 f/ml have been reported for total
mineral fibres, excluding asbestos (31). In areas away from mining activities up
toc over 4C times more non-zstestos mineral fiores were detected in comparison
with asbestos fibres; typically a ratio of 10 to 1 appeared to apply (19, 31).
Thus in @ number of cases the levels of total mineral fibres in environmental air
could readily exceed those for asbestos.alone.

The sizes of environmental fibres have not been reported elsewhere in any
detail. However the sizes of certain non-asbestos mineral fibres commercially
available are given here, since it is likely that at least some of them will exist
in environmental air in approximately the range of dimensions indicated.
Possible sizes of non-asbestos fibres are considered to be as foliows: attapulgite
(B.5-1 pm long, 0.03 pm diameter); erionite (up to 50 pm long, 0.01 to 5 um
diameter); giass (from 1 pm to 15 pm in diameter); mineral wool (1-20 pm in
diameter); ceramic fibre (1-12 pm in diameter); carbon {up to 2-3 pm long, 3-
7 pm in diameter) (7, 9, 100, 103-105).
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&. HUMAN EXPOSURE TO INHALED ASBESTOS AND
OTHER MINERAL FIBRES AND HEALTH IMPLICATIONS

This chapter considers the exposures te¢ inhaled minersl fibres from various
sources, including those arising naturally ard those occurring as a result of
human activities. Firstly, the exposure d.e to inhaling asbestos and other
mineral fibres in occupational situstions is considered. The much lower
exposures to asbestos and other mineral fibres in the general environment is then
discussed in relation to some cf the past hee.v asbestos occupational exposures.
The human health implications of inhziing z:zbestos and other mineral fibres in
occupetional locations in relation to general environmental situations are
evaluated. In this appraisal of the health implications, account is taken of
animal testing data, general toxicological considerations, and data from human
epidemiological studies carried out both at the workplace and in the general
environment. Finally, some estimates of the possible human risk of inhaling
general environmental asbestos are provided; the values for the possible risk are
compared with published data on risks associated with various day-to-day
_hazards including expesure to verious envircomental factors.

4.1. Exposure to inhaled mineral fibres
4.1.1. General considerations

Asbestos and other mineral fibres (whether they are from natural sources
or occur as a result of human activities), including man-made mineral fibres, can
frequently be of such a size that they cen be inhaled (2, 7). The precise
dimensions of inhaled particles whether they are fibrous or not governs whether
they are deposited in the upper respiratory tract (e.g. nose and tracheobronchial
region), the bronchial regions or in the depths of the iung (down to the alveolar
regions), or not inhaled at all {if \ery large) (2, 107). The dimensions of particles
and fibres govern also the clearance from the respiretory tract (2, 9, 108, 109).
In general only very fine fibres can penetratz to the depths of the lung; many
of the extremely fine fibres however are immediately exhaled again (2). Very
large fibres on the other hand, if they are inhaled at all, may simply be trapped
in the human nose or mouth {2). Meny of the common types of mineral fibres
if inhaled, are likely to be trsppec in the bronchial regions (9, 109). Some
absorhed fibres rnay remain in the body fer very long pericds (9). Certain
absorbed fibres may be transloceted to different parts of the body (6, 7, 110).
The sctual dimensions of inhaled fibres in relation to deposition, clearance and
retention in the respiratory tract are discussad in more detail later (see section
4.1.4.).

in addition to exposure via the pulmonary tract, some airborne fibres may
enter the body via the mouth tc become directiy swallowed (83). Also many
fiores deposited mainiy in the tronchial regicns (‘finer' fibres) and the upper
respiratory tract ('coarser’ fibres; will be cleared and become swallowed due to
mucociliary clearance {9, 111, 268). Thesz swallowed fibres will enter the
~ gastrointestinal tract (9, 112). The ingestion of asbestos and other mineral
fibres is discussed in greater detail later {sze section 4.2.2.(b).

Finally, some fibrous materials, e.g. estestcs, can penetrate the human
skin; under certain conditions, ashestos 'werts' in occupaticnal situations have
been produced (1, 6). There appears to be ro firm record of such 'warts' arising
in the general population, i.e. in persons not sccupationally exposed to asbesios.
Also, the expcsure to asbestos by skin peretration would be expected to be
minute by comparison with that arising frcm inhaling and ingesting asbestos;
such 'warts' are considerec to bs of little nszith significance (6, 113).
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It is well known that trere are very marked differences between the
exposure levels to zsbestos (end other mineral fibres) in the occupational
situation compared with the general environmental scene; the differences were
perticulariy marked in the peast, especially in the case of asbestos. . The
exposures in these situations and the means of quantifying them and the
difficulties of doing this precisely, are considered later (see sections 4.1.2. and
4.1.3.). The heelth implications of eccupational and non-occupational exposures
to =zsbestos and to other mineral fibres (the exposures to these have been
generally significantly lower than for asbestos) are reflected in these exposure
differences; however from occupational experience it has been observed that
certain other factors in adcition, such as smoking also affect the risk of
developing lung cancer (6, 9, 114).

4.1.2, Industrial exposure to inhaled mineral fibres

More occupational studies have been carried out where workers have been
exposed to asbestos in comgparison with exposure to other mineral fibres. This
is mainly because asbestos started to be used many years before the extent of
the interest in other mineral fibres began. In the early veears, the contro!
measures for dusts in generzl were rather ineffective, and this often led to high
levels of asbestos dust being crested in the occupational situstion at the time.
In more recent yeears, the controls have improved greatly and conseguently
nowadays the occupational levels of asbestos and non-asbestos fibres are much
lower (6, 7). In some less well developed parts of the worid however, the full
use of the more effective control methods hes yet to be achieved. '

Only in the last 20 yezrs or so has there been some reasonably reliable
monitoring of asbestos and othsr mineral fitres for assessing the exposure of
workers in occupaticnal situations (2, 6, 9). Airborne mineral fibres and
especially asbestos are notoriously difficult to semple and to measure {2, 6, 9).
Various metheds have bezn used in the past using a rarge of sampling and
analytical procedures. Ffor ccmparison purposes, it is particulerly difficult to
convert with any accuracy the past results using the older methods to those
obtainable with the more acceptatle methods used nowadays (6, 8, 9, 44, 45, 48,
49, 50-55, 62).

Workplace atmospheres in the case of asbestos fibres, were first estimated
using various pieces of sampling equipment including a konimeter, a thermal
precipitator and an xmpmger system, where the collected particles were
examined by light microscopy 2, 9, 62). Often all visible particles were counted
whether they were definitely fibrous or not and the results expressed as numbers
of fibres in a given vclume of zir. The methods were subject to a number of
errors (B, 9, 62). In the early 1960's, @ membrane filter sampling technique
became available {9, 51, 6Z). The membrane filter was examined by phase-
contrast light microscopy and visible fibres were counted with an aspect ratio
of 3:1 (length to diameter), (2, 44). Since the introduction of the membrane
filter method, various publications have appeared on certain refinements of both
the sampling and analysis of fibres (6, 8, 9, 44-46, 48, 49, 50-55, 59, 62, 85).
Reviews of various methods and refinements have been published recently (6 9,
44, 62). Some earlier methods provided a mass concentration of mineral fxbres
ir air; nowadays however, results expressed in number terms are considered to

be more relevant for cefmmg human exposure in relaticn to any heelth effects
(2, 7.

Currently the numbter of fibres greater than 5 pm long counted on
membrane filters by phzse-contrast light microscopy, is used as & reiative index
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of workplece exposure; fibres down to 0.25 pm diameter can be detected by
light microscopy (4&, &6, €2). Standardized methodology recommended for
epidemiology and control purposes has been published (44, 62) and is now
becoming widely used. Fibres shorter than 5 pm and narrower than 0.25 pm will
also be present in workplace stmospheres but these smaller fibres can normally
only be detected by electron micrescope methods. However their routine
measurement is not regarded to be necessary. This is justified since (a) many
very narrows fibres are less likely to be trapped in the lung compared with larger
ones (2); (b) relatively few fibres iess than 0.25 pm diameter (and longer than
5 pm) seem to exist in workplace atmospheres (275); (c) the most biologically
active mineral fibres'zppear to be the longer ones (2, 7, 9, 145) and are generally
detectable by optical microscopy. Thus although very small fibres are not
recorded by routine optical microscopy, the fibre count using this method is still
relevant as a meaningful relative index of possible health risk in different
occupational situations.

Because of the perticular difficulties of accurately comparing past
measurements of mineral fibres (especially for asbestos fibres) with those
obtained with modern methods, certain investigators have made estimates of
past exposures using various approaches (8, 9, 65, 106, 116). For the purposes
of making estimates of health-risk (see section 4.3.) related to the inhalation of
asbestos and other mineral fibres, approximations of concentrations of fibre
levels for past occupational situations can be utilized. Taking account of various
reports, (6, 9, 19, 75, 116-118; it appears likely that certain workplace
atmospheres in the past were commonly averaging several hundreds of fibres per
ml; maybe in some cases they were even over one thousand fibres per ml (118,
119). aximum concentrztions of even several thousands of fibres per m} have
been quotec (19, 75, 119 but these conditicns are unlikely to have persisted for
long periogs. The asbestes exposure varied widely depending on the industrial
process.  Textile production, removal and spraying of asbestos (insulation
processes) particularly, seemed often in the past to have been associated with
very dusty operations; asbestos-cement production, friction preduct manu-
facture snd ceriain constructional work however were associated with much
lower exposure levels (19, 20). These exposure levels have usually been reflected
by the inciderce of disease fourd in asbestos workers (19), although the type of
fibre used is important too (2, 9). Orne difficulty with assessing exposure to
mineral fibres is the problem of very localized pockets of fibres (due to the
intrinsic nature of any rather dusty material) associated with certain industrial
operations. For this reason. assumptions of the critical occupational exposures
may often have been underestimated (62), and this is likely to be the case in a
nurmber of studies where the health effects of exposed workers have been studied
in the past. In fact little work (except very recently) has been carried out on
measuring the individual worker exposure. and this is quite essential for a proper
assessment of actual exposure levels (8, 62). 1t is very likely that those workers
who were the most heavily exposed in the past (in many cases to unmeasured
pockets of extremely high levels of asbestos fibres), are the ones who would have
a greater probability of contracting a disezse. Thus one might anticipate that
the more significant exposures in the past were perhaps at levels of many
hundreds of asbestos fibres per ml as an average long-term airborne concen-
tration for the workolace environment. Taking account of various factors and
published reports on the subject (8, 62, 75, 116), very long period occupational
exposures of often fifty up to several hundreds of asbestgs fibres per ml air may
well have existed in some occupations in the past. It is interesting to reflect
on the verv dusty conditions of the past where eye witness accounts (75, 118)
woulg indicate that the conditions were often so bad that the workplace
visibility wzs seriously restricted in 3 number of asbestos industries. The
suggested velues abonve for the levels of exposure in the hundreds of fibres per
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mi would be compeztible with such observations. Now with our knowledge of the
diseases associated with very high levels of asbestos exposure (6, 8, 9), control
measures have been introduced which have dramatically reduced the workplace
airborne concentrations.

In order to compare occupational asbestos exposures with those reported
for the general environment, it is necessary to take account of the differences
in the exposure times. For example, an industrial worker may spend say 40
hours a week working for up to say 48 weeks per year; the general public of
course will inhale the general air continuously for their lifetime. In some studies
this exposure difference has been accounted for when comparing exposures; for
example the National Research Council Committee in 1984 (9), used a factor of
4.56 for such comparison purposes. Also, industrial workers will often inhale at
a significantly higher rate than the general population. This increased difference
in volume of air inhaled will affect the relative exposure doses of these two
groups; however it is very difficult to quantify this directly. In addition,
humans whilst working have a concomitant increase in depth of respiration

leading to increasing deposition in the deep lung (121); =again this is difficult to
gquantify.

As has been mentioned earlier, the exposure to non-asbestos mineral fibres
in industrial situations has on average been much lower than that for asbestos.
Average levels of up to 2 f/ml have been recorded and occasionally levels up to
56 f/ml have been noted {7, 122). The higher exposure situations seem to be
associated with ultra-fine fibres (7). Typical long-term average levels would
seem to be well below 1 f/ml &t the workplace (7).

4.1.3. Exposure to inhaled mineral fibres in the genéral
environment (non-occupational)

This section relates primerily to the exposure tc asbestos fibres, since
przctically nothing is known about the levels of exposure to non-asbestos mineral
fibres in environmental air.

As indicated in section 3, there is a very wide range of reported
concentrations of asbestos fibres in air. The concentrations may be somewhat
higher in indoor air compared with those outside. Only concentrations expressed
in number terms (i.e. f/ml} are considered here for the purposes of defining
exposure; mass concentrations are.not considered to represent very meaningful
exposures in terms of health effects (35). Fibres longer than 5 pm, and of larger
diameter than 0.25 pm and up to 3 pm detectable by optical microscopy are
considered to_be z relevant relative index of health risk (see earlier); the results
given here relate to such fibres. The concentrations are expressed as equivalent
to those ac if measured by phase-contrast optical microscopy even though they
have almost exclusively been measured by electron microscopy. In Chapter 3
relatively litile interest was taken of reported concentrations in air which were
‘not ‘representative of human exposure or where the sampling times were too
short to be relevant to the longer term human exposure. In most cases the
oredominant exposure is to chrysotile asbestes, since this is the commonest type
used (275) it is considered that only in. rare situations would long-term
environmental exposures relate to significant proportions of crocidolite and/or
amosite. The asbestos .concentrations given in this Report as f/ml air refer to
total asbestos exposure unless otherwise specified.

For outdoor air, typica! long-term average concentrations of asbestos

{representative of perhaps many years of exposure) are considered {see Chapter
3) to be ir the range approximately 0.0001 f/ml to pernaps 0.001 f/ml. A typical
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very leng-term vaiue of pzrheps around 0.6305 f/ml was considered realistic for

the gereral populzation inhaling asbestos in outdoor air. A value of 0.001 f/ml
or perhaps higher may gppiv in some cases.

For indoor air, typice! long—term average concentrations of asbestos
(representative of perhzps mzn; years of exposure) are considered (see Chapter
3) to be in the range spproximately 0.0002 to around 0.001 f/ml. A typical very
lorg-term valuve of perhaps zround 0.0005 {/ml for overall indoor air could be
realistic for the generel population. A velue of 0.001 f/m! or perhaps higher
might spply in some cases.

In assessing the Televence of indoor exposures to asbestos and other
mineral fibres in relation to overall exposure, it is necessary to consider what
proportion of the time we cpend indoors. In most cases we seem to spend more
of our time inside a building rather than outside, the major portion of which is
generally in our homes. Although few of the indoor asbestos sampling
programmes described in the literature were specially directed towards exami-
ning the home environment, in certain cases the levels in the home may be taken
to be representstive of concentretions reported for the inside of selected
buildings. In a3 very recert and very comprehensive examination of environ-
menta! asbestos (9), the indoccr environmental level of asbestos was considered
to be expressed by a median velue of 0.00054 f/ml (for rooms without asbestos)
and 0.0006 f/ml (for rooms with asbestos). These values are close to the typical
long-term indoor exposure ficure of 0.0005 f/ml suggested here in this Report.
The U.S. National Reseerch Council Committee who defined the median values
above (9), suogested that a reasonzble estimazte for an overall (indoor plus
outdoor) median population veive was 0.0004 f/ml. The Committee based this
on spending one quarter of our time out cf doors, five-eighths of our time in
'non-asbestos’ rooms and one-egighth in 'asbestos' rooms; the median value of
0.0004 f/ml wes celculated by weighting -the figures above according to the
fractions provided znd using their defined median value of 0.00007 f/ml for
outdoor &ir (9).

Of particular interest however is the situation regarding levels of exposure
in certzin schools, e.q. in those where there could be friable asbestos. This is
vecause chiluren may spend say 10 or more years inside these school buildings
(67 elso teachers may perhaps spend 30 or more years where they could be
exposed to elevated levels of asbestos. In some schools. in the U.S.A. in
particular, the airborne leveis of asbestos have been measured {(see Chapter 3).
The school results have been recently evaluated (9) and the median values are
as follows: 0.0005%4 f/ml (no asbestos); 0.00208 f/m! (asbestos present); 0.00405

f/m! (damaged asbestos surfaces). In other comparable buildings where asbestos.

wzs present, the median levels were in the range 0.00006 to 0.0C064 f/ml.
Although there have not been very extensive studies of asbestos levels in
schools, the available relisble results suggest that the median values could lie in
the range 0.0001 to 0.0040 i/ml. This could be compatible with long-term
average exposures covering vears, of perhaps 0.001 {/m! or even perhaps of 0.002
f/ml {zll velues zre expressed as ecuivalent to optical microscopy measure-
ments). Account is taken later (see section &4.3.) of these exposures in relation
to the possible additional risk for asbestos exposure to children and teachers.

In this Report a typica! overall iong-term level for asbestos exposure is
suggested to be 0.C0C5 f/ml. It is compatible with the median value of 0.0004
f/m| suggested by the U.S. National Research Council Committee (9) for
populations exposure. Ageir these levels zre expressed as the equivalent for
opticz! nucroscope measuremente for fibres longer than 5 pm. A typical value
of 0.000% {/ml is suggested for countries where there has been extensive use
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of asbestos; in other countries the level could be lower. In some cases a value
of 0.001 f/ml or perhaps higher, may apply.

No formal measurements of time trends of outdoor or indoor measurements
of asbestos in air have been made. However for outdoor measurements there
vould seem to be a tendency for some somewhat higher results to have been
reported in the early 1970's {9) in contrast with the seemingly lower resuits for
the last few years; these findings are not incompatible perhaps with some
decline in environmental levels of asbestos fibres in air due to improved control
measures for asbestos. Another reason for anticipating lower levels of asbestos
nowadays is that general levels of air pollution have declined in many cities of
the world due to the control of dark smoke emissions. The control of smoke
levels has allowed more sunlight to enter leading to better dispersion of air
ccntaminants generally.  Although one study is not representstive of general
time trends, measurements made in the vicinity of asbestos mines in South
Africa (residential areas and schools) show a significant decline during the last
20 years (123); these results ere not inconsistent with various improvements in
industrial control measures mzde over the years which is supported too by eye
witness accounts in verious situations.

Very little information is available on levels of non-asbestos fibres in the
gereral environment and it is impossible at this point in time to give any
representative information on general population exposure; isolated levels for
glass fibres in air at 0.002 f/ml, and for erionite fibres at 0.01 f/ml, and up to
1.38 f/ml (inside caves being cleaned where some villagers lived) have been
reported (see Chapter 3 for more details). In some situztions it has been
reported that the level of non-asbestos fibres in environmental air might
typically be about 10 times that for asbestos (19, 31). Thus probably in:a number
of cases the levels of totel mineral fibres in environmental air couid exceed
those for asbestos alone. The precise identity of the various individual fibres is
not known, although aluminium silicate and calcium sulphate have been reported
(19). In the absence of eny better available information, it is probable that the
concentrations of a number of specific non-asbestos fibres in air are within an
order of magnitude of the levels reported for asbestos in environmental air.

4.1.4. Lung deposition, clearance and retention following
the inhalation ov mineral fibres

Many of the experimental studies on this subject have been carried out
using asbestos fibres but the general principles given below apply broadly to ali
mineral fibres.

Although fibres covering a fairly wide range of sizes are capable of being
inhzled in occupational situations, the geometry of the lower respiratory tract
1s such that only particles of azerodynamic eguivalent diameter less than about
3 pm (2, 6, 9), can normazlly penetrate to the lower pulmonary regions (9, 108).
The f{ibre diameter is the most critical parameter, although general shape,
including length also governs respirability (9, 109, 124-26). Because fibres can
travel longitudinally in an airstream, their length can be considerably greater
than their diameter and it would not be uncommon to find particies perhaps 25-
40 pm long entering the alveloar regions. Most fibres entering the lung are less
than 50 pm (6) but fibres longer than 100-200 pm are unlikely to reach the
terminal air spaces (6, 9). As far as fibre diameter is concerned, this critically
governs deposition. Very narrow short fibres are less likely to be trapped in the
lung due to the fact that some can be exhaled virtually immediately {2). Certain
types of fibres, e.g. narrow chrysotile asbsstos by compariscn with amphibole
asbestos, are rather flexible and their 'curly’ nature means that some of the

146

37



longer ones may not reach the lowest regions of the respiratory tract (268),
although they may be effectively trapped in the larger bronchioles (9, 127).

The rate of deposition of fibres higher up the respiratory tract (bronchial
regions and above) is greater than in the alveolar regions because the larger
fibres can be impacted onto various surfaces (2, 108). In these higher regions,
several mechanisms are involved in the clearing of fibres from the site of
deposition, i.e. mucociliary clearance, translocation of alveolar macrophages
containing small fibres (9, 108, 128) and uptake by epithelial cells lining the
airways (9, 108, 129). Mucociliary clearance is an effective and fairly rapid
means of removing fibres from the bronchiolar regions (6); the fibres become
transported up the respiratory tract and many of them are ultimately swallowed
(the ingestion of mineral fibres is discussed in section 4.2.2.(b) of this Report).
Sorme fibres may be expectorated (6, 108). Muccciliary clearance is impaired by
smoking (9, 108, 130, 233). Also overloading at very high dust load
concentrations may overwhelm the defence mechanisms which in turn affects
lung ciearance (6, 131). The analysis of lung tissue in post mortem samples has
been used as some indication of the possible asbestos fibre exposure to asbestos
werkers and to members of the general population (9, 132, 133). Several orders
of magnitude higher asbestes levels were detected in some heavily exposed
workers compared with lightly exposed workers and 'non-exposed' groups (132,
133). The quantities of fibres found in lung tissue are not necessarily wholly
suitable in terms of an index of exposure however; this is because the rates of
deposition and absorption of inhaled asbestos vary. For example chrysctile
asbestos is much more quickly removed from the body than the more stable
amphibole forms of asbestos (6, 9, 134-37); also fibre size is of critical
importance in terms of deposition (see above). Glass fibres seem to be
particularly readily dissolved by body fluids {7, 138) and the examination of lung
tissue for the presence of these fibres may be a very poor indication of such
exposure. In contrast, rock and slag wool fibres are more durable (7). Various -
types of mineral fibres have been detected in lung tissue {9, 139).

Deposited fibres less than about 5-10 pm long may often be engulfed by a
single macrophage and thereafter become trenslocated (6, 9, 108, 140-43). Some
of the fibres which become translocated may ultimately be eliminated by
mucoziliary clzarance mechasnisms; others pass ‘o the lymphatic system and
descend to the lower regions of the lung (6). Longer fibres (20-25 pm or longer)
are incompletely engulfed by one macrophage, although several macrophages
may act together to inactivate the fibre (143, 144). From the results of
occupational studies and some animal tests, it seems that the most biologically
active mineral fibres tend to be the longer ones (2, 7, 145); see also sections
£.2.1.{a) and 4.2.1.(b).

4.2, Effects of inhaling mineral fibres

The detezils of the complex mechanisms causing various biological effects
due to retained fibres in the animal and human body are not discussed here in
this Report; they have however been reviewed fully elsewhere (6, 9, 146).
Nevertheless the actual human health effects, taking account of appropriate
animal cata are discussed here; where relevant, an outline of the mechanisms
of dissase occurrence in humans is referred to e.g. the current theories of
cancer being caused by mineral fibres. Reviews have been published of the
findings of in-vitro studies expleining their use in interpreting aspects of some
biological mechanisms in relaticn to minera: fibre exposure (9, 146).

This section examines first the results of animal experimentation and then
the human epidemiociogical evidence later on. A comparison is made between
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the effects of inhaling asbestos and inhaling other mineral fibres. The heaith
aspects of inhaling mineral fibres in the occupational environment is evaluated
and contrasted with the evidence of possibie implications for general environ-
mental exposure.

4.2.1. Animal studies

A very considerable amount of work has been carried out on animals
exposed to asbestos; by comparison, 2 limited amount of testing data is
availzble on various other mineral fibres. The salient features of the results of
tests involving implantation (injection), inhalation and ingestion of fibres in
animals are described in this section; depending on the route of administration,
fibrosis (asbestosis), lung and other tumours including mesotheliomas, have been
observed (7, 9, 139).

Although general animal testing of mineral fibres has formed an important
part of the evaluation and significance of possible effects related to human
exposure, it is recognized that certain of the animal experiments are only of
imited value when the results are extrapolated to humans (139).  Animal
experiments are nevertheless most valuable as a qualitative (at best a semi-
cuantitative) incication of the potential human health effects in relation to
minerzl fibre exposure (6). A number of animal tests have been carried out with
extremely high doses in order to try to demonstrate any effects. If in such tests
no effects are detected, then it can in some cases be acceptable to regard the
result as providing some possible reassurance as far as humans are concerned
where their exposures are at lower equivalent doses. The general limitations of
anime! testing have been reviewed (273); also the limitations specificelly in the
case of tests with asbestos have been reported (6). In the overall evaluation of
the health implications of inhaling asbestos and other mineral fibres presented
in this Report, the results of animal experiments have beer only a part of the
process of drawing general conclusions as far as human exposure is concerned.
Other data including human epidemiology, additional toxicological data and
information on risk assessment have also been used (see later sections 4.2.2. and
4.3.3.

4.2.1.(a) Animal implantation tests

Various studies have been carried out where mineral fibres have been
implanted into the animal species (79, 120, 148-503 such tests however are
artificial in the sense ti°at the actual routes of exposure e.g. via inhalation or
ingestion are excluded. Nevertheless the studies have been useful in demon-
strating certain biological mechanisms involving various effects, including the
development of cancer. In this Repert, the results of implantation tests have
been taken into account when evaluating possible overall effects of inhaling or
ingesting rnineral fibres.

In"relation to the development of mesothelioma in animals, asbestos fibres
longer than 8 pm and less or equal to 0.25 pm seem to be the most carcinogenic
(2, 151-2), i.e. long thin fibres. However, there is not a sharp cut off in
dimencions (145) and indeed some reports refer to fibres less than 1.5 ym as the
more carcinogenic (B). Various non-asbestos mineral fibres have been reported
to be carcinogenic; these include: glass, basalt, rock wool, slag wool, aluminium
silicete, ceramic, attapulgite, dawsonite, silicon carbide, potassium titinate, and
erionite (7, 9, 10, 145, 146). For a number of these fibres the maximum
carcinogenic potential has been renorted to occur when the fibres are long and
thin, i.e. 20 pm long and less than 0.25 pm diameter (7. 145). The fibrous
mineral erionite is particularly carcinogenic as demonstrated by intraperitoneal
injection, and gives rise to mesothelioma (146, 153, 159).
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4.2.1.(b) Animal inhalation experiments

These experiments have beer carried out to investigate particular known
effects or effects considered pcssible in human beings exposed occupationally to
inhaled mineral fibres. The tests were generally associated with evaluating the

following diseases:- asbestosis (fibrosis); lung cancer; mesothelioma, as well
as some other possible cancers.

(i) Fibrosis due to the inhalation of mineral fibres

Using asbestos (both amphibole and chrysotile forms have been tested),
fibrosis (an irreversible’ disease associated with the deposition of excess fibrous
tissue) has been observed in some animal species when the fibre was inhaled (6,
9, 120). In humans this is the occupational disease known as asbestosis. With
inhaled glass fibre however, minimal fibrosis wes reported where fibres of
similar dimensions to asbestos were used (§). Compared with shorter fibres,
greater fibrogenic potential was observed with longer ones (i.e. greater than 10
pm) both for asbestos and for glass (6); this was demonstrated in both inhalation
and injection studies (6). In contrast, inhaled alumina fibres seemed not to cause
fibrosis (6, 154), although erionite, pigmentary potassium titinate (PKT) and
potassium octatitinate (Fybex) fibres did cause some fibrosis (9, 105, 155).

It is possible that the fibrosis may be due to mineral fibre involvement
with macrophages or the disruption of lung fibroblasts following fibre deposition,
leading to acute infiammation (9, 156) in the terminal bronchioles and alveolar
ducts (6, 9, 108).

(ii) Cancer of the lung due to the inhalation of mineral fibres

This is one of the most significant properties of certain mineral fibres and
it has now been fizmly established in numercus experiments that a range of
different types of inhaled asbestos is associated with primary cancer of the lung
in different animal species (9, 121). In the lung, both in the bronchial and
alveolar regions, maglignant and other tumours may arise involving the cells in
the epithelial layers. In scme of the earlier experiments using asbestos fibres
where certsin tests were at the development stage, negative results were
obtained (9, 148). Various technigues and the experimental design have improved
with time and there are now many exampies of lung cancer being demonstrated
in animzl species following the inhalation of asbestos. Where the appropriate
animal is selected, certain other inhaled mineral fibres (e.g. glass, ceramic, rock
wool and potassium octatitinste fibres) hzve also been shown to cause lung
cancer (9, 148). However, it would appear that these non-asbestos fibres are
generally less carcinogenic than asbestos fibres (9, 148); nevertheless erionite
seems to be a particularly potent carcinogen (146, 153). Various experiments
suggest that most, if not all appropriately sized mineral fibres are probably, in
principle, capable of causing malignancy (120); their precise size, shape and
hence their lung penetration and individual reactivity (durability) will govern
their exact biological properties (120).  Although as a result of animal
experiments chrysotile asbestos was thought at one time to be more carcinogenic
than amphibole asbestos {148, 157} taking account of all the most recent animal
studies, the distinction between their pathogenic properties has become less
clear (6, 120). A number of theories exist to try to account for the precise
carcinogenic properties. of various minerals, especially in relation to fibre
lengths and fibre diameters (148). In contrast with some of the animal
experiments, human epidemiological studies szem to suggest that exposure to
chrysotile is more likely to be less important in terms cf lung cancer than the
amphibole forms (120} (see zlsc section 4.2.2.(a)). 1f this is really so it could
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perhaps be partly explained in terms of the less dusty nature of chrysotile
’leading to lower exposures at the workplace), in comparison with some
amphibole forms, particularly crocidolite {2, 20).

In the case of bronchiogenic cancer the precise fibre dimensinrs in relation
to carcinogenic potential sre not directly definable; implantation tests with
various mineral fibres suggests however that fibres greater than 8 pm and less
than 0.25 pm are the most carcinogenic for mesothelioma development (2, 151,
152). There are however no sharp demarcations in dimensions in terms of
carcinogenicity and diameters up to 1.5 pm may be implicated (2, 145)% in the
case of non-asbestos mineral fibres the maximum potency would appear to relate
to fibres 20 pm long and less than 0.25 pm in diameter (7).

Just as occurred with asbestos animal testing in some of the earlier
experiments, lung tumours were not found to occur when (selected) mineral
fibres were inhaled (148). For example, glass fibres showed no carcinogenic
effects in rats in early experiments (148, 155). In most recent studies however
(7, 1482, small numbers of pulmonary tumours were found not only with inhaled
glass fibres but with several other fibrous minerals too e.g. slag and rock wool
and ceramic fibres (148). In general the evidence would suggest that asbestos
fibres could be somewhat more pathogenic than some other mineral fibres (9).
However, this may be & function of the precise experiments used for testing, and
variations in fibre dimensions, rather than due to the intrinsic mineralogical
nature of fibres. Glass fibres seem to be especialiy capable of being dissolved
by tissue fluids and this may limit their carcinogenic potential (148). The
pathogenic properties of verious non-asbestos mineral fibres have been recently
and extensively reviewed (7, 9, 148); man-made mineral fibres have also been
eveluated recently (7).

In summary it would eppear that many mineral fibres may be carcinogenic
when inhaled by animals. Some mineral fibres have not been adequately tested
but it is probable that virtuelly all mineral fibres of dimensions similar to the
range exhibited by typical respirable asbestos fibres could be pathogenic to some
extent (120) when inhaled by animals.

(iii) MMesotheliomas arising from the inhalation of mineral fibres

Mesothelial tissue forms the membranes surrounding both the lung and the
abdominal cavity of the body; pleural mesotheliomas and- peritoneal mesothe-
liomas respectively arise when cancer originating in the serosal cells occurs in
these regions (9, 83). Mesotheliomas are very readily produced when certain
mineral fibres including asbestos are implanted or injected into the pleural or
peritonea! tissue regions (9, 121). Although following inhelation of chrysotile,
amosite and crocidolite, mesotheliomas are produced in animals, they are more
readily produced by implantation or injecticn; this could be because when
respired, various clearance mechanisms will be operative in the lung, reducing
the number of pathogenic fibres. There is conflicting evidence as to whether
mesothelial tumour response is dose related or not (9, 151, 161-63); it would
however be most surprising if some form of dose-response relationship did not
exist but it may not be a simple connection (164-66). Various implanted fibres
(both longer than 10 pm and some shorter ones), produce mesotheliomas,
although non-fibrous particles do not generally cause tumours (9, 146, 153). All
forms of asbestos including several natural mineral fibres (e.c. erionite) and
some men-made mineral fibres produce mesotheliomas when implanted (9, 121,
159, 234) {see section 4.2.1.0s)}. Although in human epidemiological studies of
industriel workers (108, 250}, amphibole forms of asbestos appear to be more
pathcgenic than chrysotile, in animal tests this difference is not apparent (&, 9).
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The precise mechanisms of mesothelioma response are uncertain (9, 146) but
mesothelioma may occur as a result of a foreign body reaction. Such a reaction
has occurred with metal and plastic films where they have been implanted into
animals; it is known as the '‘Oppenheimer effect' (146, 167). Although long thin
fibres seem to be more carcinogenic in animals in relation to mesothelioma
development ‘146), at present the situation regarding the precise particle size
for brochiogenic carcinoma is less clear (146). For mesotheliomas, fairly precise
data are however available for both asbestos and other mineral fibres (9). In
experiments carried out using a variety of different sizes and types of asbestos
fibre (146, 162, 168-71) the most carcinogenic fibres were longer than 8 pm and
less than or equal to 0:25 pm diameter (2, 151-52). For non-asbestos mineral
fibres the maximum carcinogenic potential seemed to relate to fibres 20 pm long
and less than 0.25 pm diameter (7). There are hdwever no sharp dividing lines
for the dimensions of carcinogenic and non-carcinogenic fibres (2); fibres even
grester than 20 pm will have some carcinogenic potential and fibres up to 1.5
m diameter or larger may be implicated (2, 8). There appears to be no
definable lower limit for the diameter of fibres which are carcinogenic (2).

4.2.1.(c) Carcinogenic mechanisms related to the inhalation
of mineral fibres

The precise mechanisms which involve asbestos and other mineral fibres
acting as carcinogens when inhaled (or implanted) are not well understood. In
the case of asbestos and probably other mineral fibres too, it is thought that the
cancer originaies in cells which have been transformed by changes in, or damage
to the DNA, or other genetic material (6, 108, 146). The target cells in the case
of minerz! fibre cancers are the epithelial cells of the brenchial tract and the
serosal cells of the pleura and peritoneum (€. In the case of animal studies
where mineral fibres have been implanted into tissue and tumours produced (7,
S). one could postulale that the mechanism might invclve the fibres acting as
carcinogenic initiators, i.e. the fibres acting as genotoxic carcinogens (146, 172,
173, 255). The same mechanism might also possibly account for mesotheliomas
developed in the pleurs and peritoneum of both humans and animals. In this case
it may be that mineral fibres act as complete carcinogens (146) in the way
implanted plastic and metal films act; i.e. the 'Oppenheimer effect' (146).
However in the case of bronchial cancer, it is well documented that smoking and
asbestos exposure act synergistically, i.e. more than just additively (9, 108, 120,
i74-75) and it is probable that asbestos then acts as a promoter for the
carcinogens present in tobacco smoke (174, 176); i.e. the asbestos acting as an
epigenetic carcinogen {17Z-75). Even so, there are contrary suggestions that it
is the promoting substances in tobacco smoke which might act with carcinogens
like asbestos and other mineral fibres, the latter acting as imitiators (108). It
is iikely that smoking enhances the lung cancer risk of exposure to environ-
mental ambient levels of asbestos (9). It has even been suggested that 'passive’
smoking (i.e. side-stream smoke which non-smokers can inhale) might act in
combination with asbestos exposure (120). Smoking is known to affect the
natural clearance mechanisms in the lung and this increases the residence time
of asbestos there (6, 233).

In support of the promoting hypothesis for mineral fibres, the combination
of achestos and certain potent polycyclic aromatic hydrocarbons (as demon-
sirated in animal testsi, can enhance tumour formation or can cause related
biochemica! changes (6, 173-4, 176-180). These restlts are consistent with
minera! fibres acting as carcinogenic promoters and the polycyclic aromatic
mydrocerbons acting as carcinogenic initiatcre.  Asbestos has the property to
adecrz carcinogenic and other orgenic substances, in part acting as a carrier
{174; and behaving &s & carcincgenic promoter {cocercinogen) in the same way
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»s the miners! hematite reacts in certain animal lests 17%). However, in tly
cure of mesctheliomas caused by mineral fikies, there may be little combined
efiect of extraneous substances like the varicus crganic suabstances (including
carcinogens, present in tobacco smoke; this is Deczuse the laiter will be -
expected to be present only to a very limited extent in the pleura and
peritoneum since the tobacco smoke will reecily condense out in the bronchial
regions of the lung es it is inhaled. Asbestos nevertheless hes very active
curface propzrties end this may ensble it to catalyze certain chemical reactions
in various perts of the body (181). There are suggestions too thet esbestos might

possibly act rot as a local carcinogen, but svstemically vie the immune system
(182).

It is now well recognized that particie dimensions esre very important in
defining the carcinogenic properties of fibres {2, 9. 108, 183-85). In addition,
durability and surface chemical properties may be important too (6, 108, 145,
186).

Suggestions have been made in some media articles that one single fibre
of asbestos is enough to kill {incidentally one fibre is 2 minute quantity
representing 10'169 to perhaps 10'99, see Appencix). Against this, firstly a
number of psople believe in the muilti-stage, multi-hit hypothesis {146, 187) for
a tumour to develop and therefore a criticel iethal hit by one singie small fibre,
although indeed a theoretical possibility, is extremely unlikely {274). Secondly,
practically evervone on the plenet in the course of breesthing will have huge
numbers of minute asbestcs and other minerg! fibres in their lungs (often many
millions), es 2 result of normal environmental exposure {132, 139, 188); thus the
risk from onz additional fibre is evidently insignificent. Hence the hypothesis
of being killed by one single fibre, in view cf the extremely low risk.involved,
cen be considered to be highly improbable. Inceed the statistical improbability
of the one fibre argument has recently been discussed ard reported (188-89,
274). :

Depending ori whether asbestos or other minerz! fibres zct as promoting
agents or carcinogenic initiators (or indeed perhaps both), governs whether the
concept of & low-dose no-effect threshold is realistic or not {(172). In the case
of carcinogenic prcmoters, any effect they may have (particularly at low doses)
could be reversible (172, 175), and hence a threshold hvpothesis has some validity
(175). In the case of carcinogenic initiators the same argument may not apply,
aithough it would seem likely (certainly in the cese of multi-stage, multi-hit
carcinogenic processes) that a very low dcse might not have an effect; thus
again & no-effect threshold may exist (172).

In summary, it is uncertain whether asbesios acts as 2 promoter or
carcinogenic initiator. The probability is that the former is more likeiv but it
is not perhape impossible that both mechanisms appiy in difierent circumstances.
There have been various recent reviews of the carcinogenic mechanisms of
ashestoc. and other mineral fibres (6, 9, 108, 146y these reviews should be
consulted for further details. Further work on the mechanisms of carcino-
genicity by asbestos and other fibrous materials would seem to bs warranted.

4.2.1.(d) Animal ingestion experiments

Becsuss when humans inhale asbestos and other mineral fibres some of the
fiores can be ingested directly through the mouth ang some indirectly following
inhalation {£3), it is relevant to refer here to the results of some animal
ingestion experiments. The animal experiments which have been reported were
primarily for the purpose of determining whether ingested asbestos in drinking
water or food could cause & carcinogenic responss 112;. Despite a2 series of
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studies involving huge numbers of znimals in which raets and hamsters were fed
mszssive doses of various forms of asbestos. essentially no significant carcino-
gerc response has been found which can be aitribuied tc the ingestion of
esbestos fibres (83, 112, 258). It is row becoming generally accepted that the
ingestion of asbestos by the general population is not significantly related to
gastrointestinal or other cancers (83, 112, 254, 258). It is considered that the
risk {if any) to humans ingesting e\en several hundreds of millions of asbestos

fibres per day {as a result of ingesting asbestos in certain drinking waters), is
et most, exceedingly low (83, 112, 260).

The reason for a lack of response when asbestos is ingested is almost
certainly related to the fact that very few, if any, fibres are capable of passing
through the gastrointestinal tract well to cause any effect; also stomach acidity

can chemically degrade certain asbestos fibres rendering them less pathogenic
(83, 112). '

A human might be inhaling several thousends of fibres per day from the
general air, anc a portion of this number could be ingested; however there is
ro reason whnztscever to regard this as in anyway responsible for causing cancer
or other diseases in man. In the case of occupstional exposures, where in the
past many miliions of fibres could be ingested per dezy, the situation regarding
the possibility of gastrointestinal cancer in ashestos workers is equivocal,
although very recent work suggests it to be unlikely (279); this possibility is
discussed later in section 4.2.2.(a).

- Although little is known about the ingestion of non-asbestos fibres in
animals, a lack of effects with ingested asbestos fibres will almost certainly
zppiy to other mineral fibres too.

4.2.1.(e) Summary of animal study findings

It is cleer that asbestes and a number of other mineral fibres including
man-made mineral fibres can provoke a carcinogenic response when they are
implanted or inhaled by animals. Fibrosis, lung cancer and mesotheliomas have
been demonstrated in animals. No carcinogenic response has arisen where
anima.s have ingested asbestes however. Asbestcs is probably more pathogenic
than most other mineral fibres; glass fibre is probably one of the least
pathogenic fibres although erionite (& fibrous zeolite) is a particularly potent
carcinogen. The maximum carcinogenic potential is associated with asbestos
iibres which are longer thar 8 pm and narrower in diameter than 0.25 pm,
although no sharp demarcation in dimensions exists and fibres up to 1.5 pm may
be implicated. For non-asbestos mineral fibres, a length of 20 pm and a
diameter 0.25 pm seems to be associated with the optimum carcinogenic
response. It would appear that ali mineral fibres may be pathogenic if they are
of the appropriate size.

4.2.2. Human studies

The studies on humans exposed to minerzl fibres have been essentially part
ct numercus epidemioicgical surveys carried out on groups of industrially
expcsed workers together with some invastigations related to the general
population. Epidemioclogical surveys are often frszught with difficulties in terms
of insdeguate e>posure data, limited population datz, limited population size,
end precise detaile of the causes cf morbidity and moertality.  Moreover,
nomerous confounding factors exizt in epidemiclogy; for example factors such
zs smoking. Ciglany habits, exposure to different occupational carcinogens, age,

-

¢ox, race, soc:el hsbits, social class. populeticn density, pocpulation mobility,

193

Il
-




etc., can frequently confuse the interpretation of the study results. In essence,
epidemiclogy eattempts to describe the distribution and determinants of disease
frequency in human populations. The eminent Statistician, Sir Austin Bradford
Hill corsidered that the following nine points {190) need to be taken into account
in order to establish whether a certain defined factor is related to the causation
of an identified disease. The points are (i) the strength of the link between
disease and the factor in question, (ii) the consistency of the observation in
relation to other studies, (iii) the specificity of the association, i.e. specific
diseases related to specific persons or groups, (iv) the temporality, i.e. is there

a trend with time linking disease and causative factor, (v} the biological
qradient, i.e. establishing whether there is a dose-effect relationship, Zvi§ the

plausibility, i.e. does the cause-effect relationship seem biologically plausible,
(vii) the coherence, i.e. does the relationship conflict with the natural history
and biology of the disease, (viii) experimental, i.e. can the association be tested
by experiments and (ix) analogy, i.e. establishing whether analagous relationships
have been proven elsewhere. Epidemiclogy can usually be applied to points (i)
to {v) above, but points (vi) to (ix) are important in giving weight to establish
whether there is a definite cause and effect relationship. Some of the important
criteriz for human epidemiology in relation to asbestos exposure have been
evaluatec {6). This preamble to epidemiology is included so that the reader may
understand better the difficulties and limitations of studies where certain
definite effects and some possible effects have been found to be associated with
exposure to asbestos and other mineral fibres.

The human epidemiological studies include (a) occupational exposure
situations and (b) general environmental exposures. In both categories the routes
of exposure involve the inhalation and ingestion of fibres. Occupationaily and
in the general environment, fibres may be ingested either directly (through the
mouth) or indirectly (as cleared lung fibres which are subsequently swallowed).
The inhalation and ingestion of mineral fibres are treated separately in this
Report. : '

4.2.2.(a) Health effects of occupational exposures to
mineral fibres in air

As « result of various occupational studies, only the exposure tc usbestos
fibres has been definitely associated with human diseases (7, 237, 239, 248, 256,
267). There are however some (unproven) suggestions of possible effects
associsted with the inhalation of certain non-asbestos mineral fibres in the
occupational situation (7, 120, 236, 250, 252, 253, 263). Because of the effects
observed, this section is mainly directed towards the exposure to asbestos fibres.

Hezlth effects of inhaling asbestos have usually besn associated with
relenged exposures to very high concentrations of fibres in workplace air.
Associsted with occupational asbestos inhalation are three well defined and
serious disesses; these are (i) asbestosis, (ii) lung cancer (bronchiogenic cancer)
and (iii) mesothelioma (cancer of the pleura and of the peritoneum). It is now
widely accepted that these diseases have been caused by occupational asbestos
exposure; however many heavily exposed workers have not developed these
diseases even zfter 2 lifetime of inhaling asbestos cccupationally. Because there
is generally a very long latency period before asbestos diseases manifest
themselves, workers who began their heavy exposures say even 20-30 years ago
may not succumb to the effects of the asbestos disease until into the next
century ‘238, 264). Apart from asbestosis, both lung cancer and mesothelioma
are not specific to asbestos exposure; thev can both be caused by certain nen-
asbestos occupstional exposures and other environmenta! factors (191).



Irn some asbestos occupationzl studies Lrere are suggestions tnat certain
other cencers (e.g. gastrointestinzl, kidney. ovarian and laringeal) could be
associated with exposure to asbestos {9, 120 " :these czncers heve not been
firmly and definitely established to be due to zsbesios exposure per se (120); see
comments in section 4.2.2.(8), (iv}). Finally, asbestos fibres cen produce pleural
plagques and pleural calcification of the lung (stown by X-rey examination); such
an effect per se is not generally thought to be disabling to en exposed worker
(9). In order that the reader can better understard the verious human diseases
indisputably associated with past very heavy occupational expcsures to asbestos
dust, they are described below (see (i) to (iii}.

(i) Asbestosis. It is believed that this is czused only when workers are
exposed to high concentrations of asbestos dust for prolonged periods (6); below
- & certain threshold of low exposure, clinically defined asbestosis is most unlikely
to develop (6, 268). Both chrysotile and amphiboie forms of asbestos seem to
be implicated in the development of asbestosis in heavily exposed workers (6);
it is unclear whether chrvsotile is more or :ess hazardous than amphibole
asbestns in the development of this disease ‘6.. Asbestesis is a form of
pneumoccniosis, the latter historically causeC by excessive expcsure to mineral
dusts such as coal. Asbestosis is a severely incapacitating disease (108).
Althouch not proven, other mineral fibres if ishaled in high enough con-
centrations for long periods may zlso cause fibresis of the lung in a similar way
to asbestos. There have been many reviews of estestosis in reiation to asbestos
exposure, including several recent ones (6, B, 9.

(ii) Lung cancer. This is also 2 very serious disease and czn be caused by 2
number of factors including smoking, eng is asscciated with occupsztional agents
such as exposure to asbestos, arsenic, beryliium, bischlorémethy! ether; chro-
mium, lonizing radiations, nickei, polycyclic hydrocardons in soots and ters (9,
121, 192-94).  The cancerous growths develop in the epitheliz! cells lining the
sronchizl tubes or the alveoli (9). The malignant lung tumours which develop
often also invade into surrounding body tissues (9). Usualiy ihe latent period for
the development of lung cancer is quite long {6, 120} for heavily exposed
asbestos workers it is generally in excess of 10 years (268). All forms of
asbestos seem to be associated with lung cancer where the occupetional exposure
has Lzen lzrge enough (5, 129} crocidolite and amosite may be more hazardous
than crrysotile asbestes in relation to lung cencer (120). The establishment of
the relationship between occupational lung cancer and asbestos exposure stems
largely from the classical work cerried out in the 19.3% by Sir Richard Doll
{195).

it has been suggested that asbestos bronchial cancers invariebly occur in
lungs which are the seat of fibrosis 1278, Thus it could be ergued that excess
lung cencer might only occur if asbestosic has a2:sc occurred, end in fact this can
be partly supported by some recent studies of low level industriezl exposure to
chrysotile which have shown no excess of lung cencer (268:. Txis is an important
- point if trie, since asbestosis is not considered o be significent at low asbestos
exposures and most unlikely indeed at environmertal leveis (€, 8, 268j. Thus it
could be that asbestos-induced lung cancer occurs only in asbestos workers who
develsp asbestosis (where the exposure has been high enough) end would not arise
in tha general population since they are expcsed only to rery low levels of
asbestos. However at tt)is stage the hypothesis must be regasrded as unproven.

it nzs been shown that industria! heavy ewpcsure to asbestos increases the
risk cf lung cancer due to smoking 1, 6, & 108, 114, 156 however smoking

does nct seem to influence the incidence of mesothelioma in asbestos workers
‘g, 9. 108). For example. the incressed tisk hes been demcnstreted for some
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asbestos insulation workers who had a lung cancer incidence rate of 8 to 9 times
that of non-asbestos workers; if they smoked, the reported risk dramatically
incressed to 92 fold (8, 108, 197). The relative risk in heavily exposed asbestos
workers is said to increase about ten times if they smoke (114).

(iii) Mesothelioma. This is a relatively rare form of cancer which can be
produced by high occupational exposures to asbestos (6, 108). Malignant
mesothelioma of the pleura {the pleura is @ membrane surrounding the lung), and
malignant mesothelioma of the peritoneum (the peritoneum is a membrane which
lines the cavity of the abdomen), have both been associated with occupational
asbestcs dust exposure (198, 199, 241); the latter being normally less frequently
found than the former. - On balance it would appear that crocidolite and.amosite
are probably more hazardous than chrysotile (120, 211) in relation to occupa-
tional exposures to asbestos and the development of mesotheliomas (6). This
human finding however is inconsistent with the results of animal experiments
‘(see section 4.2.1.) (6), but this could perhaps be explained partly by the dustier
nature of crocidolite and possibly amosite, in occupational situations (2, 120).

Mesothelioma is a particularly unfortunate form of cancer in that there is
no known cure for the disease (8, 9, 108). It is somewhat unusual in that the
disease may not develop until as long as 20-53 or even more years (average 38
years (268)) after the commencement of occupational exposure (6, 9, 108).
Peritoneal mesotheliomas can be rather difficult to diagnose and because such
tumours invade vearious tissue structures (6}, including those of the gastro-
intestinal tract (9), confusion with gastrointestinal tumours and other carcinomas
may occur (9, 279).

Unlike lung cancer, there appears to be no enhancement of mesothelioma
development as a result of smoking (1, 9, 108). This could perhaps be explained
by-the fzot that-those specific translocated fibres (deposited initially in the lung)
which zre responsible for mesothelioma development in the pleura and
peritoneum, are then remote from the tobacco tars condensed out in the lung.

At one time it was thought that mesothelioma was exclusively related to
asbestos exposure, but there are now many examples of other factors including
environmen:izi forms of contamination which can also cause mesotheliomas (6,
200, 211); these other factors ere discussed in more detail in section 4.2.2.(b).
One particularly important non-asbestos -situation relates to some villagers in
Turkey exposed to the natural fibrous. mineral erionite;. . mesotheliomas have
been observed in this populstion (9). Although at low levels of occupational
exposure to asbestos mesothelioma may not be observed, there is no firm
evidence tc.prove that low doses of certain fibre types are without any effect.
However, one might anticipate that if a threshold exists then the dose must
represent numerous fibres rather than just a few (see section 4.2.1.(c) and
4.2.2.(bJ.

{(iv) Other possible effects. It is important to consider the possibility of other
diseases that mignt be associated with asbestos exposure. However although
statistical correlations have been observed relating for example gastrointestinal
cancers {oesophageal, stomach, colon and rectal), and laryngeal, kidney and
ovarian czncer to the inbalation of asbestos dust in occupational situations, the
general eviderice for a causal relationship is neither consistent nor firm (6, 9,)
Very recently however it has been concluded that the evidence in relation to
laryngeal cancer is quite strong (279). Recent critical evaluations of over 20
epidemiological studies suggests that the evidence for occupationally inhaled
zsbestos being eble to cause gastrointestinal cancer in humans is rather wesk (9).
A very recent eveluastion of eassociezted gzstrointestinal cancers in asbestos
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workers (279) suggests that ‘there are no grounds for beliewing that gastro-
intestinal cancers in general are peculiarly likeiv to be. chs=d by asbestos
exposure'. The route of exposure may be direct ingestict. whan breathing
through the mouth, or indirect as a result of :n~zled fitres which have been
deposited in the lung being cleared via ciliary mechanisms ar3 then swallowed
(€3). However, the evidence for such directly ingested zsbestos being of any
health significance seems to be very wesak inceed ‘83, 112); <his has also been
confirmed in animal experiments using massive cosas of asbesizs (E3, 112); see
section 4.2.1. Nevertheless since translocaticn of fibres depcsited in the lung
could arise, whereby fibre transportation occurs {pcssibly via the bloodstream) to
various parts of the body (6, 9, 110, 128, 151%. it would rot perhaps seem
impassible for occasional cancers, including perheps gastrointesiinal ones to arise
from occupational exposure to asbestos. One groblem with gastrointestinal
cancers in humans is that they may get recorded &s pleurzl, peritoneal or lung
tumours (9, 279), the latter three being known to ts& caused by inhzling asbestos,
see above. Thus the overall evidence for gastrointestinal cancers arising directly
from the occupational inhalation of asbestos remains unprovern; the probability
of ingested asbestos being involved would nevertheaiess seem to 5e smeall (83, 112,
258, 260).

Non malignant pleural changes, e.g. pleural thickenirg, ‘ormation of
plaques and calcification are also associated with cccupaticnzl zsbestos exposure
(9). the changes are mar .rs of asbestos and cthzsr mineral fibre exposure (6),
although other environmental factors may alsc cause plecrzl changes (215} see
also section 4.2.2.(b). These changes progress slewiv. Few pec:le in whom these
changes occur actually complain of any ill effects (5); however. there- have been
occasional reports of certain individuals becoming incapacitzted (6).

(v} Cecmparison between health implicetions ¢f irhzied z:Destos and non-
ssbestos mineral fibres. So far, effects in humzns heve cnly Sesn described in
relation to asbestos where it is inhaled occupeticnelly.  Although no firm
evidence for effects caused by the occupeiicne! exposure tc other natural
minreral fimres or man-made mineral fibres heve [zen descritzd, an increasing
<mount of data is becoming reported which sugcests thzl therz may possibly be
some undesirable effects (7, 120). For example the numbers of deeths from lung
cancer in some occupational studies are somewhzt higher than expected (7),
al:hOUQh 2t this stage the data ere far from firm to erable de‘inite conclusion:
tc be drawn (7). From the results of anima!l studies, {see szcticn 4.2.1.) one
might ¢=xpect that where mineral fibres are of similar dimensicns tc asbestos
fibres, then if they are inhaled in high enough concentrztiorns for sufiiciently
long periods, similar diseases to those found for asbestos could cerhaps erise (see
alss section 4.2.1.(b)). There are however scme other ciiierences between
certain minera! fibres and asbestos, e.g. asbestos can in situ often more readily
spiit jongitudinally into finer fibres (2, 70 thsn mary other mineral fibres,
esgecially man-made ones; the exact significance of this eoiitiing is unknown in
terms of health implications but fibre dimensions can of coursz change and this
may- mcdify pathogenicity (7). Also in terms of curability some mineral fibres
{e.g. glassj-will mo > readily dissolve in body fluics thar: 2sbestos snd this may
decrease potency (6, 7). The exposures to asbestos in the 2ast in industry were
generally orders of magnitude higher than those for other minerzl fibres, and
this difference in dose could itself account for the lack of demsnsirable effects
with certain non-asbestos fibres. It has to be torne in mind that @ number of
diseases including lung cancer and mesothelioma can have sxtremely long latent
periode before the diseast manifests iteelfs  thus one will need o wall some
vears vet before any possible effects from exposurss to certain non-asbestos
fibres hzve had a chance to show up.




It is not the intention here to evaluate in detail the various occupational
epidemiological studies related to asbestos and other minerel fibre exposures.
These have been descrived and fully evaluated elsewhere (6-9, 279). 1t is very
firmly established in many studies that asbestos has caused serious effects in
humans occupationally exposed in the past. The asbestos textile industry seems
to have been particularly hazardous (6). Asbestos insulation workers seem
generally to be at particular risk in comparison with miners, millers and most
manufacturing workers (6, 9J; asbestos cement and friction products manu-
facture seem to be associated with lower risks (19, 120). However, there are
some exceptions to these general sta'zments made above (6). Fibre type is also
of particular importance (6). The precise levels of exposure related to these
effects are not easy to define (see section 4.1.2); however it is very probable
for reasons given in section 4.1.2. that the published exposure levels (116) as
suggested and used in some health effects studies are underestimates of the
relevent conditions for some exposed workers. The various diseases caused by
_past exposures to inhaled asbestos have been described earlier in this section. In
contrast with asbestos, occupational exposure to other mineral fibres has not
been proved to be associated with serious health effects; further vsiork seems
to be needed however to fully evaluate the situation.

The examination of lung tissue has been used in some case control
epidemiological studies (132, 243). This is not considered as a wholly reliable
means of quantifying exposure to asbestos and other mineral fibres, in that
different forms of fibre will be retained and cleared at different rates over
periods of time (6). Some of the limitations of using the znalysis of fibres in
lung tissue have been reported (6). However, very interesting comparisons
between those fibres found in asbestos workers and the general 'unexpesed'
population can be made (276).

(vi) “Surirnary of heglth effects of occupational exposures to inhaled  -mineral
fibres. Vvarious ciseases including asbestosis, lung cancer and mesothelioma are
indisputably associated with usually’ prolongec and very heavy exposures to
asbestos which existed some years ago in:certain industrial situations. At this
point in time no definite such effects have been observed for occupational
exposures to other minerzl fibres, including man-made fibres; further work
seems to be needed to fully evaluate this situation however. Asbestosis seems
to be sassociated with =zll types of asbestos exposure, oui in contrast,
mesotheliomas would appesr to be more particularly related to crocidolite and
amosite exposures rather than to chrysotile;--lung cancer seems perhaps also to
be less associated with chrysotile exposures but the available evidence for ‘this
disease is not clear. Lung cancer and mesotheliomas are not specifically related
to asbestos exposure; smoking and various types of different occupational
exposures can also cause lung cancer and various non-asbestos associsted factors
csn account for mesotheliomas. Smoking also strongly enhapces the lung cancer
incidense in workers heavily exposed to asbestos; mescthelioma incidence
however ‘does not seem to be associated with smoking habits. Other cancers
such as laryngeal, gastrointestinal, kidney and ovarian do not seem to be
consistently and firmly related to occupational asbestos exposure. Any possible
effects of ingesting asbestos in occupational situations where airborne asbestos
is present seemn to be non existent or at most at low level; perhaps very
occasionally, gastrointestinal tumours may arise where the inhaled asbestos could
be translocated after being deposited in the lung to elsewhere in the body. Non
malignant pleural changes are detected in some asbestos workers but these are
not generally considered to be cf special concern. It is likely thet the predicted
occupational levels of asbestos in air used in some health effects studies have
heer underestimated. Finally, although the evidence for non-asbestos fibres
being & hazard to workers is weak, one might expect that where the fibres are
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of con.zerzble dimersiors to zsbestos and where the exposure is long and high
enough, then in principle some similar problems found for easbestos may exist

when workers are exposed to some of the more durable non-asbestos mineral
fibres.

4.2.2.(b) Health effects of environmental exposure to
asbestos and other mineral fibres in air

In this section eny health effects that micht be considered to arise from
non-occupztional exposures are evzluated.. Exposures in the street, in the. air
near mineral fibre industries, st home, in the office or in other buildings
(schools) etc. are appraised in relstion to possible health effects.

In the case of inhaling fibres from the general environmental air, it is
recognized that some will enter the respiratory tract and some will be ingested
(either as a result of direct ingestion through fibres entering the mouth or
indirectly as a result of lung clearance mechanisms). .Considerstion of the
iollowing possible diseases in relztion to exposure are considered here:- fibrosis
(asbestosis), lung cancer, mescthsiioms, gastrointestinal cancers, certzin other
cancers.

Account is taken of tumzn epidemiological studies where groups of people
were studied in relation to their exposure to minereal fibres in environmentsal air.
Such studies that exist, relatz tc asbestos fibre exposure rather than other
mineral fibres; exposure to erionite has been studied however isee later). The
actual published levels of environmental concentrations in different situations
ere provided in Chapter 3 of tnis Report; the risk estimstes in relation to
various possible diseases as a rasult of exposurz to environmeéntal minerzal fibres
ere given in section &.3.

Firstly it needs to be recognized that the exsosure to mineral fibres in the
general environmeni is generzily many orders of magnitude lower than that
experienced in the past in occupational situations; this is especially so in
relation to. asbestos dust exposure where in the past the workplace levels of
asbestos were not infrequently encrmously high. At least 1,000 to 10,000 times
and even pertaps 100.000 times lower has been suggested 1230, 257). Other than
in very special past situations {see below) in relation to asbestos and for erionite
exposure in some Turkish villeges (see later), no adverse hezith effects have
been definitely attributable to mineral fibre exposure in the general environ-
ment. In the studies examined here in relation to environmental exposures,
pzrticular emphasis is given to possible diseases such as cancer (including
mesothelioma) rather than fibresis {asbestosis). Fibrosis and asbestosis seem to
be related to véry heevy occupationegl exposures and in part could arise when the
concentrztions which are inhzled are so high that the pulmonary defence
mechanisms are overridden (131)., There are no serious references to fibrosis or
asbestosis arising in the general population from environmental exposure to
mineral fibres (8). There is thought to be a threshold level cf exposure below
which asbestosis does not occur (108, 268).

. Next, various community epidemiological studies are evaluated where
mineral fibres have been inhaled by the general public. Subsection 4.2.2.(b) (i)
deals with asbestos and subsection &.2.2.(b) {ii} deals with other mineral fibres.
4.2.2.(bXi) Health studies in relation to environmental exposures

to inhaled asbestos

Gernieral stucdies where ng effects ~ezve been ghszarved

In 1976 & study was published (201, ir which various cancers were
. 1'..(’
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contrasted between those counties in the United States where there were known
natural deposits of asbestos, and those counties where there were no such
deposits. Although this study did not include actual exposure data, it is very
likely that the average person in the 'asbestos' counties inhaled more fibres
there than in the other counties. No statistically significant difference in the
incidence of cancers was found between the two groups of counties (201).
Although the study was well planned, its sensitivity was such that it would not
be capatble of detecting any very low level of effects, if in fact they existed (6,
201). A somewhat analogous study (202) was carried out in Austrig; districts
and towns with asbestos deposits (tremolite asbestos) or asbestos processing were
contrasted with control areas. The area of asbestos processing was one where
a major asbestos-cement plant existed. A full evaluation of this study showed
that no significant differences in lung and stomach cancer rates (both for males
and fernales) could be attributed to environmenta! asbestos exposure. Although
this study covered smaller populations than the above study (201), it was stated
to be based on better data (202). Again however the sensitivity of the study was
such that any very low level of effects (if they exist) would not have been
detected. The same investigators (202) also looked at the distribution of
mesctheliomas in Austria, but found no clustering of the tumour in areas
associated with asbestos. Overall, taking account of some other studies too, the
investigators considered that there was no indication of excess cancers due to
environmental exposure (202).

A valuable study has been carried out at two mining townships in Quebec,
Canada (30). This is an interesting study because the general air of these
townships happened to be very heavily polluted with asbestos; 2 'snow-like film'
being a regular occurrence some 20 years or more ago. has been reported (30).
Such a ‘film' in itself suggests that a very high sirborne-level of asbestos fibres
existed at that time; levels as high as 140 ;;g/r'n3 asbestos have been suggested

(30). The utilization of environmental control measures has long  since.

eliminated such conditions. The epidemiological study enabled various cancers
including respiratory and digestive tract ones to be examined in relation to the
asbestos townships; a comparison was made with the rest of the Province of
Quebec acting as a control population (30). The results for fernales are more
relevant, in that, other than for very few women, they were not occupationally
.avolved like males; also many of the females were considered to be exposed
since childhood (30). The mortality rates for females however were found not
to be significant in excess of that which would be expected statistically (30).
The results are compatible with the hypothssis- of -no- excess risk, although
because of the size of the study a very small excess cannot be completely ruled
out. This negative result is of particular interest in that the environmental air
poliution levels cf asbestos were reckoned to be & hundred times greater than
the air in some North America and European cities (30). In the study, males
seermed to show some excess risk of respiratory cancer but this was readily
accounted for by the fact that a significant number had histories of occupational
exposures to asbestos (30).

In 1979 an investigation was reported (6) of a study of nearly 2,000 males
living within 0.8 km of an amosite factory in New Jersey, U.S.A; none of the
men worked at the factory. No excess mortality or excess lung cancers were
detected in the group of men living near the factory compared with a control
neighbourhood several kilometres away (6, 203).

Extensive studies of mesothelioma incidence in Canada, revealed no
association between residence within 20 miles of intensive mining activity and
this form of cancer (8, 204).
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Thus these studies of gereral environmental exposure Lo asbestos did not
demonstrate any undesirable heelth effects including cancer from inhaled
asbestos in the general community air, even though in some cases the exposure
must have been relatively high in the past; the sensitivity to detect small
effects in these studies is low however.

Neighbourhood studies where effects have been observed

in contrast, there are some cases of neighbourhood exposure where effects
in the general population have been alleged to be associated with non-
occupational exposure to asbestos. For example, eleven cases of mesothelioma
were reported in 1965 for non-occupationally exposed people living within half
a mile of an asbestos factory in the east end of London where crocidolite,
amosite and chrysotile were used (8, 37, 199). Some years ago neighbourhood
cases of mesothelioma were reported nearby shipyards and near an asbestos
factory in Hamburg, F.G.R. where mixtures of chrysotile and amphiboles were
osed (8). From studies carried out some time ago in South Africa, some
neighbourhood cases of mesothelioma in a crocidolite mining area were reported
(8, 205). Out of 33 cases of mesothelioma in the Northern Cape Province in
South Africa, 32 seemed to be associated with histories of living near 8
crocidoiite mine (37, 198) it is very probable that in the vicinity of the mining
area it was very dusty. Thus in these particular studies there does seem to be
some evidence that asbestos in the general environment in the past (especially
perhaps for amphibole asbestos) was a contriputing factor in the causation of
some cases of mesothelioma in certain members of the general public. No firm
information however is available on the levels of exposure; however, eye
witness accounts of some environmental situations in the past (30) suggests that
the exposures might have been feirly substantial in mining areas. Also meso-
theliomas were not uniquely relsted to asbestos exposure (200) and thus it is
possible that some recorded cases may have been caused by factors unrelated to
asbestos. ‘

Household-contact studies where health effects have been observed

In addition to these neighbourhood exposures to asbestcs above, where
some health effects have been observed, special cases of household contacts to
asbestos exist with mesotheliomas being reported (8, 195, 205, 207). In tnese
cases asbestos dust was presumably brought home on the workclothes of men
working at an asbestos factory; the asbestas dust seems to have been the most
likely cause of mesothelioma in some women at home (8, 199, 206, 207). In one
of these studies carried out in New Jersey, U.S.A., cohabitants of 1,664 amosite
asbestos workers employed from 1941-1954 were studied (8, 206).  X-ray
examination of 678 household contacts showed a significant number of lung
abnormailities, e.g. pleural thickening, calcification and plaques (9, 206),
compared- with the incidence for the general public. According to the
investigators (9, 206), 5 mesotheliomas were detected out of a cohort of 3,100
household contacts. This is & proportion much higher than is seen in the general
population; the study has been brought up to date using further data (208). In
another study (9, 207), carried out in Nevs York State, U.S.A., cases of
mesothelioma found in females between 1967-1977 were studied in relation to
occupational exposure and household contact to asbestos. Six of the 52 cases of
mesothelioma studied seemed (0 b2 associated with past occupational exposures,
and 8 others had husbands or isthers who had been employed in asbestos
industry. In a further study in England reported in 1965, 9 female cases of
mesothelioma were investigated 18, 199); it seems that these could have
resulted from husbands or relatives, etc. working at a local asbestos factory near
London, U.K., bringing home dust on their clothes. Chrysotile, crocidolite and
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=mosite have been reported to have been used at the factory (8, 199). Also two
cases of mesothelioma were reported in relatives of workers in a crocidolite
mine in Western Australia ;8. 209). These and other studies have been evaluated
‘6, 8, 9. It would appear that these household exposures to asbestos were
sufficient to cause some mesotheliomas in non-asbestos workers; amosite and
crocidolite seem to be more particularly implicated (8, 136). No reliable
renresentative figures are available for the concentrations of asbestos dust at
home to which people could be exposed (8), but in view of the very dusty nature
oi asbestes attached to ciothing, th2 exposure may well have been substantial
(7%, 136). It has been reported (175) that several hundreds of fibres per ml air
was measured in domestic situations where fine asbestos fibres can remain
zirborne for days before settling. Also once the dust has been brought home it
is difficult to remove it, and asbestos fibres could be re-entrained and released
again and again to the air (75). Home exposure is also significant in the fact
that it can continue for the whole time one is at home, which for some people
such as housewives, may represent a high proportion of their time each day.
Another factor of some possible importance relates to the fact that some
nouseholders may be expcsed to short duration peak exposure conditions from
rime to time in the clesning of dusty workclothes, especially if the process is
carried out in a small rocm. Such peak exposures are of some significance in
that they could perhaps contribute to the possibility of overwhelming the lung's
clearance mechanisms; overwhelming has the effect of making such exposures
worse than an overall accumulated dose of the same magnitude, inhaled at lower
concentrations for a longer period of time {6). Fortunately high household levels
zre a thing of the past; this is due to a number of factors, including the general
zvareness of a hazard, much lower workplace clothing contamination these days,
adequate washing facilities at work before coming home, and dusty workclothes
remaining at work rather than being brought home.

Exposures for special groups and possible health implications

Apart from asbestos dust brought home by asbestos workers, some people
have expressed concern regarding indoor exposures to asbestos in general, with
special concern in relation to possible effects in chiidren (75, 76). 1f substantial
quantities of asbestos dust are present inside buildings (perhaps in households,
schools and certasin other buildings) then on average & child's exposure to
asbestos including their adult life later on will be greater. This may lead to the
accumulated lifetime dose being higher than for those people not specially
exposed. However, the increased’ exposure - in comparison with other people is
only slightly greater (6) a2s a resuit of such indoor asbestos, including school
exposure (see Chapter 3 and elsewhere). Even so there is some extra concern
sor children in relation to mesothelioma since exposures in early childhood can
theoreticelly be more significant in terms of the development of the disease (8,
¢). Theoretically, for mescihelioma the risk is suggested to rise st a rate of
hetween the 3rd and 4th power of time since first exposure (6, 9). However
there is no really firm evidence that such early exposures do in fact lead to a
very significant risk from mesoihelioma iater on in life (6, 8, 75, 210-11).
Calculated estimates for any possible increased risk seem to be relatively small
(see section 4.3.). Nevertheless, cases of childhood mesothelioma exist although
as far as is known these ere not asbestos related, or at least unproven to be
aspestos related (6, 8, 210-11). A veriety of factors unrelated to asbestos
exposure appear to be ceauses of the disease both in children and in adults (191,
200, 211. 744). Factors such as viruses, certain organic chemicals, certain non-
zchestos fibres e.q. eriorite, radiztion, hereditary factors, certain drugs,
servilium, chronic inilemmztion. seem to be implicated (191, 200, 211, 244).
~nildren are of ccurse izss aware than acults of many hazards and there are
examples in the pzst where children have beeri pleying on sites contaminated
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with asbestos dust, including dumps near fectcries and mines-(8); however,
although their exposure in the past may have been creater, there are no reported
cases where it has been proved that such chiidhood exposures have led to the
increased development of a disease later on in life. There have been suggestions
that the lungs of young children are more susceptible but when various experts

were questioned (6), no substantive support could be found for this propesition
PO
6.

Other possible effects

In addition to the possibility of certain diseases which might perhaps be
related to the environmental exposure to asbestos, the formation of pleural
plaques and other changes are of interest. For example, pleural plaques were
found to be endemic among agricultural workers of South Bulgaria (9, 212)%
Anthophyllite and tremolite asbestos present in the soils may have been
responsible (9, 213). Similar pleural changes have been observed in New Jersey,
U.S.A. amongst residents who in the past lived near an amosite asbestos factory
{9, 206). These pleural changes seem simply to be indicators of exposure to
asbestos and some other environmenteal dusts (6, 9); they have not been reported
tc have any significant health implications for the general population.

Pleural changes are also known to arise following exposures to agents such
as talc, mica, kaolin and bakelite a2s well as certain mineral fibres (215). Other
than 'ung cancer and mesothelioma, certain other cancers have been suggested
as being associated with occupational exposures to asbestos; these are
gastrointestinal, ovarian, laryngeal and kidney cencer. The evidence that there
is a firm relationship between occupational asbestes and these carcers is- weak
(see section 4.2.2.(8)); thus in relation to environmental exposures to asbestos
which are so much lower, the evidence of zn zssociation can be essentially
dismissed. In drawing these conclusions it is recognized that where asbestos is
inhaled, some of the fibres will subsequently be ingested (83) and thus there is
direct exposure to ingested asbestos. However the evidence tnhat directly
ingested asbestos from whatever source is a heaith risk must be regarded as
extremely weak (83, 112); for exampie, where reletively high concentrations of
asbestos are ingested from certain drinking weters, the health risk (if any) can
be considered to be sensibly zero or at the most exceedingly iow (83). Also at
the beginning of section 4.2.2.(b), various .epidemiological community studies
were evaluated in relation to asbestos -exposure;  there was however no firm
evidence of gastrointestinal cancers in these studies.

Although there would appear to be no firm evidence of health risk from
ervironmentai levels of asbestos in air nowadays, risk estimsiions using
mathematical formulae have been made. They have been made on the basis of
exposures in the general environment in comgerison with conditions in the past
for occupational situations (see section 4.3.). Even for higher than average
exposure conditions the predicted risks seem to be &t an extremzly low level (see
section 4.4.).

4.2.2.(bXii) Health studies in relation to environmental
' exposures to inhaled non-asbestos mineral fibres

No studies have bLeen reported which indicate any health effects in
communities where exposures, including those arising from factory emissions of
nor-zsbestos mineral fibres, or inan-made mineral fibres have occurred; this
contrasts with asbestos, where in the past hezlth efiects, e.g. cases of
mesctheiioms have been reported ‘see above. to be associzizg with emviron-
mertal exposures to asbestos. However in the case of community exposures (for
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.iilagers in Turkey) to the ‘fibrous mineral erionite which occurs naturally, there
ceems to be & strong association between the inhalation of this mineral fibre and
mesothelioma (9, 214, 215, 241, 251). In two villages in the Anatolia region of
Turkey where some of the inhabitants live in type of cave, exposure to erionite
which is a form of fibrous zeolite, occurs; very little asbestos has been found
in the regicn {9). Both pleural and peritoneal mesotheliomas, some fibrosis, and
the presence of pleural plaques have been reported in the population (9, 214,
215% it is possible that lung cancer may also be associated with the exposure
o erionite ‘9. The various effects suggest that the route of critical exposure
is via inhalation; erionite fibres have been detected in the lungs of villagers
dying of mesothelioma (9, 216). Of particular concern is the rather high
incidence of mesothelioma cases (9), and in view of the fact that some of the
villager's dwellings are ctaves hollowed out of rock (9, 214-15), one must assume
that the exposure to local mineral dusts and fibres is relatively high. Little is:
available on exposure, although in one study, up to 1.38 f/ml has been reported
‘during the cleaning of some villager's caves (9, 214). Materials which happen to
contain erionite are used for constructing some dwellings in this region (214)%
this could zlso probably cause increased exposure.

Turkev is not the only country where the population seem to be exposed
to respirzble erionite fibres. Recently in parts of Arizona, Nevada, Oregon and
Utsh in the U.S.A. and in New Zealand (9, 217, 234), erionite has been found,
and pleural thickening and some pleural plaques (but no mesotheliomas) have
been detected in some members of the population there; these plaques were
thought tc be possibly due to the inhalation of erionite. There are other
geographiczl areas too in Finland, Eastern Europe and Greece where pleural
czlcification is reported to be prevalent in the general population (120, 214, 218-
220). Althaugh in 2 number of cases this may have been due to the inhalation
of naturelly occurring forms of asbestos, in others they are likely to have been
czused by ron-asbestos mineral fibres (9, 120). No symptoms of ill effects have
been repcrtsc in the genera! population where cases of pleural calcification has
arisen dus tc mineral fibres, whatever their source. ’

It is worth trying to determine why the exposure to erionite in the Turkish
villages seems to be the cause of a relatively high rate of mesothelioma (9).
Because such sreas in which the erionite is found can be dry and dusty, the
exposures may become relatively high. A particular factor of importance too is
the fact that most of the villagers will have had a lifetime of exposure. It may
be that erionite is a particularly hazardous substance to inhale over many years.
Perhaps it is even more dangerous to humans than asbestos for a given dose;
animal tests nave demonstrated that it is a very potent carcinogen (9, 159) and
no other mineral fibre, natural or man-made, has been stated to be as pathogenic
in animals as erionite (120). There have been several recent reviews of the
o~currence of mesothelioma in populations not known to be specially exposed to
zsbestos (S, 221-22). These studies are of particular significance in that they
demonstratz that naturally occurring non-asbestos fibres can cause serious
effects i non-occupstionally exposed people; they show very clearly that
mesothelioma is not uniquely related to asbestos exposure which was at one time
thought tc be the case. Varigus other factors such as viruses, radiation, specific
chemicals znd other factors (see section 4.2.2.(bXi) are also considered to be
strongly asscciated with mesothelioma in the general population (175, 191, 242,
264). it hes been suggested that the risk of mineral fibre mesothelioma may be
higher in zreas where-there is a greater incidence of benign pleurisy (261).

Silice fitres asscciated with areas where sugar cane is grown have been

1
uggested 10 be possibly important in relation to mesotheliomas (245, 246). The
vigence it however rzther tenuous. The fibres seem to arise when the sugar

164
55



cane leaves are burnt prior to hzrvesting the cane; it has been shown that silica
fibres of about 0.BS pm diameter and 10-300 pm long are produced when sugar
cane leaves are ashed under laborstory conditions {277

4.2.2.(bXiii) Summary of the health effects of environmental
exposures to inhaled mineral fibres

For the environmental conditions that exist nowadays thsre would appear
to be no firm evidence that inhaling asbestos fibres causes diseases such as
asbestosis, lung cancer, mesothelioms or other cancers. This contrasts with
occupational exposures to asbestos which in the past were associated with an
undesirably high incidence of asbestosis, lung cancer and mesothelioma. In the
past too, in relation to environmental exposure to asbestos coming from factory
emissicns, etc., or from household exposure to dust brought home on workclothes
irom factories, cases of mesothelioma have been reported in people non-
occupationally exposed to asbestos; the expostres seemed to be more associated
with crocidolite and amosite although chrysotile could have been implicated too.
For exposures in the general environment to non-zsbestes mineral fibres
including man-made fibres. there v:ould appear to te no firm evidence of health
efiects being produced, except in the case of natura erionite fitres. Natural
erionite fibres have been identified in a few paris of the world, and in two
Turkish villages, cases of mesotheiloma have been reported in villagers exposed
to the fibre; it is thought that the cause of the mesotheliomes is the inhzlation
of the erionite. The risk of mesctheliomas ‘rom erionite exnosure still exists
today. Recently a number of other factors whicn seem to be reisted to the
cause of mesothelioma have been reported; . factors such ss viruses, radiation,
specific chemicals in the environment and other factors, appear Lo de important.
Some pleural changes have occurred in memters of the population exposed to
asbestos and other mineral fibres in environmsantzi air; these changes are not
considered to be of any concern zs.fer as heslth is concerned and they simply
seem to indicate exposure to fibres, etc.

As a result of various community epidemiologicai studies, no firm evidence
of a health risk from environmental asbestos seems o exist nowadays, but risk
estimations based on mathemsatical predictions have been sttempted (see section
4.3.). The risks have been predicted on the tesis of concentraticns of asbestos
in the general envirornment including higher than zverage exposure situations in
certain buildings like schools. Even for school children and teachers etc., the
risks would appear to be at an extremely low level (see sections 4.3. and 4.4.).

4.3. Estimates of possible health risk associated with
inhaling asbestos and other mineral fibres in environmental air

Since there is a definite and indeed sizeable health risk associated with
past occupational exposures where high levels of asbestos were inhaled by
workers, it is not inconceivable that @ small risk might possibly exist for the
general population where the latter inhale very much lower levels of asbestos.
Some pessible risk may also exist from the exposure 1o environmental levels of
non-asbestos fibres, although unlike asbestos, no health risk has yet been
definitely proven for occupational exposures to non-asbestos fibres. In this
section the maanitude of any general populetion health risk possibly associated
with exposure to inhaled mineral fibres (mainly rejerring to asbestos) is assessed.

H

One meihod of estimating human risk from various environmenta! sub-
stances is to take account of snimal exposure dziz in which extrapolation of the
animal risk to thst for humane is calculated using various informzation (9). This
can be a useful approach althouch where trzr2 is & consicerable gquantity of
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relztively good human epidemiological data, the use of the latter is very much

to be preferred (9). Because of the greater uncertainty associated with the use
of study data where animals have been exposed to asbestos, approaches using
the information from human epidemiologice! studies are referred to and used
here. In interpreting and using the human epidemiological data, account is
however tezken of certain findings from various laboratory experiments with
animals. Nevertheless it needs to be reccgnized that there are some limitations
even with the use of human epidemiological data (235). In the approaches used
here the prediction of human risk has been mainly based on extrapolation of
occupational data to that for the gei.eral environment using health statistics and
information about the different exposures. Reference is made to some health
studies cerried out directly on the generz! population exposed to low levels of
asbestos; however, the sensitivity of such studies is generally not adequate to
provide precise estimates of any very low risks which may be associated with
environmental asbestos exposure. Although no firm evidence of a risk exists for
current environmental levels of exposure to asbestos, in order to try to define

the level of possible risk, special mathematically derived risk estimates have
been caiculated.

4.3.1. Some possible cancer risks

For environmental asbestos, predicted possible risk estimates related to
lung cancer and mesothelioma are considered here. Asbestosis is not considered
to be a health issue for the general public (8); -also other cancers e.g.
gastrointestinal cancer, laryngeal and kicney cancers are considered to be too
improbzble in relation to environmental asbestos exposure (see section 4.2.2.(b)).
The risk estimates given here take account of the fact that the overall exposure
to environmental mineral fibres includes exposure to inhaled fibres in indoor as
well es in outdoor air. Special account is tzken of the exposure to children
{becausz they may possibly be more expcsed et school than elsewhere) and of the
exposure to the occupants of particular buildings where the levels of minera!
iibres e.c. zsbestos may be elevated. In making risk assessments it is important
to consider special groups such as children because they just might be more
sensitive than adults (9, 223-25). However in the case of the inhalation of
asbestos there is no firm evidence that children compared with adults are
intrinsically more prone to develop cancer when exposed to the same
concentration of fibres, except in relatien to a potentially longer period of
exposure. The length of exposure and more particularly the date of onset of
exposure seem to be of special importance (226) and these are fully taken into
account here in the evaluation of children's exposure to mineral fibres.

By far the most comprehensive evaluztion of possible health risks regarding
expesure te mineral fitres in the non-occupational environment has been only
very recently published; this was carried out under the auspices of the
distinguished Nationa! Research Council in the U.S.A. The large Committee of
Speciaiists (9) concluded that it is meaningful to make predictions of risk for
both Jung cancer and mesothelioma which could possibly be caused by
environmental exposure to asbestos. The Committee also concluded that their
information base, although not adequate for quantitative risk assessment to
environmental non-asbestos mineral fibre exposure, was of some use for certain

"quelitative aspects of risk evaluation for such fibres (9). The Committee (9)

adopted two equations for their risk assessment of exposure to asbestos. For
lung cancer an equation derived by Professor J. Peto (9, 226) was used. This
equetion provided cumdulative lung cancer mortality for a given dose of asbestos
over a sgecified time period; the possibilities of lung cancer risk for smokers
anc non-smokers, and for males and females were assessed separately. For
mesotheiioma, ancther equation based on the multi-stage theorv of carcino-
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genesis weas used where cumulstive mesothelioma mortality for a given
environmental asbestos dose could be prediciec ellowing for the time since first
exposure i.e. onset of exposure {9, 227;. WMo separzie assessment for smoking
habits or sex was made since mesotheliomas do not appear to depend on these
factors (9. For these two equstions, substentive supporting evidence for their
justification in use has been reported {9, 116, 226, 228, 229).

4.3.2. Predicting possible cancer risks
4.3.2.(a) National Research Council 1984 Study

Using the two equations referred to zbove and incorporating carefully
evaluated risk data from occupational studies for known levels of asbestos
exposure, general environmental lifetime (based on 73 years) risk values were
calculated and reported by the Ngztionsl Research Council Committee 9. A
median vzlue of 0.0004 f/ml asbestos weas considered by the Committee to
represent population exposure overall {i.e. inciuding outdoor and indoor ex-
posures). The details of the risk calculatiors '9) are too extensive to provide in
de:ail here. The results as reported (9) arz given in Table 1.

Secause the equations used ere bzsed on e linear dose-effect relationship,
the figures quoted in Tabie 1 can be increaszd or decreased in direct proportion
to the exposure level. The Committee corcluced the following two points (9).

1. 'For non-smokers, the lifetime risk for mesothelioma from non-occupa-
tional environmental exposure to asbestos is higher than for lung cancer. For
smokers, however, the risks of lung cancer are substaritizlly higher than for
mesothelioma, because of the multiplicative interaction of smoking and ‘asbestos
exposure.’

2. 'Individual lifetime risk estimates for lung cancer frem non-occupational
environmental exposures to 0.0004 f/ml are much lower than the risks observed
for smoking.’

The Committee (9) considered that the outooor median concentration of
asbestos fipres to be 0.00007 f/mi {renge 0.60002 to 0.CO075 f/ml; various
studies). They reported median levels in rooms without asbestos as 0.00054 f/mi
and in rooms with asbestos surfaces 0.0006 i/mi (range 0.00006 to 0.00405 f/mi;
various studies). The Committee calculated the median population exposure to
be G.000%4 f/ml by appertioning an individugl's time spent in outdoor and indoor
air (9).

4.3.2.(b) Other studies

Another risk study of non-occupationzl exposure to asbestos was reported
in 1983 (65). An exposure to asbestos of 0.0015 pg/m3 in outdoor air was
. estimateé for the entire U.S. population and the possible risks for lung ceancer
and mesothelioma were calculated. For lung cancer, an extrapolation was made
from workplace exposure levels and the incicence of occupational cancer. The
irvestigator {65) estimated that the lifetime risk from lung cancer in the general
population was 2 per million. For mesothelioma the risk was not however
calculated from occupational risk data. For this disease it was considered that
about one-third of Lhe cases of malignant mesothelioma in the general population
were cezused by non-occupationz! exposure to asbestoes. From this the
investigator deduced that the general popuistion lifetime risk for mesothelioma
was 100 per million. The besic principls of the calculation method used for
predicting pcssible total lung cencer incicsnce would appear to be reasonably
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Table 1

Estimated individual lifetime risks from a continuous exposure to
the median dose of 0.0004 f/ml asbestos in environmental air
(Table is adapted from National Research Council Committee 1984 report, (9))

Disease Exposure CGroup Estimated individual
lifetime risk (per 100,000)

Lung cancer male smoker ** . 6.4 (0-29) *
Lung cancer ferale smoker ** . 2.3 (0-115 *
Lung cancer male non-smoker ** 0.6 (0-2.2) *
Lung cancer female non-smol;er ** 0.3 (0-1.3) *
tesothelioma all 0.9 (0-35) *
* Range of estimated values; the lower value of zero was considered

possible by the committee if the linear extrapolation used over-estimated
the risk. The models used to produce these estimates of risk provide
values which could be higher than for some other possible models (9).

**  The sex differences for lung cancer zre due to differences in lung
cancer background rates associated with smoking patterns, occupatlonal
exposures and other factors (9).
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sound, although for various reasons the actual values could be an over-estimatijon
of the true level of risk (see later). In contrast, the principle of the calculation
used for determining mesothelioma risk would appear to be open to criticism.
This is because there is little firm justification for the assumption that one-third
of the mesotheliomas found in the general population were caused by non-
occupation exposure to asbestas; it is more likely to be a much smaller fraction
simply because non-occupational exposures to asbestos are so very much lower
{see Chapters 3 and 4 than occupational exposures (6, 9). Using a different set
of data and assumptions from ancther study, the same investigator (65) reported
= lifetime risk of 4-24 per million for mesothelioma {i.e. lower than above) and
3-30 per million for lung cancer (higher than above) in relation to general
population exposure to asbestos (65, 116); this other study (116) is discussed
further, later. s

From the data provided in yet another study an estimated risk for lung
cancer for an exposure to 0.0005 f/ml corresponds to perhaps 0.05-1.7 excess
Geaths per 100,000 births for 50 years ‘continuous' 8§ hours per day exposure to
environmental asbestos (8). The besic data for this calculation made by the U.K.
Asbestos Advisory Committee (1979) was drawn from several past occupational
studies (8).

In an investigation reported in 1981 some rather different values for risk
estimates were given for environmental exposure to asbestos {116); see also
above. These estimates were based on extrapolation of lung cancer and
mesothelioma risks from occupztional studies. However, the selection of the
occupational dats for this purpose appeared to be biassed towards the higher risk
studies (116). The investigator excluded the lowest risk occupational study data
for reasons which are not clear. This exclusion of selected data seems to have
introduced a bias in the reported risk estimates for environmental exposure,
leading to 2 higher level of environmental risk than weuld have occurred if no
data had been eliminated. The reported values are considerably greater than for
example those much more precisely evaluated by the U.S. National Research
Council Committee (9) mentioned sbove. In view of the unrepresentativeness of
the risk data provided by this particular investigator (116) no further con-
sideration is given here to the reported figures.

In 1983 some risk estimates were calculated by the Federal Health office
of the F.R.G. (230). Special risk models for mesothelioma and lung cancer were
used and the following information has been published: Total cancer risk in the
general population, including smokers (mesothelioma and lung cancer combined)
for an environmental asbestos exposure of 0.0001 to 0.001 f/ml (urban
ponulation) was reported to be in the range 0.02-0.24/100,000 persons/year. It
would appear that the totel oredicted lifetime risk is not too dissimilar from
that estimated by the U.S. National Research Council Committee referred to in
this Report; however it is not possible to compare fully these two sets of data.

4.3.2.(c) Risk predictions for special groups exposed to
asbestos in buildings

For special groups e.g. school children and their teachers, it is possible to
estimate exposure on the bzsis of the increased levels of asbestos they might
inhale compared with other less exposed groups. Using a median representative
general population exposure level of 0.0002 f/ml calculated by the National
Research Council Committee {9 it is possible to assess a composite exposure
s5ased on & progortion of & person's life spend in schoel buildings centaining
scmewhat elevated levels of esbesios. (The general population value of 0.0004
¢/m] above was based on spending one-eighth (12.5%) of one's life in an
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‘asbestos' building where the median level was 0.0006 f/ml, five-eighths (62.5%)
of one's life in @ non-asbestos building at 0.00054 f/ml, and one quarter (25%)
of one's life outdoors at 0.00007 f/ml (9)).

In order to evaluate the possibility of increased exposure and its effects,
it has been assumed that the long-term exposure actually at school was as high
as 0.002 f/ml (9, 90) i.e. 3 to & times the reported median level for indoor air.
As an example in the case of teachers, it has been assumed that they work 30
years inside a school building contaminated with 0.002 f/m! for an average of
1,560 hours per year (40 hours per week for 39 weeks a year). Thus the
proportion of a teacher's say 73 year lifetime spent inside a school would be (30
x 1560)/(73 x 365 x 24) = 0.073 (= 7.3%). This can be shown to represent
approximately a one-third increase in lifetime exposure to asbestos in com-
parison with the average general population exposed to 0.0004 f/ml. Thus for
a male non-smoker the predicted lifetime lung cancer risk (using the U.S.
National Research Council data) would theoretically increase from 0.6 to only
0.8 in 100,000, and for a female non-smoker the corresponding predicted lung
cancer risk would rise from 0.3 to only 0.4 in 100,000. For mesothelioma the
predicted risk would theoretically rise from 0.9 to 1.2 per 100,000. Thus even
where a rather extreme level of 0.002 f/ml in schools is selected for teachers
working inside buildings for many years the risk is expected to be only slightly
greater in comparison with the general population.

For children at school an analogous calculation can be made. As an
example, let us assume that from the age 6-16 years a child is inside a school
for 6 hours per day for 200 days per year during the 10 year period (9). Thus
the proportion of a pupil's sey 73 vear lifetime spent inside school weuld be (10
x 200 x 6)/(73 x 365 x 24), equals approximately 2%. This can be shown to
increase the total lifetime exposure by about 8% where a rather very extreme
value of 0.002 f/ml is considered for indoor school average exposure over 10
years. Adapting the approach used by the National Research Council Committee
{9} it can be shown that this represents approximately @ theoretical 10% increase
in lung cancer risk and about 2 20% increase in mesothelioma risk (a higher
increased risk for mesothelioma is predicted because it depends critically on the
age of onset of exposure). Thus 2gain as with teachers, the increased pos:ible
risk compared with the general population is relatively small even where the
pupil theoretically spends his or her time inside a classroom contaminated with
what must be regarded as a rather extreme level for protracted exposure

In 2 very recent evaluation carried out by the Royal Commission on
matters of health and safety arising from the use of asbestos in Ontario, Canada
(6) it has been suggested that 2 ten year asbestos exposure in a building might
be 0.001 f/ml. From this the Commission estimated {(6) that the risk of death
from asbestos exposure for a ten year period could be 0.029 per 100,000
population per year. The Roya! Commission considered that such a risk is 'not
significant' because it is orders of magnitude lower than other risks faced by the
general population (6).

in the most recent study just published (279) it was considered that the
level of asbestos above background level in asbestos buildings in Britain is
seldom more than 0.0005 f/ml (optical microscopy equivalent). For an exposure
to this level of chrysotile for the period of 2 working week in an office for 20
vears in adult life or for 10 years or so at school, or to lower levels for
prolonged times at home, & lifetime risk of death of one in 100,000 was
calculated; -exposure to crocidolite (and possibly amosite) weas suggested to be
zesociated with a greater risk.
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In another separate evaluation it has been reported that the lifetime risk
for mesothelioma is likely to be less than 1 in 100,000 exposed at school from
age 12 to 18 (6 years of exposure), based on & level of zsbestos of 0.003 f/ml
(6, 9); this level for long-term exposure must be regarded s very extreme. The
level of risk {even at this unlikely long-term level of exposure) has been
described as 'negligible' (6).

In contrast however in another study, the lifetime risk of death per year
from mescthelioma and lung cancer has been estimated to be perhaps as great
as 10 in 100,000 for pupils spending their school life in the more contaminated
schools. {76). The investigator (76) admits however that there is a large
uncertainty in estimating his risk. He assumed a continuous exposure (outside
air and indoor air in schools, combined) of 0.01 f/ml (0.3 pg/m3) to obtain the
risk level suggested. A continuous level of 0.01 f/m] seems to be based on an
ultra extreme possibility for exposure to asbestos; adequate justification for the
existence of such levels being maintained continuously during all the school years
for overall exposure to asbestos is not provided in the publication (76); no other
pubiished dzta would seem to support this level. In fact it can be calculated
that in order to achieve an average overall exposure of 0.01 f/m! with typical
nen-school long-term exposure levels of 0.0005 f/mi (see this Report) the pupil's
exposure actually at school from age 6-16 years would often need to be
approaching C.1 f/ml asbestos. Such a figure for a continuous exposure inside
a school building for 10 years is inordinately high and no published figures
whatever zre available anywhere to support such an excessive long-term level of
exposure. In order to obtain lifetime risk estimates for continuous exposures to
0.01 f/ml, the investigator used a linear model for lung cancer and a power
sunction for mesothelioma (76). The investigator considers that the mesothe-
lioma risk is a function of the fifth power of time from the onset of exposure
(76); eithough other investigators (226, 229, 27S) have also suggested power
relationiships (for example the National Research Counci! Committee used a
power index of 3.2 (9)), the fifth power is a very extreme value.

4.3.3. Comparison of predicted risks

In Table 2 scme mathematicz2lly predicted figures for possible lifetime risk
are given for long-term exposures to asbestos at typical environmental levels.
Some risks are related to exposures expressed in mass units but much more
attention will be paid here to exposures expressed in number terms (i.e. f/mb.
In Chapter 3 it weas deduced that a typical long-term level of exposure to
asbestos accounting for indoor and outdoor exposure combined appeared to be
about 0.0005 f/ml. For countries or situations where relatively little asbestos
has been used the typical concentration may te lower. A higher value of 0.001
f/mi or even perhaps 0.002 f/mi may apply in some cases. Table 2 includes some

risk values calculated for the typical level. The average predicted possible

lifetime risk values for exposure to 0.0005 f/ml, ranges from 0.4 to 8 per
100,000 for lung cancer (including smokers) with a predicted value of 1.1 per
100,000 for mesothelioma (this latter risk is independent of both smoking habits
and sex differences). For non-smokers specifically, the possible lung cancer
lifetime risk is predicted to be 0.8 per 100,000 (males) and 0.4 per 100,000 for
females; for smokers the risk cdue to asbestos exposure is 8 and 3 per 100,000
for males and femnales, respectively. Studies A and B in Table 2 have been
excluded from further detailed discussion since the exposure levels are quoted in
mass concentration units rather than number concentrations (see earlier
comments..

The rangs of risk values extracted from Table 2 are based on occupational
studies where workers were generally exposec to crocidolite, amosite or
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Table 2

Estimates of possible lifetime risk associated with environmental
long-term exposures to asbestos

Lifetime risk per
. 100,000
Environmental exposure Reference

Lung cancer Mesothelioma

A Average population’ ' .
exposure of 0.0015 ng 0.2 N 10 # 65
rer m> air in USA * :

(Enterline, 1983)

B Average population
exposure of 0.0015 pg - 0.3-3 0.4-2.6 H 65, 116
per m3 air in USA *
{Schneiderman, 1981,
Enterline, 1983)

C Population exposure of
0.0004 f/m! (median
value) ¢ (National
Research Council,

1984) - Male smoker 6.4 0.9 9
Female smoker 2.3 0.9 .
- Male non-smoker 0.6 0.9
Female non-smoker 0.3 0.9

D Populstion exposure of
0.0005 f/ml (calculated
risk from data given by
National Research
Council, 1984)

Male smoker g ** 1.1 9
Female smoker 3w 1.1 x>
Male non-smoker 0.8 ** 1.1 **
Female non-smoker 0.4 ** 1.1 **
i Vhere additional exposure in schools etc. occurs at levels above 0.G304

f/ml the theoretically increased risk can be calculated (9). For 0.002

f/m] exposure in schools the predicted risks for teachers and pupils

have been calculated (see this Report); the risks are only slightly increased
from the values given in C above.

1}  Based on an unsubstantiated method for deducing risk (see text).

* Excludes indoor asbestos pollution which may be higher than outdoors.

*»  Risk values are in proportion to exposure; for example if long-term
exposure is 0.001 f/ml then the possible risk values would be doubled.
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chrysotile or various mixtures. In generel, the occupeationizl risk seems to be
higher for crocidolite and amosite in compzrison with chrysotile. txtrapolations
from various cccupational to environmentz! levels of risk zre likely to some
extent to reflect the risk from the more hazardous ferme of asbestos i.e.
crocidolite and amosite rather than chrysotile. Thus one might expect that the
predicted environmental risk velue for chrysotile to be perhaps somewhat
smaller then the figures given in Table 2; for crocidolite and amaosite the
environmental risk values might be expected to be somewhat higher than the
figures in Table 2. Thus the possible overall environmenteal risk from a given
dose of inhaled crocidolite or .amosite may be higher than that for chrysotile.
However, by far the commonest form of asbestos in environmental air is
chrysotile with amphiboles being detected fzr less frequently (275). Thus the
effective possible population risk (i.e. the numbers of possible deaths from
cancer) from exposure Lo environmental levels of amphibole asbestos should be
exceedingly low.

In various parts of this Report in relation to predicted risk estimates,
reference has been made to the certzin difficulties involved in (g} sampling and
analysis in relation to exposure estimation for both occugeticnz! and environ-
mental conditions, (b) determining health risk from occupationa! exposures in
relation to defined exposure levels, (c) confounding effects of smoking, (d)
possible existence of a threshold level at which no health risk may be associated
with very low exposures, (e) use of urnrealistic factors to convert mass
concentrations of fibres to number concentrztions, etc. A number of the
difficulties will result in errors when precicting risks based cn environmental
levels of exposure to asbestos. Rarely wil: these factors provide an under-
estimzte of genera! environmental risk; - in general they wiil tend to over-
estimate risks to give exaggersted envircnmental risk velues. The detailed
reasoning for the environmental risks being cepsble of being over-estimated are
as follows: {further references to severai points raised are included elsewhere
in this Report). .

4.3.4. Reasons for predicted environmental risks
being often exaggerated

(1> Ectimsies of the critical occupaticnel exposures to asbestes ir. ti.e past are
often too low {62). This is partly due to only a few appropriate measurements
having been made in the past, but also it is bscause the analytical procedures
used then gave results which are now known to give low results (see section
4.1.2.). The accuracy of past estimates for occupational exposure is of
particular importance; the exposure levels relate critically tc occupational
Gisease incidence recorded years later. Where the values for the past
occupational exposure are too low this will cause the precicted estimate of
environmentzl ambient risk to be exaggerzted. Eys witness accounts (75)
support higher occupational exposures for the past conditions; these eye witness
accounts refer to a very marked reduction in visibility in certain factories years
.zgo. Also”in the past, the lack of individuel asbestos worker-oriented exposure
measurements would tend not to identify ‘hot spot' situstions. The few
'sverage' workplace measurements that were recorded in the past would not
have reflected any high 'hot spot' individuzsl worker exposures. Ons could expect
thal there is a greater probability that these high unrecorded concentrations of
zsbestos rather than ‘average' (i.e. lower levels) were mcre likely to have
reflected anv asbestos disease found in workers.

{2} Even if some past general workplecs asbestos levels couid be defined

sccurately. they may not have reflected the true worker risk since very nigh
Gust ewposures can disproportionztely decrszse the effect of the lung's natural
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clearance mechanisms (131, 233). Thus in caiculeting general environmental
risks from occupational exposure data, probatly the very high occupational
exposure figures should in effect be regerced as equivaient to even higher
exposure levels; unless this is allowed for. the ceneral environmental risks could
be over-estimated.

(3) The asbestos workers of the past were also exposed to asbestos at home
as demonstrated by the health risk of some vsorkers' wives then (8, 199); thus
in effect, the workers' exposure could have been somewhat greater than
reflected by the workplace figures glone. :

(4) I in the case of lung cancer and mesothelioma a threshold exposure level
to asbestos exists below which any effect occurs, then for very low general
enwvironmental exposures, any risk could be smezller than suggested and perhaps
in some cases even essentially zero. In the case*of lung cancer specifically, it

_is perhaps possible that at very low exposures to asbestos, i.e. in the absence of

asbestosis, no lung cancer whatsoever may occur (see section 4.2.2.(a)).

(5) Some published environmental risk estimates for lung cancer have not been
fuliy corrected for the marked effect of tobacco smoking {1, 108, 196). Thus
some published environmental risk values may be too high in relation to the
effects of exposure to asbestos alone.

(6) In assessing environmental exposures in relation to occupational levels, the
fact that industrially employed workers generally inhale at a higher rate and
breathe more deeply than other people, should probably be taken intc account.
It is difficult to assess precisely the workers' effective exposure on this basis
(see section 4.1.2.) and the net effect in the zbsence of tsking this into account
is to under-estimate the workers' exposure; this leads to an over-estimate of
any general environmental risk.

(7; It has been suggested {86) that the resuit of not distinguishing in some
occupational studies between the alleged lower health risk of chrysotile in
comparison with the more severe health risks of crocidolite exposure, leads to
arn over-estimation of environmental risk to asbestcs by 'a large factor'. There
is some justification for this suggestion since chrysotile is by far the most
cornmon form of asbestos which is generaily found in environmental air.

(8) In some publications ‘the risk of mesotheliome associated with environ-
mantal exposures to asbestos has been based on attempting to apportion the
totai number of mesotheliomas in terms of exposure to occupational and
environmental conditions respectively. In some cases the environmentai
preportion of total mesotheliomas due to asbestos has been suggested to be
reletively high; the justification for this however would seem to be open to
criticism in that the vast majority of exposures to the much higher levels of
asbestos are occupationally based. Also in recent years a number of publications
have indicated that asbestos is only one of several known causes of mesothe-
lioma (&3, 214, 215) in the general population.

(9)  Some published environmental risk estimates have been made on the basis
of air measurement data expressed in mass concentration units. Conversion
factors have been used to derive fibre number concentrations from mass values.
In some cases these. factors may not be truly representative of the types and
sizes of fibres in the environmental air and this could lead to errors. In a few
cases the fibre number concentrations may be under-estimated but more
frequentiv the vaiues seem likely to be over-estimated, which in turn could lead
tc an exaggerated predicted risk of exposire to environmental asbestos in air.
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{10) Some published environmental risk estimezies have
transmission electron microscopy o0 provide results which &re not corrected or
not fully correctec for the equivalent ccunts that arve provicsd when using
optical microscopy ‘see Chapter 3% not correcting for this effect can lead to

an over-estimate of environmental exposure which in turn will exaggerate the
environmental risk.

been made by using

(11) Some published environmental risk ialues are based on environmental
asbestos .levels in air which are too high in relation to a lifelohg average
exposure level. For lifetime exposures it is necessary L0 use representative data
which reflects long-term exposures over many years. Such zn over-estimate in
environmental levels leads to an exaggerated level of predicted risk.

Not all the comments 1-11 above, necessarily relate directly to the data
provided in Table 2. Many of these comments are considered to be relevant
however in relation to a number of reportec studies. It is of course impossible
to quantify precisely the extent of any over-estimation of environmental risk;
nevertheless the over-estimation is often likely to be at lezst ssveral-fold and
in some cases it could even be exaggerated by en order cf magnitude or more.
[t is very probable that the velues for risk estimates given in Table 2 are
somewhat exaggerated, possibly by several folc. Therefore it is suggested that
the total cancer risk for non-smokers is about cne in 100,030 cr lower for an
average long-term population exposure level of 0.0005 f/ml for the mixture of

types of asbestos found commonly in ervironmental air {meinly chrysotile
asbestos).

4.4, Risk estimates for environmental asbestos and
other mineral fibres in perspective :

In recent years a number of studies have been carried out in which the risk
of death or injury associated with various envircnmenta! and other factors has
been estimated. The methodology for estimating risk is @ very involved subject
and no attempt is made to describe here the procedures used. Actual values for
risk estimates are provided however and these have been drawn from several
highly reputable publications (269-72). The risk date given in this section are
exactly comparable with those estimated eerlier for envirommental asbestos
exposure, see Table 2. The various data are provided as lifetime risk estimates
assuming a 73 year life-span. Where necessary lifetime estimates have been
calculated from publiched risk data, when reported as annual rstes of risk. It
is recognized that the published data cannot be regarded as very precise risk
figures; in some cases there may be deviations from the values given depending
on a number of factors, e.g. due to variations associated with different parts of
the world and the lack cf perfect data from which to caiculate risk. In Table
3 the lifetime risks from verious causes are given; particular emphasis is given
to cancer because this would zppear to be a possible risk associated with
environmental asbestos exposure. The data is given in various categories of

. defined “risk level. For convenience and compatibility with other data, the

lifetime risk is expressed per 100,000.

The tabie grades risks from the very high ones like smoking and motor
vehicle accidents down to the extremely low level risks such as being killed by
lightning, getting cancer from eating charcoal broiled mesat, or getting cancer
from the increased cosmic radiation if one flies at high altitude across the
Atlantic; these ‘rare-event' risks society seems to accept. V/hat is evident from
Table 3 is that the estimated risk from envircnmentzl ssbestcs zlone of around
one or less in 100.000 (see section 4.3.) appzats to be within. or lower than,
various 'rare-event' extremely low level risks, allowing for the uncertainty
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lable 3 - Lifetime risk values for selected situations

Selected risk situations, mainly U.S. data Lifetime risk
(References 269-72) per 100,000

Extrz High Risk

Smoking (2!l causes of death) 21,900

Smoking (cancer only) 8,800
High Risk

Motor vehicle, U.S.A., 1975 (deaths) , 1,600
Elevated Risk

Frequent airline passenger (deaths) : 730

Cirrhosis of liver, moderate drinker (deaths) 290

Motor accidents, pedestrians, U.S.A., 1975 (deaths) 250

Skiing, 40 hours per year (deaths) 220
Moderate Risk

Light drinker, one beer per day (cancer) 150

Drowning deaths, all recreational causes 140

Air pollution, U.S.A., Benzo(a)pyrene (cancer) 110

Natural background radiation, sea level (cancer) 110

Freguent zirline passenger, cosmic rays (cancer) 110
Low Risk

Home accidents, U.S.A., 1975 (deaths) 88

Cycling (deaths) : 75

Person sharing room with smoker (cancer) 75

Diagnostic X-rays, U.S.A. (cancer) 75

(Risk level where few would commit their own resources

to reduce risk; Royal Society, London, 1983), (270) 70
Very Low Risk

Person living in brick building, additional natural radiation

(cancer) 35

Vaccination for small pox, per occasion (death) 22

One transcontinental -air flight per year {(death) - 22

Saccherin, average U.S.A. consumption {(cancer) 15

Consuming Miami or New Orleans drinking water (cancer) 7

(Risk level where very few would consider action

necessary, unless clear causal links with consumer

products, Raoyal Society, London, 1983), (270) 7
Extremely Low 'Rare-Event' Risk

One transcontinental air flight per year, natural

radiation {cancer) 4

Lightning (deaths) - 3

Hurricane (deaths) 3

Charcoal broiled steak, one per week (cancer) 3

ENVIRONMENTAL ASBESTOS RISK*, 1985, (cancer)

(*around one per 100,000 or lower'; this Report 1

("Acceptable* risk: World Health Organization for

drinking water, 1984, (259) (cancer) 1

(Further control not justified, Royal Society, London, 1983, (270)) 0.7

Excludes possible effects of smoking
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factor associated with published risk values (272). What is also interesting is
that certain risks which are often perhaps overlooked, seem to be around two
orders of magnitude more hazardous in terms of cancer than environmental
asbestos exposure e.g. natural background radiation, tobacco smoke from sharing
a room with a smoker, additional radiation from diagnostic X-rays, and
additional cosmic radiation from being a frequent airline passenger.

A lifetime level of risk of 1 in 100,000 has been used as an ‘acceptable’
level by the World Health Organization in relation to guidelines for drinking
water quality, applicable worldwide. The Canadian Royal Commission (6)
suggests a level of risk for a protracted level of exposure to asbestos of 0.001
f/ml, to be not significant. At an asbestos level of 0.001 f/ml} the cancer rtisk
has been suggested to be equivalent to smoking 2 cigarettes per year (247) i.e.
a very low risk indeed. According to the Royal Society London (270), very few
people would take action at a risk level of 10-6 per annum (i.e. & lifetime risk
of 7 in 100,000), except perhaps if clear causal links are established to be due
to certain consumer products; in the case of environmental asbestos no definite
causal links seem to have been established for very low levels in the general
environment. At a risk level of 10-7 per annum (i.e. a lifetime risk of 0.7 in
100,000) the Royal Society, London (270) considers that further control would
certainly not be justified. Thus a lifetime risk of around one in 100,000 or
lower, estimated in this Report for the general population exposures to
environmental asbestos, would seem to be at a satisfactory level (257, 259).
Even if a person was theoretically exposed for a lifetime to a level of 0.001 f/ml
or perhaps 0.002 f/ml, the risk would still seem to be well within the range or
lower than the 'rare-event' extremely low level risks which society accepts (see
above). Any risks for future exposures to asbestos are of course likely to be
iower still because of improving control measures.

There is insufficient data to assess the environmental risk to non-asbestos
minerzl fibres. For the general man-made mineral fibres the probability of
there being a significant risk is very low and it is likely to continue to be sc.
For specific naturai mineral fibres the risk may be significant however, and in
some villages in Turkey there is an undesirable level of risk associated with
exposure to erionite fibres (9, 214, 215). It is possible that exposures to other
non-asbestos mineral fibres may cause undesirable health effects; for example
the ourning of sugar cane leaves, where silica fibres could pe inhaled by the
general population living near some sugar cane plantations (see section
4.2.2.(o)ii)). :

It is of interest to note that in a number of situations there would seem
to be perhaps ten times more non-asbestos mineral fibres in environmental air
by comparison with asbestos {(see Chapter 3} thus if any concern is to be
expressed regarding asbestos in environmental air, perhaps 4t least as much
concern should be directed towards non-asbestes fibres (see section &.2.
regarding health implications of non-asbestos fibres in relation to asbestos
fibres}.

4.5, General discussion in relation to the significance of
human exposure to mineral fibres in environmental air

There appears to be no firm evidence that there is a definite health risk
for the general populatjon exposed to asbestos in environmental air. In the past
however, cases of mesothelioma in the general public seemed to be associated
with exposures to asbestos living near mining areas, near factories and near
shipyards; cases even occurred in some women at home exposed presumably to
asbestos brought there by husbands or reiatives, etc. working at asbestos
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factories. The effects appeered to be releted more to exposures to crocidelite
and amosite and less to chrysotile. Except fcr natural erionite fibres in some
Turkish villages, there is no firm evidence thzt mesothelioma or other diseases
result from environmental ambient exposure to mineral fibres these days. Non-
malignant pleural changes can occur in the general population exposed to mineral
fibres in environmental air; cther non-fibrous minerals may also be implicated.
These pleural changes are rnot considered to be of any health concern.

Mineral fibres exist in a2 range of sizes; natural ones like asbestos and
erionite for example are quite often iiner than certain man-made fibres. Some
man-made mineral fibres can be rather large and often are not readily inhaled.
Many mineral fibres however can wholly or partly exist in the same range of
sizes exhibited by asbestos.. Probably the potentially most hazardous fibres are
the ones which are longer than about 5 pm and finer than perhaps 1.5 pmj
asbestos fibres are very often within this range. Animal experiments and other
considerations would suggest that where mineral fibres (whatever their type) are
within this size range, they are very likely to be pathogenic if inhaled in
sufficient quantities; the durzbility may also affect their pathogenicity. Some
fibres may become ingested as & result of inhaling them but the evidence that
they could then csuse undesirable hezlth effects is essentially non-existent.

In the zbsence of any demcnstrable health effects from environmental
exposure to asbestos, some risk estimations based on mathematical predictions
have been made. Essentizlly the predictions have been made by comparing the
exposures to asbestos in the general environmental air with those for past
occupation conditions where the level of incidence of disease in workers has
been recorded. Asbestosis is nct considered tc be a health issue for the general
public; consequently only risk predictions for lung cancer and mesothelioma
have been made. All other forms of cancer are considered to be too improbable
in relation to inhaling asbestos at low levels.

Predicted possible risks have been mzde taking account of long-term
exposures to a combination of outdoor and indoor exposures to asbestos. The
higher-level risk for persons such as teachers etc. or children who might be
exposed to somewhat eleveted airborne concentrations of asbestos in schools has
been ronsidered. Also the predicted possible risk for the combination of
asbestos exposures and tobacco smoke for smoxers has been taken into account.
There have been various publications where a wide range of values of predicted
possible risks has been reported. Particular note has been taken of 2 very recent
publication where risk predictions were made by a distinguished Committee
under the auspices of the National Research Councii in the U.S.A. Other data
were also considered and the more reliable results taken into account. For an
estimated overall long-term concentration cf 0.0005 f/ml (see Table 2), the
caiculated predicted possible lifetime total cancer risk due to inhaled asbestos
exposure alone is less than 2 in 100,000 for males (1.9 per 100,000 males; 1.5
per 100,000 females). For smokers the predicted possible lifetime cancer risk
due to asbestos exposure (see Table 2} is lesz than 10 in 100,000 and less than
5 in 100,000 for females. However there are many reasons for regarding these
various values as over-estimations of true risk (see this Report, section 4.3.).
The expected possible lifetime risk (due to exposure from asbestos alone) appears
to be about one in 100,000 or lower for the level of exposure defined above {see
section 4.3.). Even for a possible higher level of exposure (e.g. teachers and
children who could be exposed in certain schools to some additional asbestos),
the predicted risk is only marginzlly greater. The estimated risk value of around
one in 100,000 may somewhat exaggereste the risk for chrysotile asbestes
exposure ithe commonest form of asbestos exposure) and could somewhat under-
estimate the risk for crocicclite and amcsite exposure (see section 4&4.3.).

178

69



Howe er in view of the fact that exposure to much crocidolite or amosite in the
general environment is expected to be very rare, the number of pecple in a given
country possitly developing cancer would be extremely low indeed.

A level of lifetime risk of around one or less in 100,000 can be regarded
to be at & perfectly acceptable level in that it is lower than ‘rare-event' risks
like beirg killed by lightning, getting cancer from eating charcoal broiled meat,
or getting cencer from the increased cosmic radiation if one flies across the
Atlantic. Even if the lifetime exposure to asbestos was as high as 0.001 f/ml
or perhaps 0.G32 f/ml, the risk will still be within the range or lower than these
'rere-event’ risks. Also since it is anticipated to be very unusual for people to
be exposed to levels as high as 0.002 f/ml, the numbers of people at risk would
be low and hence the. numbers of any possible cases of cancer would be
expected to be exceedingly small. A level of lifetime risk of 1 in 100,000 has
been utilized as an 'acceptable' level by the World Health Organization (1984)
in relation to guidelines for drinking water quality woridwide {259). According
to an assessment by the Royal Society of London (1983) at & general lifetime
risk level of 0.7 in 100,000, it is considered that further control would not be
justified (270). In Jepan (1985) it has been reported that zt the level of asbestos
in the ambient environment there is little risk to the nation in general (266), and
it is stated that ‘the risk of other people, (non-occupationally exposed persons)
if any, is very small' {231). For Britain it has been recently estimated that the
exposure to chrysotile inside an asbestos containing building is seldom more than
0.0005 f/ml zbove background level; the exposure for a working week in an
cffice for 20 vears in adult life or for 10 vears at school calculates to produce
a lifetime risk of death of one in 100,000 (279). It is suggested that if 20% of
the British population experienced such an exposure (so low is the -anticipated
populztion risk) that only one death a year in Britain would be caused by it (279).

Because of some concern regarding the biological properties of asbestos
{and for other reasons too), mineral fibre substitutes for asbestos have been
contempizted and indeed are now becoming fairly widely used. It should be
noted however that mineral fibres of comparable dimensions to asbestos often
have similar undesirable biclogical properties in animal tests (100) and some
concern has been raised regarding the use of such substitutes {118, 240, 265).
Any substituts for asbestos needs to be considered very carefully and various
relevant fzctors have been very recently reviewed (10). In reiation to health
implications special thought needs to be given to substitutes and even apparently
innocuous materials may be perhaps not wholly safe; for example the use of
wood dust 25 a substitute may possibly be associated with nasal cancer if the
exposure wss very high (249). There is no firm evidence that occupationally
exposed workers toc non-asbestos mineral fibres definitely get fibrosis or cancer;
however recent studies suggest the possibility of some effects. Thus the
sicnificance c¢f non-asbestos fibres should not be overlooked, especially since
their use is increasing: however the current levels of exposure seem to be very
iow. One non-asbestos mineral has given rise to particular concern; this is the
naturally occurring mineral erionite where cases of mesothelioma have arisen in
some villegers in Turkey.

The gensral health risk from exposure to environmental asbestos and other
mineral fibres would appear to be very low indeed and probably will continue to
remazin sc. However the risk may not be zero and consequently certain
srecautions are prudent. If the currently available control measures and codes
f practice ere strictly ‘followed then no further drastic general measures would
eem to be rscessary for the public's protection.
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It is possible perhaps in some less developed parts of the world that
undesirable levels of exposure to acbestos and other mineral fibres such as

erionite may occasionally still exist. Particular vigilance should be exercised to
identify and control any such situations if they happen to exist.
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(a)
(b)

(a)
{®)

(c)

%

APPENDIX
Mass of single asbestos fibres capable of being inhaled
Chrysotile (ultimate tiny fibril), 0.01 pm dia., 0.2 pm long
Amphibole (ultimate fibril), 0.1 pm cross section, 3 pm long

Chrysotile (largest normally entering lung), 3 pm dia.,
E 50 pm long

Numbers of fibres inhaled per day (fibres 0.25-3 pym dia.,
longer than 5 mp, aspect ratio greater than 3:1)

8

0.0005 f/ml suggested as typical exposure

0.5 f/ml suggested as possible worker exposure nowadays

300 f/ml suggested worker exposure (very heavy expcsure
in the past)

Lifetime exposures to numbers of fibres inhaled (as in 2 above)

2x108 based on 73 years

4x1010  based on 5 days per week, 48 weeks per year, 40 years at work

1x1013 based on 5 days per week, 48 weeks per vear, 20 years at work

based on 15m> air per day inhaled overall

based on 8m°> air per day inhaled at work
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4x10-17g

10-14g

1.5x10"%q

7500*

4x106%=
(at work)

2500x106%*
(at work)
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STATE OF CALFORNIA OEORGE DEUKMENAN, Gewvermor
ey d

AIR RESOURCES BOARD
1102 Q@ STReeY @

P.O. B3OX 2815
SACRAMENTO, CA 95812

- November 6, 1985

B. J. Pigg, President

Asbestos Information Association
1745 Jefferson Davis Highway
Crystal Square 4, Suite 509
Arlington, Virginia 22202

Dear Mr. Pigg:

comments .on the Draft Asbestos Report

Thank you for your comments on the Draft Asbestos
Report. We have referred your comments on Part B to the
Department of Health Services (DHS) for response. Your comments
and this letter will be included in Part C of the Report to the
Scientific Review Panel. The DHS response to your comments will
be transmitted to the Panel and incorporated into Part C when
they are completed. We will send you a copy of the report when
it becomes available along with DHS' comments. I will be
responding to your comments in the order in which they appear in
your letter, followed by the footnote comments at the end.

~ Page 1, Paragraph 2: Public involvement is an
important aspect of the Air Resources Board's toxic air
contaminant program. The staff will communicate with your
Association throughout the process of evaluating asbestos. With
respect to the U.S. Environmental Protection Agency's (EPA)
program to revise the NESHAPS regulations for asbestos, we have
been in contact with EPA staff working on the revisions and
intend to continue to follow closely EPA's efforts to revise the
existing NESHAPS regulations for asbestos.

Page 3, Paragraph 4 to end of Page 4: The SAI study
was a limited monitoring program of ten locations in California.
At each location, two to five samples were collected for short
periods of time (1 to 4 hours). Based on the limited sampling
results, we believe that it is difficult to conclude that
asbestos emission sources contribute very little or no emissions
to ambient asbestos levels.

The monitored levels of asbestos at individual sites do
vary considerably and this was pointed out in the draft report.
SAI stated that comparison of asbestos data with simultaneously
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B. J. Pigg, President -2- November 6, 1985

collected meteorological data indicated that ambient asbestos
concentrations are influenced by changes in meteorological
parameters such as wind and humidity. (This rationale also
applies when comparing asbestos results from different locations
in th?t conditions from one location to another are not the
same.

In summary, we realize the limitations of the SAI
study; however, the intent was to document asbestos levels in the
ambient air. The study accomplished this goal from our point of
view, I assure you that prior to proposing suggested control
measures or making other risk management decisions, that causal
relationships, when they exist, between sources and exposure
levels will be investigated and documented.

Footnote #1: In the report, the ARB staff discussed
the purpose of the averaging method that was used to estimate
asbestos fibers which were not detected during laboratory
analysis (refer to page III-15). In using this averaging method,
we did not intend to imply that amphiboles are present at the
mill in King City. It was stated earlier in the report that only
chrysotile fibers were detected at this location.

- In the revised report, we have made a note in Table
11I-3 that we do not expect to find amphiboles at the mill in
King City. However, for consistency of applying the averaging
method to all sampling results, we did not change the averaged
values in Table III-3,

Footnote #2: Air Resources Board staff contacted
representatives of both mining companies and requested that they
submit their emission estimates or other information to staff for
review. The information the companies provided included process
rates but not emission factors or emission estimates. The new
process rates were used in the calculations in the revised report.

The emission estimates for mining and milling were
based on the best emission factors available. All estimates
assume California companies use the best controls available and
therefore, the lowest emission factors were used. Because the
emission factors were based on the dry processing of asbestos,
the emissions from the King City milling operation (wet process)
are probably overestimated. However, the King City mill operator
could not provide better emission factors for their wet process
and therefore, the estimates are not adjusted at this time.



B. J. Pigg, President -3~ November 6, 1985

In order to compare monitoring data to emissions, one
needs to know the emissions at the time the monitoring is
conducted. ARB emission estimates are based on average process
and emission rates. At any particular time, these average values
may be different than the actual emissions coming from the plant
and therefore should not be used for comparisons.

If you have any questions or comments, please contact
Todd Wong at (916) 322-0289.

Sincerely,

&} Hlvan. @ ;

William V. Los off, Chiy
Toxic Pollutants Branch
Stationary Source Division

D

" ¢cc: Peter D. Venturini
Michael Lipsett, DHS
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&L
Calaveras
Asbestos Ltd.

October 21, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

P.O. Box 2815

Sacramento, CA 95812

Attention Asbestos
Dear Mr. Loscutoff:

I am writing in response to your invitation to submit comments regarding
the Air Resources Board's (ARB's) Draft Report on Asbestos.

As one of the largest asbestos producers in the United States and as a
member of the Asbestos Information Association/North America (AIA/NA),
we provided input to the AIA/NA's comments submitted to you.

Please be advised that Calaveras Asbestos, Ltd. concurs with AIA/NA's
comments regarding ARB's Draft Report on Asbestos.

Of particular concern was the assumption that amphiboles are present at
mines and the questionable amounts of fibre emissions indicated for mines
and mills.

Thank you for the opporiunity to comment on ARB's Draft Report on
Asbestos.

Sincerely,

LAVERAS AS

g

Joeff E. Toney
Vige President
Efvironmental/Safety

LTD.

JET /kf
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STATE OF CALIFORNIA : GEORGE DEUKMEJIAN, Governor

AIR RESOURCES BOARD
1102 Q@ STREET

P.0. BOX 2815

SACRAMENTO, CA 95812

November 5, 1885

Joey E. Toney

Vice President
Environmental Safety
Calaveras Asbestos Ltd.
P. O. Box 127
Copperopolis, CA 95228

Dear Mr. Toney:

Comments on the Draft Asbestos Report

Thank you for your comments on the draft asbestos
report.

We forwarded a copy of AIA's comments to the.Department
of Health Services so they can respond to the comments on Part B
of the report, Health Effects of Asbestos. We will send you a

copy of the Department's response to AIA's comments as soon as
they are available.

. Attached to this letter is our response to AIA's
concerns regarding Part A of the asbestos report, A Review of
Asbestos Uses, Emissions, and Public Exposure.

If you have any other questions or comments, please
contact Todd Wong at (916) 322-0289.

Sincerely,

ilt.

william V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

-

Attachment

cc: Peter D, Venturini
Michael Lipsett, DHS
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STATE OF CALFORNIA

AlR RESOURCES BOARD
1102 @ STREET

P.0. 80X 2815

SACRAMENTO, CA 95812

November 6, 1985

B. J. Pigg, President

Asbestos Information Association
1745 Jefferson Davis Highway
Crystal Square 4, Suite 509
Arlington, Virginia 22202

Dear Mr. Pigg:

Comments on the Draft Asbestos Report

Thank you for your comments on the Draft Asbestos
Report. We have referred your comments on Part B to the
Department of Health Services (DHS) for response. Your comments
and this letter will be included in Part C of the Report to the
Scientific Review Panel. The DHS response to your comments will
be transmitted to the Panel and incorporated into Part C when . . . _.
they -are completed. We will send you-a copy of the report when
it becomes available along with DHS' comments. I will be
responding to your comments in the order in which they appear in
your letter, followed by the footnote comments at the end.

Page 1, Paragraph 2: Public involvement is an
important aspect of the Air Resources Board's toxic air
contaminant program. The staff will communicate with your
Association throughout the process of evaluating asbestos. With
respect to the U.S. Environmental Protection Agency's (EPA)
program to revise the NESHAPS regulations for asbestos, we have
been in contact with EPA staff working on the revisions and
intend to continue to follow closely EPA's efforts to revise the
existing NESHAPS regulations for asbestos.

Page 3, Paragraph 4 to end of Page 4: The SAI study
was a limited monitoring program of ten locations in California.
At each location, two to five samples were collected for short
periods of time (1 to 4 hours). Based on the limited sampling
results, we believe that it is difficult to conclude that
asbestos emission sources contribute very little or no emissions
to ambient asbestos levels.

The monitored levels of asbestos at individual sites do
vary considerably and this was pointed out in the draft report.
SAI stated that comparison of asbestos data with simultaneously
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B. J. Pigg, President -2- November 6, 1985

collected meteorological data indicated that ambient asbestos
concentrations are influenced by changes in meteorological
parameters such as wind and humidity. (This rationale also
applies when comparing asbestos results from different locations
in th?t conditions from one location to another are not the
same.,

In summary, we realize the limitations of the SAI
study; however, the intent was to document asbestos levels in the
ambient air. The study accomplished this goal from our point of
view. I assure you that prior to proposing suggested control
measures or making other risk management decisions, that causal
relationships, when they exist, between sources and exposure
levels will be investigated and documented. .

Footnote #l: In the report, the ARB staff discussed
the purpose of the averaging method that was used to estimate
asbestos fibers which were not detected during laboratory
analysis (refer to page III-15). In using this averaging method,
we did not intend to imply that amphiboles are present at the
mill in King City. It was stated earlier in the report that only
chrysotile fibers were detected at this location.

In the revised report, we have made a note in Table
III~-3 that we do not expect to f£ind amphiboles at the mill in
King City. However, for consistency of applying the averaging
method to all sampling results, we did not change the averaged
values in Table III-3.

Footnote #2: Air Resources Board staff contacted
representatives of both mining companies and requested that they
submit their emission estimates or other information to staff for
review. The information the companies provided included process
rates but not emission factors or emission estimates. The new
process rates were used in the calculations in the revised report.

The emission estimates for mining and milling were
based on the best emission factors available. All estimates
assume California companies use the best controls available and
therefore, the lowest emission factors were used. Because the
emission factors were based on the dry processing of asbestos,
the emissions from the King City milling operation (wet process)
are probably overestimated. Howvever, the King City mill operator
could not provide better emission factors for their wet process
and therefore, the estimates are not adjusted at this time.
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B. J. Pigg, President -3- November 6, 1985

In order to compare monitoring data to emissions, one
needs to know the emissions at the time the monitoring is
conducted. ARB emission estimates are based on average process
and emission rates. At any particular time, these average values
may be different than the actual emissions coming from the plant
and therefore should not be used for comparisons.

1f you have any guestions or comments, please contact
Todd Wong at (916) 322-0289.

Sincerely,

é/}(/ﬂww@

William V. Los off, Chii
Toxic Pollutants Branch
Stationary Source Division

cc: Peter D. Venturini
Michael Lipsett, DHS
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PO. BOX K = KING CITY. CA 93930
TEL (408) 385-5961
TLX 510-600-1346

November 5, 1985

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

Air Resources Board

P.0. Box 2815

Sacramento, CA 95812
Dear Mr. Loscutoff:

This is in response to your letter dated September 19, 1985, requesting
comments on Parts A and B of the draft report on asbestos. Your Mr.
Barham advised me that this response could be accepted even though after
your October 21, 1985 deadline.

First of all, I would like to commend the ARB and DHS staff for the generaliy
accurate, current, and complete nature of both reports.

KCAC mines, mills and markets "Calidria" Asbestos, which is short fiber
chrysotile. We strongly concur with the comments sent to you on October
18, 1985 by the Asbestos Information Association of North America (AIA/NA)
and encourage you and/or the Scientific Review Panel to carefully consider
them.

Our chrysotile ore milling facility, located in Monterey County (not San

Benito County as noted on p. I-7 of Part A), was visited on October 22,

1985 by your Mr. Gary Murchison, two members of his staff, and two representatives
from the MBUAPCD. I assume that you will receive information from them

to revise your section on "Mining and Milling," which starts on p. I-7

of Part A. Our mining operation does not involve drilling and blasting

and our milling operation is a wet process, which is not described in

your report.. The entire asbestos operation is now operated by KCAC, not

Union Carbide Corporation. '

Our main concern with Part A of your report involves the emission factors
discussed on p. I-10. It is my understanding that these are based only

on engineering estimates for Canadian operatiomns and that no airborne

fiber measurements were involved with any of your references. It does

not seem appropriate to apply these "assumed" factors to California operations
unless you have determined that the operations are similar. As stated
earlier, our mining and milling operations are completely different than

any other asbestos operation. Perhaps your have some justification, not
included in the report, for your use of these emission factors for our
operation.

It is unfortunate that your table I-! on p. I-8 would indicate to the
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Mr. William V. Loscutoff, Chief
November 5, 1985
Page 2

public and others that we are emitting about one-half of 115 tons of asbestos
per year from our mining operation and about one-half of 280 tons per

year from our milling operation. Based on our current production and
operating schedule, and assuming your mill emissions factor is correct,

our mill emissions would be calculated as follows:

30,000 Tons ore X 12 lbs. X year = 1800 1lbs/day
year ton 200 days

This is equivalent to 36 fifty-pound bags, almost one full pallet load.

If we were actually emitting that much fiber, can you imagine the reaction
from MBUAPCD or anyone in the area? I am sure the "dust cloud" would

be visible for miles and the fields down wind from us would be white for
miles around.

The North American asbestos industry has been severly damaged by the public
release and/or misuse of information such as the above. We urge you to ’
carefully reconsider the emission factors you have used and publish the
revised information. ' :

We have a total of six baghouses in our mill serving various dust collection
systems. These are checked several times per day for visible emissioms.

The dust is automatically collected, slurried with water and returned

to our system. Mr. Murchison has a description of our systems and has
requested that we determine the amount of dust collected in our main baghouse.
We will attempt to do this during the next several weeks and provide him

with the informatiun. This may enable vou to deteraine a more accurate
estimate of our emissions.

As mentioned earlier, Union Carbide Corporation, noted several times in
your report, sold all of its assets in the asbestos operation to a private
group of investors effective June 30, 1985; and KCAC, Inc., now owns and
operates these assets. '

Reference p. I-11: I am not aware of any floor tile manufacturers using
asbestos in Califormia.

" Reference p. III-17 & III-20: This is ih support of the AIA/NA letter

and one sent to you by Mr. Toney of Calaveras Asbestos on October 21,

1985. Because amphiboles could not be detected at our chrysotile operation,
you are arbitrarily saying that one-half the detectable limit was present.
I1f you found that cyanide was not detectable (and I'm sure you would),

would you say that we were emitting one-half the detectable level?

Reference p. III-23: I question the conversion and use of TEM measurements
to PCM equivalents.
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Mr. William V. Loscutoff, Chief
November 5, 1985
Page 3

Thank you for the opportunity to comment on your draft report on asbestos.

Please keep us advised and let me know if you would like additional information
or have any questionms.

Very truly yours,

el L i

John L. Myers

President

cc: G.S. Murchison, P.E.
L.D. Odle, MBUAPCD
R.J. Kronkhyte
E.C. Madlangbayan

JIM/dat
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STATE OF CALIFORMNIA GEORGE DEUKMEJIAN, Gowernor
et ettt U — e

AIR RESOURCES BOARD
102 Q STREET

rO. BOX 2815

SACRAMENTO, CA 95812

November 19, 1985

Mr. John L. Myers
KCAC, Inc.

P. 0. Box K

King City, CA 93930

Dear Mr. Myers:

Thank you for your comments on the Draft Asbestos
Report to the Scientific Review Panel (SRP). Your comments were
received on November 8, 1985 which was too late to incorporate
them into Part A or Part C of the Report to the SRP. However,
copies of your comments and our response will be given to the SRP
prior to the November 20th SRP meeting.

Parts A, B, and C were sent to the SRP for review on
November 6th. These reports were also sent to you for review.
The reports are not f1nal by any means and revisions can be made
before submittal to our Board. Your comments and our response
will be incorporated into Part C at that time. I will now
respond to your comments in the order they appear in your letter.

Page 1, Paragraph 3: The ARB staff has responded to
the comments sent by the Asbestos Information Association of
North America (AIA/NA)., A copy of our response is attached for
your information.

Page 1, Paragraph 4: In the Report to our Board, we
will clarify that the KCAC milling facility is located in
Monterey County. Also, we will include a brief description of
the wet process used by KCAC,

Page 1, Paragraph 5 to Page 2, Paragraph 3: The
emission factors for mining and milling were selected based on
the best information available. The ARB staff assumed that
California mines and mills use the best controls available:
therefore, the lowest emission factors were used. Because these -
factors were based on the dry processing of asbestos, the
emissions from the KCAC mining and milling operations (wet
process) are probably overestimated. We understand that over the
next month, your company will be quantifying the amount of
asbestos that is collected in the baghouses at the King City
Mill. This information will be useful in reviewing the emission
factors for your mill operation. Without additional information,
the emission factors in Part A could not be revised at this time.
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Mr. John L. Myers -2~ November 19, 1985

We will continue to work with you to develop emission
factors that are more appropriate for your operations. As stated
earlier, the report can be revised if better information becomes
available. I want to assure you that prior to proposing
suggested control measures, the emissions from asbestos mining
and milling operatlons will be extensively reviewed and
investigated,

Page 2, Paragraph 5: We will clarify that KCAC, Inc.
now owns and operates the asbestos mining and milling operations,
instead of the Union Carbide Corporation,

Page 2, Paragraph 6: 1In 1982, the South Coast Air

Quality Management District conducted a survey of manufacturers
in Southern California that use asbestos in their products. One
company, Armstrong World Industries, indicated that they produced
vinyl asbestos floor tiles. The ARB staff contacted Armstrong
World Industries and found out that they no longer produce vinyl
asbestos floor tiles. We will note this on Table I-3 of the Part
A report prior to submittal to the Board.

Page 2, Paragraph 7: Please refer to the attached ARB
response letter to AIA's comments regarding the use of the
averaging method (Page 2, Footnote $1).

Page 2, Paragraph 8: The rationale that the Deparitment
of Health Services used in converting from TEM measurements to
PCM equivalents is discussed in Section 9.g. and Appendix A of
the Part B report. If you have specific questions, please
contact us and we can refer the questions to DHS.

Thank you again for your comments. If you have any
questions, please call Todd Wong at (916) 322-0289.

Sincerely,

iier { Fwars

William V. Loscutoff, Chlef“'

Toxic Pollutants Branch

Stationary Source Division
Attachment

cc: Peter Venturini
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STATE OF CALIFORNIA

AIR RESOURCES BOARD
1102 @ STREET

P.0. BOX 2815

SACRAMENTO, CA 95812

November 6, 1985

B. J. Pigg, President

Asbestos Information Association
1745 Jefferson Davis Highway
Crystal Sqguare 4, Suite 509
Arlington, Virginia 22202

Dear Mr. Pigg:

Comments on the Draft Asbestos Report

Thank you for your comments on the Draft Asbestos
Report. We have referred your comments on Part B to the
Department of Health Services (DHS) for response. Your comments
and this letter will be included in Part C of the Report to the
Scientific Review Panel. The DHS response to your comments will
be transmitted to the Panel and incorporated into Part C when .. .. .__-
they are completed. We will send you a copy of the report when
it becomes available along with DHS' comments. I will be
responding to your comments in the order in which they appear in
your letter, followed by the footnote comments at the end.

Page 1, Paragraph 2: Public involvement is an
important aspect of the Air Resources Board's toxic air
contaminant program. The staff will communicate with your
Association throughout the process of evaluating ashestos. With
respect to the U.S. Environmental Protection Agency's (EPA)
program to revise the NESHAPS regulations for asbestos, we have
been in contact with EPA staff working on the revisions and
intend to continue to follow closely EPA's efforts to revise the
existing NESHAPS regulations for asbestos.

"Page 3, Paragraph 4 to end of Page 4: The SAI study
was a limited monitoring program of ten locations in California.
At each location, two to five samples were collected for short
periods of time (1 to 4 hours). Based on the limited sampling
results, we believe that it is difficult to conclude that
asbestos emission sources contribute very little or no emissions
to ambient asbestos levels,

The monitored levels of asbestos at individual sites do
vary considerably and this was pointed out in the draft report.
SAI stated that comparison of asbestos data with simultaneously
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B. J. Pigg, President -2- November 6, 1985

collected meteorological data indicated that ambient asbestos
concentrations are influenced by changes in meteorological
parameters such as wind and humidity. (This rationale also
applies when comparing asbestos results from different locations
in th?t conditions from one location to another are not the
same.

.In summary, we realize the limitations of the SAl
study; however, the intent was to document asbestos levels in the
ambient air. The study accomplished this goal from our point of
view. I assure you that prior to proposing suggested control
measures or making other risk management decisions, that causal
relationships, when they exist, between sources and exposure
levels will be investigated and documented.

_ Footnote £1: 1In the report, the ARB staff discussed
the purpose of the averaging method that was used to estimate
asbestos fibers which were not detected during laboratory
analysis (refer to page III-15). In using this averaging method,
we did not intend to imply that amphiboles are present at the.
mill in King City. It was stated earlier in the report that only
chrysotile fibers were detected at this location. :

In the revised report, we have made a note in Table
I1I-3 that we do not expect to find amphiboles at the mill in
King City. BHowever, for consistency of applying the averaging
method to all sampling results, we did not change the averaged
values in Table III-3.

Footnote $2: Air Resources Board staff contacted
representatives of both mining companies and requested that they
submit their emission estimates or other information to staff for
review. The information the companies provided included process
rates but not emission factors or emission estimates. The new
process rates were used in the calculations in the revised report.

' The emission estimates for mining and milling were
based on the best emission factors available. All estimates
assume California companies use the best controls available and
therefore, the lowest emission factors were used. Because the
emission factors were based on the dry processing of asbestos,
the emissions from the King City milling operation (wet process)
are probably overestimated. However, the King City mill operator
could not provide better emission factors for their wet process
and therefore, the estimates are not adjusted at this time.
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In order to compare monitoring data to emissions, one
needs to know the emissions at the time the monitoring is
conducted. ARB emission estimates are based on average process
and emission rates. . At any particular time, these average values
may be different than the actual emissions coming from the plant
and therefore should not be used for comparisons.

: .If you have any questions or comménts, please contact
Todd Wong at (916) 322-0289.

Sincerely,

William V. Los
Toxic Pollutants Branch
Stationary Source Division

cc: Peter D. Venturini
Michael Lipsett, DHS
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State of California Department of Health Services

Memorandum

To

: Mr. William Loscutoff, Chief Date : November 15, 1985
Toxic Pollutants Branch .
California Air Resources Board Subject: pesponses to Public
P.0. Box 2815 Comments on Part B of the
Sacramento, CA 95812 AB 1807 Document on Asbestos

: Epidemiological Studies and

Surveillance Section

Your staff transmitted to the Department of Health Services (DHS) only one set of
comments from the public on part B of the AB 1807 document on asbestos. The let-
ter from the commenter, Mr. B.J. Pigg, President of the Asbestos Information
Association (AIA), states in pertinent part:

California’s new assessment [and other government risk assessments
on asbestos] 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 sig-
nificant data indicating 1lesser 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 details in his report [to the federal Occupational
Safety and Health Administration, attached to Mr. Pigg’s
comments], risks of exposure to chrysotile fibers, even accepting
the upper limit assumption of a Tinear dose-response relationship,
are likely to better be estimated for non-smokers as at least an
order of magnitude lower than the assessment employed by OSHA. 1/

1/ 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 con-
sidering 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 acknowledge
that risks among miners and millers of chrysotile have been found
to be much lower than for other asbestos occupational groups.
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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 as-
sessments are appropriate. In extrapolating risks to even lower
Tevels than OSHA extrapolated, considerable 1likelihood 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.

In the following pages, DHS staff respond to the comments submitted by Mr. Pigg.
We have also referenced the testimony of Dr. Kenny Crump where relevant to Mr.
Pigg’s assertions. We have not responded to everything contained in Dr. Crump’s
lengthy (51 pp.) document, largely because it was written in response to a
proposed revision of the federal occupational exposure standard. Futhermore, Mr.
Pigg’s letter indicated that Dr. Crump’s comments were enclosed "for your jnforma-
tion," not demanding a response. Finally, the overall import of Dr. Crump’s
comments - that the OSHA risk assessment represents an upper limit - does not
differ from the position of Mr. Pigg, to whom we have responded in detail below.

Response:

DHS staff members do not disagree with AIA’s assertion that the asbestos risk
assessment should be considered to represent an "upper limit assessment.” Indeed,
to err on the side of protection of public health, such risk assessments are
intended not to underestimate risks and may therefore in some instances provide
overestimates. This issue has already been addressed:

"In this document we present the best estimates and approximate
upper confidence limit estimates and explain that such lifetime
cancer risk values represent a range of conservative estimates and
are unlikely tc be exceeded by actual risks." (Part B, p.2)

Thus, AIA’s main point does not appear to conflict with one of the principal
stated purposes of the document. The specific justifications for AIA’s position
have already been discussed in the text of part B, but will be covered briefly
below.

(1) Use of a linear dose-response relationship.

DHS staff summarized the rationale for using dose-respense models that are linear
with dose, as follows:
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The data upon which these models are based (i.e., the results of
occupational epidemiological studies) are consistent with such a
model, but do not rule out nonlinear dose-response relationships.
For example, Nicholson has noted that the results of 1inear ex-
trapolation cannot be distinguished from those derived using the
logit, Tlog-probit, or multistage models within the observable
range for occupational asbestos exposures (Nicholson, 1981).
Previous risk assessments have relied on a linear model because it
is biologically plausible, conservative, and mathematically trac-
table (Royal Commission, 1984; NRC, 1984; Nicholson, 1985; CPSC,
1983). DHS staff members have found this rationale persuasive.
{Part B, pp. 35-36)

Nothing in Mr. Pigg’s comments or the supporting documentation of Dr. Crump (pp.
8-9, 25-26, 35-36) suggests that another model fits the observed data better or
would be superior for purposes of risk assessment.

(2) Similar carcinogenic'gotencies for all forms of asbestos.

This issue 1is thoroughly discussed in section 9.c. of part B. To summarize
briefly, there is no compelling epidemiologic evidence to differentiate among
fiber types with respect to their ability to induce lung cancer. However, several
epidemiologic studies suggest that chrysotile may be less potent than the am-
phiboles 1in mesothelioma induction. Nevertheless, DHS staff chose not to do a
fiber-specific risk assessment because: ' '

First, there is limited evidence with respect to the airborne
asbestos concentrations to which the study populations were
exposed. The incidence of mesothelioma may therefore be more a
function of fiber number (amphibole fibers tend to become airborne
more easily and in greater numbers than do chrysotile fibers) than
of fiber type (Royal Commission, 1984).. Second, while some cases -
of mesothelioma occurring in persons exposed to chrysotile and one
or more amphiboles have been attributed primarily to the latter,
this conclusion is rather incautious from a public health
standpoint. As Peto et al. (1982) have observed, "It may there-
fore be dangerously optimistic to attribute the substantial
incidence of pleural mesothelioma among chrysotile factory workers
to occasional crocidolite exposure, merely because mesothelioma is
rare among chrysotile miners...The overall excess of lung cancer
is also relatively low among chrysotile miners.” Finally, animal
studies involving experimental induction of mesotheliomas have
repeatedly shown that chrysotile is at 1least as potent as
crocidolite and amosite in producing peritoneal as well as pleural
tumors (Bolton et al. 1982:IARC, 1977; Royal Commission, 1984).
(Part B, pp. 64-65).
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This approach was also adopted in risk assessments conducted by the National
Academy of Sciences, the Consumer Product Safety Commission and Nicholson (for the
Environmental Protection Agency), all referred to in the text of part B. Dr.
Crump’s comments on the OSHA risk assessment review some of the epidemiologic
evidence suggesting that exposure to amphiboles may present a greater risk of
mesothelioma than does exposure to chrysotile. While reasonable persons could
differ with respect to whether differentiation by fiber type would be appropriate,
the more conservative (i.e., health protective) approach has been consistently
adopted by -regulatory and - scientific organizations in this country. DHS staff
members have found nothing in AIA’s submission that would compel the adoption of
another, fiber-specific approach.

(3) Inclusion of lung cancer risk attributable to cigarette smoking within overall
calculated risks.

Mr. Pigg asserts that DHS’ calculated risks for Tung cancer due to asbestos ex-
posure include risks attributable to cigarette smoking. The implication is that
DHS has overestimated the potency of asbestos by not takig into account the car-
cinogenic effects of cigarettes. The grounds for this assertion are unclear to
DHS staff. On the basis of the observations by Hammond et al. (1979) that
cigarette smoking and exposure to asbestos in an occupational setting appear to
interact synergistically in pulmonary carcinogenesis, DHS predicted risks by
smoking status. The model used to predict lung cancer risks includes a term for
background lung cancer rates, which are significantly elevated in smokers. Thus,
throughout part B the separation of risks due to asbestos exposure by smoking
status is clearly delineated (cf. pp. 2, 12, 41, 42, 48, 50, 51, 70, 73). In
referring to Dr. Crump’s commentary, Mr. Pigg observes that estimated risks of
Jung cancer in non-smokers are about one order of magnitude less than in smokers.
This observation is also made repeatedly in part B. Thus, unless Mr. Pigg is
arguing that smoking and asbestos exposure display no interaction in car-
cinogenesis (a proposition for which no evidence has been submitted), DHS staff
find his implication that we have failed to account for the effects of cigarette
smoking unpersuasive, at best.

Finally, Mr. Pigg states in a footnote that DHS failed to consider the
epidemiologic studies of Canadian asbestos miners and millers and that it is
"inappropriate not to acknowledge that risks among miners and millers of
chrysotile have been found to be much lower than for other asbestos occupational
groups." In section 9.a.i.5 of part B, not only is it acknowledged that the Tung
cancer risks among miners and millers are lTower than among most other occupational
groups, but also the rationale for using a median proportionality constant ("C,")

that excluded values from mining and milling studies is explained. To rephrase
the rationale presented in part B: DHS staff assumed that fibers generated in
mining operations would not be typical of general environmental exposures, par-
ticularly in urban environments. The low risks of lung cancer experienced by the
mining and milling cohorts are thought to reflect the relatively unprocessed
physical state of the fibers, many of which are targe and nonrespirable. Tc the
extent that this assumption is invalid - i.e., if a substantial fraction of am-
bient asbestos fibers sampled are found to be large and nonrespirable - the
proportionality constant for lung cancer would have to be adjusted. Part A of the
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asbestos document compiled by the Air Resources Board does not contain adequate
information to resolve this issue entirely, although section III.C indicates that
"nearly all (ambient sample) fibers were less than or equal to five micrometers in
length." Thus it appears that, based on information provided by the Air Resources
Board, DHS’ decision to exclude the results of epidemiologic studies of Canadian
miners and millers from the calculation of the median lung cancer proportionality
constant is not without empirical support.

P ctad L,

Michael Lipsett, M.D., J.D.
Acting Chief
Air Toxics Unit
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ﬁ’ ASBESTOS INFORMATION ASSOC!ATION

S B ERY

1745 Jefferson Dans H-ahwe, C._.s.a! S:_zc &4 Su‘- 509
Arlington, Virgria 22432 e (7C2 273-715C

December 19, 1985

William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
Attention: Asbestos

Air Resources Board

P.0O. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

The Asbestos Information Association/North America
(AIA/NA) appreciates your willingress to consider comments
we filed on October 18, 1985, concerning the Board's draft
report on asbestos. I have forwarded your request for more
up-to-date estimates of emissions from asbestos mines and
mills to AIA/NA's two members in California who operate
asbestos mines.

As we detailed in our previous letter to you, a number
of criticisms have been made of the risk assessment
methodology employed in government analyses including that
in the draft document prepared by the Air Resotvrces Boarxd.
In that connection, we sent to you a copy of a detailed
critique of such risk analyses by Dr. Kenny S. Crump, a
recognized assessment expert who has often worked for EPA
and OSHA. Dr. Crump emphasized@ that such risk analyses must
be understood to be "upper limit assessments" because they
assume a linear dose-response relationship even to very low
environmental levels, assume the same potency for all forms
of asbestos despite significant data indicating lesser
potency for chrysotile £fibers, and include within the
calculated risk a substantial portion of the lung cancer
risk attributable to smoking. I am enclosing a recently
published article by J. Corbett McDonald, a distinguished
epidemiologist from McGill University, who has studied
asbestos extensively. His article raises the same doubts as
‘does Dr. Crump about estimating risks for low level
environmental asbestos exposures.
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-~

Page 2

Some of the same general criticisms were raised on
November 20, 1985 by the Scientific Review Panel. Like
Dr. Crump, the experts on that Panel questioned the accuracy
of the risk assessment methodology, emphasizing that only a
linear, and not a multi-stage model was used to extrapolate
to low exposures. They further commented on the failure of
the assessment to take into account the substantial portion
of lung cancer health effects due to smoking. And, again as
did Dr. Crump, they gquestioned whether the assessment took
proper account of the lower carcinogenic risks of chrysotile
as opposed to the amphiboles. The Scientific Review Panel
in addition raised a few other issues that are relevant to
review and revision of the risk assessment. They emphasized
that any emissions from mines and mills in California would
be solely of chrysotile fibers and not of amphiboles. They
also questioned use of an 85-year lifespan rather than 70
years for predicting risks. Finally, they suggested the
need for the California Air Resources Board to be aware that
many of the risks predicted, given the very low emissions,
are likely to be of de minimis publlc health significance, a
factor that should be significant in asse551ng whether any
need exists for regulatory control of such emissions.

AIA/NA appreciates the opportunities it has been given
to comment on the Board's draft document. As indicated
previously, we look forward to continued cooperation with
the Air Resources Board.

Sincerely,

/%;?

President

Enclosure
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RIS A S e

Ewvironmental Health Perspectives
Vol. o2, pp. 219-328, 1985

Health Implications of Environmental

Exposure to Asbestos

by J. Corbett McDonald*

mhedthimputofenvlmnmenulpolluﬁonmlﬁnzfnmthﬂudm u'teofubeuuunbeaumed

contacts of asbestos workers. Expum in the nei:hborhood of crocidolite mines and factories has lluyi
resulted in cases of mesothelioma it no similar evidence exists for chrysotile or amosite. Neither air nor
mwﬂummmwymmmnnm&enhumpmuwmmm
mamwunmmwmmmwmm
cohorts. For several reasons, even for fung cancer, this approach is dubious: the observed gradients hnve
a 100-fold range in slope; the equivalences of dust, fiber and gravimetric measures are largely guesswork:
and the carcinogenic potential of mineral fibers, uﬂm!ﬁyfw&epkmmum‘ﬂhﬁher
type and’or dimensions. No adequate exposure-respo have been made for mesothelioma.
A third wpmhmakumoftbediﬂmuinademeofnm&elmm men and women. Data from
several countries indicate that, until the 19508 (ie., Mymmernmxﬁummdnmdueofm
began), the rates were similar in both sexes.. Suwe then, the incidence in males has risen steeply—in the
U.S. and U.K. at about 10% per annum. In females, on the other hand, there has been little or mo convincing

increase. These data suggest that the “background” level of mesothelioma. in both sexes is and has been.

about 2 per million per annum and that—as at least some mesothelioma cases in females are directly or
indirectly attributable to occupational exposure—there is little room left for any contribution from the
general environment. It is recommended that mesothelioma surveillance, backed by appropriate epide-
miological inquiries, offers an effective method of monitoring the health impact of asbestos air pollution.

introduction

Fibrous mineral silicates are a common conrstituent
of the earth’s surface. Fibers of natural origin are pres-
ent to a greater or lesser extent in air and water almost
everywhere and probably always have been. The in-
dustrial value of certain of these minerals, collectively
known as asbestos, was recognized at the end of the
last century. Production and use increased enormously,
with periods of acceleration related to both world wars
(Fig. 1). Occupational exposure in asbestos production,
manufacturing and user industries has reflected the con-
flicting trends of use and control. Since 1950, the num-
ber of workers exposed has greatly increased while their

- intensity of exposure has steadily decreased. Assuming

a latent period of 30 to 40 years for malignant diseases
to manifest themselves, we would expect to see the first
effects, gt least occupatlonally, in the 1950s, which is
what actuﬂly happened. Industrial exploitation has lead
to contamination of the general environment, the nature
and extent of which is more difficult to document. Gross
pollution in the irmpediate neighborhood of mines, fac-

*School of Occupstional , MeGill University, Montreal,

Canadsa

tories and shipyards was commonplace 30 to 50 years
ago but far less today. On the other hand, the general
level of asbestos fibers in air, water, and food is probably
higher than it was and may still be rising. Building
construction and demolition have been responsible for
much of this; for example, see Woitowitz and Rodels-
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FIGURE 1. Asbestos consumption in the U.S. (47) showing probable

pattern of related cancer mortality.
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berger (1). The control of occupational exposure in these
industries has been slow and relatively ineffective with
correspondingly grest and continuing impact on the gen-
eral environment, especially in cities. In addition, there
is the widespread distribution and accumulation of a
variety of asbestos-containing materials and products
which gradually wear and deteriorate.

The heslth implications of this general picture are
complicated by three additional factors. First, asbestos
is not one but several materials, each of distinct chem-
jcal, physical, and biological qualities. In particular the
amphiboles—crocidolite, amosite, anthophyliite, and
tremolite—almost certainly differ from the serpentine
mineral, chrysotile, in their health effects. Second, di-
mensions, durability, respirability, retention, and sur-
face reactivity have considerable biological relevance,
and, in different circumstances, the same mineral may
vary enormously. Third, interaction between asbestos
exposure and cigarette smoking is important in deter-
mining the risk of respiratory tract cancer, and uniden-
tified factors may well play a role in the gastrointestinal
tract.

This paper will attempt to assess the health impact
of environmental pollution resulting from the industrial
use of asbestos. Occupational exposure will be consid-
eredoxﬂyt.otheextentthatitmhe!ptoquantifythe
risk. So far as possible, the contribution of “natural”
nonindustrial pollution will be excluded from the total.
Although no precise geographical or temporal defini-
tions are possible, the focus will be on North America
(USA and Canada) in the 1980s. Nonoccupational ex-
posures may be either respiratory or by ingestion and
vary considerably both in duration and intensity. Air
pollution has thus to be separated from contamination
of water supplies; it can be further subdivided into three
or four different grades. Domestic, indirect occupa-
tional, and bystander exposures have often been very
high; neighborhood exposures in the vicinity of asbestos

mines, plants, shipyards, etc., were also considerable.

~ General urban pollution is much lower than any of these

"

but a far larger proportion of the population is at risk.
ghelorder of magnitude of these exposures is shown in
able 1.
Three main methodologies will be considered and the
compared. First, there is the possibility of direct
epidemiological investigation, by means of population-
based studies—cohort or case-referent in type. The
problem g\"xth the former is that adequate sensitivity for
Getection of low level risks is almost impossible to

Table 1. Current North American levels of exposure to

atrborne asbestos.
Type of \\ Approximate
expogure : N level, ng/m®
Occupatioral \ 10,000~ > 50,000
Neighborhood/domestic . 100-10,000
Urban N, 1-100
Rural/background <1-2

a_chieve; the problem with the latter is that reliable es-
timates of past exposure and source are even more dif-
ficult to determine. A second methodological approach
depe_nds on extrapolation from exposure-response data
obtained from industrial cohorts to exposure levels ob-
sgrved or estimated in the general environment. The
difficulties here include environmental measurement at
very low fiber concentrations, the wide range of risks
calculable from the few available sets of exposure-re-
sponse data and the questionable validity of any ex-
trapolation of this kind. A third approach entails the
estimation of the overall impact of asbestos exposure
on mortality followed by partition into occupational and
nonoccupational components. Several methods of doing
this have been used with results which are at best quite
approximate. We shall suggest that an improved esti-
mate can probably be obtained from examination of
trends in male and female mesothelioma mortality. Even
now, relatively few cases in women are attributable to
occupation, and statistics for the past—before the de-
velopment of 8 male excess—provide some indication of
the natural background incidence.

Estimates of Health impact

For the purpose of this paper, it seems reasonable to
assume that only diseases for which there is evidence
of causation in occupational studies deserve considera-
tion in relation to nonoccupational exposure. This limits
our concern to asbestosis, respiratory tract cancers, ma-
lignant mesothelioma tumors, and gastrointestinal tract
cancers. As occupational studies suggest that even a
lifetime at nonoccupational levels of fiber concentration
world seldom, if ever, cause disability or death from
pulmonary fibrosis, this response will be considered only
to the extent that it provides evidence of significant past
exposure. Laryngeal cancer will not be considered per
se. It is an uncommon cause of death, and the etiologlcgl
contribution of asbestos is still unciear. So far as aIr
pollution is concerned, the major emphasis must be on
lung cancer and mesothelioma, since the estimation pro-
cedures available are very crude and other diseases could
only have a marginal effect. Cancers of the gastroin-
testinal tract will be discussed only in relation to drink-
ing water.

Epidemiological Surveys

Neighborhood Exposure. There are several well-
documented reports indicating the occurrence of me-
sothelioma cases in the vicinity of crocidolite mines and
factories. The initial report by Wagner et al. (2) of the
high prevalence of this disease around the crocidolite
mines in the Cape Province, Republic of South Africa,
included cases without occupational exposure. The case-
control studies of Newhouse and Thompson (8)in Bark-
ing (London) and of Hain et al. (4)in Hamburg indicated
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an excess in the immediate neighborhood of factories
which processed asbestos, mainly from the same South
African mines. On the other hand, no similar cases were
seen near the amosite or chrysotile mines of South Af-
rica nor, by extensive case-control studies, near the
chrysotile mines of Canada or the U.S. (5,6). Also neg-
ative was an analysis of mortality in persons residing
within half a mile of an amosite asbestos factory in Pat-
terson, NJ (7). The employees of this plant had expe-
rienced high rates of both mesothelioma and lung cancer
(8) and appreciable numbers of amosite fibers were still
present-in dust collected in the attics of neighboring
houses. One doubtful case only was reported in the vi-
cinity of the Balangero chrysotile mine in Italy (9) and
no case has ever been reported from the Russian chry-
gotile mining area of Sverdlovsk (10).

In an early uncontrolled study of 42 cases in Penn-
sylvania (11), two lived close to asbestos plants and six
others had worked next to an asbestos plant. A system-
atic investigation of all 201 cases of mesothelioma and
19 other pleural tumors reported to the Connecticut
Tumor Registry, (1955-1977) and 604 randomly selected
decedent controls found no evidence of risk from neigh-
borhood exposure (12). In Northwest England, Whit-
well et al. (15) examined lung tissue by phase-contrast
optical microscopy from 100 cases of pleural mesothe-
lioma, 100 cases of lung cancer and 100 controls who
had died from conditions other than industrial lung dis-
ease or lung cancer. They found that the number of
ashestos fibers was related to the occupational and not
to the home environment. Subjects who had lived near
probable sources of atmospheric asbestos pollution had
no higher counts than those from further away..In this
review of data on pleural mesothelioma in England and
Wales, Gardner (1) commented on the highly localized
geographical distribution “in which occupational and oc-
cupationally related exposure has been ecritical.”

Several investigations have been made into the pos-
sible effects of environmental pollution on the resident
populations of Thetford Mines and Asbestos, Québec,
the two main centers of chrysotile production in the
Western world. Geographical analyses by Graham et al.
(15) of cancers reported to the Quebec tumor registry
showed higher incidence rates for tumors of the pleura,
lip, salivary gland, and small intestine in males and,
additionally, of kidney and skin (melanoma) in females.
However, no account was taken of occupational or do-
mestic exposure. Pampalon et al. (16) did much the same
thing using mortality statistics. Among women, there

. was no excess mortality; in men, mortality from res-

iratory cancer was raised in Thetford Mines (SMR 1.62)
from nonmalignant respiratory diseases in the town
of stos (SMR 1.53). In a later report (17), Siemia-
tycki showed that, as about 75% of the older male pop-
i ese towns had been employed in the mining
industry (o¥er 50% for 30 years or more) the raised
SMRs could Wwell be explained by occupational expo-
sure—a possibil V\subsequently confirmed by Liddell
(18).
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Household Exposure. Despite the scarcity of er
vironmental data, it is likely that household contacts ¢
asbestos workers are much more heavily exposed tha'
others who simply live in the area. Measurements mad
by Nicholson (19) in the homes of miners and nonminer
in & chrysotile mining community in Newfoundland sug
gest that fiber concentrations were manyfold higher i
the former than the lstter. Three of the 42 cases o
mesothelioma in Pennsylvania, mentioned above (11)
were in the household contacts, and the studies of bot!
Newhouse and Thomson in England ($) and of McDonalc
and McDonald (5) in North America all showed more
frequent domestic exposure in cases than controls, after
exclusion of occupation. Two further epidemiologica
surveys have i addressed the question. Viann:
and Polan (20) studied the asbestos history o”
all 52 histologically fatal cases of mesothe
lioma in females in New York State (excluding New
York City), 1967-1977, ‘with matched controls. Exelud-
ing six cases exposed at work, eight others had a hus-
band and or father who worked with asbestos; nore of
their matched controis had a history of domestic ex-
posure whereas the reverse was true in only one pair.
Information on latency was not given, but two of the
eight, whose husbands were asbestos workers, were
only 80 and.31 years of age. :

In a study by Anderson et al. (21), over 3100 house-
hold contacts of 1664 surviving employees of the Pat-
terson amosite asbestos plant were identified in the
period; 1973-1978. From over 2300 still living, 679 sub-
jects who themselves had never been exposed to as-
bestos occupationally and 325 controls of similar age
distribution were selected for radiographic and other
tests. Small opacities and/or pleural abnormalities were
observed in 35% of the household contacts and 5% of
the controls. Pleural changes were rather more frequent
than parenchymal. The rexdings were made by five ex-
perienced readers and although the interpretation was
by consensus, it was made without knowledge of ex-

posure category. The mortality experience of this pop-

* ulation of household contacts is also under study; the

methodology has not yet been adequately described but
at least three cases of mesothelioma and excess mor-
tality from lung cancer have been reported (22).
General Ervironmental Exposure. There is very
little direct epidemiological evidence on the effects of
urban asbestos air pollution. The question was ad-
dressed to some extent in analyses of the extensive
surveys of malignant mesothelial tumors undertaken by
our group (5) in Canada, 1960-1975, and in the U.S,,
1972. Systematic ascertainment through 7400 patholo-
gists yielded 668 cases which, with controls, were in- .
vestigated primarily for occupational factors. After
exclusion of those with occupational, domestic or mining
neighborhood exposure, the of residence of women .
were examined for the period 20 through 40 years before
death. Of 146 case-control pairs, 24 cases and 31 controls
had lived in rural areas only and 82 casesand 79 controls
had lived in urban aress only. These very small differ-
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ences could easily be due to chance, quite apart from
the greater likelihood of case recognition in urban than
rural areas and the contribution of exposure in the im-
mediate neighborhood of plants, such as that in
Patterson.

Exposure by Ingestion. 1t has been postulated that
asbestos fibers in drinking water, and perhaps also in
food, could conceivably increase the incidence of ali-
mentary cancers in populations exposed over many
years. For several reasons, this question will be only
discussed briefly in this paper. In the first place, ex-
cepting mining areas, the occurrence of fibers in drink-
ing water is usually the result of contamination from
natural sources rather than from industrial processes
and products. Second, even in industrial cohorts, the
association of asbestos exposure with alimentary cancer
is irregular (23) and not wholly convincing (24); also,
the risks are small compared to lung cancer and largely
confined to the most heavily exposed workers. Even so,
water supplies are often carried in asbestos-cement
pipes, mining and quarrying activities have led to heavy
water pollution, and urban air pollution from asbestos
1;_:;)agts and construction may well contaminate water and

There have been 13 analyses of cancer incidence and/
or mortality by site in relation to estimated concentra-
tions of asbestos fibers in drinking water in six areas of
North America. In five of these—Connecticut, Quebec,
San Francisco Bay area, Utah and Puget Sound area—
the contaminating fibers were chrysotile in concentra-
tions ranging from below detection to 10° fibers per liter.
In the sixth population— Duluth—exposure was to an
amphibole mineral in a similar range of concentrations,
although to what extent the particles were truly fibrous
is unclear. In all such studies, the main difficulty is to
allow correctly for socioeconomic, occupational, nutri-
tional, and other eonfounding variables. The results of

all 13 studies were reviewed by Marsh (25) at a recent

Summary Workshop sponsored by the U.S. Environ-,
mental Protection Agency (26). After exclusion of one
study which did not give results by cancer site, eight

providing independent data were included in a binomial
probability analysis designed to test the degree of
agreement between them. Despite the low level of
agreement between male and female results, positive
finds for esophagus, stomach, pancreas, and prostate
(Table 2) were unlikely to be due to chance alone, al-
though not necessarily to water supplies. As the first
two of these sites are those for which there is also the
strongest evidence of an association with asbestos in
occupational cohorts, Marsh recommended that these
specific etiologic hypotheses should be tested by case-
control studies. He pointed out, however, that the de-
tection of low level risks would require very large
samples. -

Extrapolation

The several inconclusive attempts to identify and in-
terpret small differences in disease incidence in relation
to fiber content of water supplies illustrates the virtual
impossibility of direct epidemiological assessment of low
environmental risks related to the more complicated
constituents of urban air pollution. A common alter-
native approach is therefore to take the exposure-re-
sponse relationships. observed in occupational
environments and extrapolate back to the much lower
exposure levels recorded in the general environment.
This procedure is fraught with difficulties, however,
some of which are discussed below.

The Assumptions. Extrapolation is valid only to the
extent that (a) some reasonable mathematical formula
for the relationship exists; (b) the point of intercept on
the exposure axis is known; (c) important interactions
with other etiologic factors are multiplicative or addi-
tive. For lung cancer, the scanty data available are com-
patible with a nonthreshold linear relationship to
accumulated exposure but do not exclude other models.
The even more scanty data on the combined effects of

 cigarette smoking and asbestos exposure suggest that

the interaction is more than additive but not necessarily
multiplicative in all circumstances. No comparable evi-

Table 2. Drinking water and digestive cancers.™*

’ Bay Area, Puget
. Duluth Connecticut Quebec CA Utah Sound
Fibertype Amphibole  Chrysotile Chrysotile Chrysotile Chrysotile Chrysotile
Fiber density, million/L 1-30 0.7 1.1-1300 0.25-36 -— 7.3-20%
Populzation exposed . 100,000 576,800 420,000 3,000,000 24,000 200,000
Site :
O ®
® O L
[
Gallbladder
Pancreas ® o) o] ®
Peritoneum ®
* Derived from analyses by Marsh {3
®Key: (O) excess in males or females; ) excess in males and females.
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dence on either of these questions exists for asbestosis
or mesothelioma.
Exposure-Response. Nine cohort studies in eight
industrial groups (£7-85) have been reported in which
sure to asbestos for each subject was estimated
individually in duration and intensity and related tolung
cancer risk. The studies are summarized in Table 3. The
first eight studies shown (studies 1-8), produced linear
response relationships, but of very varied
gradients. With the exception of study 7, where the
analysis was case-referent in type, the other studies
used man-years methods primarily, with results pre-
sented as SMRs. Since, for various reasons, not all lines
passed through the origin, the gradients in Table 2 are
expressed in terms of relative slope, as calculated by
Liddell and Hanley (36). The two textile plants (studies
4-6) have gradients marnyfold more steep than the rest,
the sharpest contrast being between the chrysotile-only
textile workers and chrysotile miners and millers. Even
less risk than in chrysotile production is seen in the two
friction products plants, where it is quite doubtful
whether there was any significant lung cancer excess.
Although far below textiles, the two factories engaged
mainly in the manufacture of cement and building prod-
ucts were severalfold above chrysotile production. The
experience of American insulation workers (87) and of
men engaged in the manufacture of amosite insulation
products (8) are not shown in Table 2 because exposure
was not assessed individually. However, with certain
assumptions, especially as to linearity, it seems likely
that the gradients for these two populations lay some-
where between the cement workers and the textile

workers. Study 9, of asbestos cement workers in On-
tario (85), is difficult to interpret: both chrysotile and
amphiboles were used, there were relatively few lung
cancer deaths, but substantial mortality from mesoth-
elioma. Perhaps because of the small numbers and pos-
gible confusion between the two kinds of malignancy
there was no systematic relationship between estimated
exposure and lung cancer go no slope was calculated.
There were at least two possible explanations for the
variation, first, that some of the exposure estimates
were seriously incorrect. If 80, the error was systematic
or the response relationships would have been lost. Sec-
ond,_and 1 believe more Iikely, neither the original dust
particie measurements nor the usual conversions to fi-
bers, countable with the optical microscope, adequately
reflected the biological hazard. Experimental work on
fiber size and the dynamics of penetration and retention
all suggest that this could be an important part of the
explanation, all of it. Indeed, fibers wide enough
to beaeenwlththehght microscope have little carcin-
ogenic effect (J.C. Wagner, personal communication).
Fiber Type and Mesothelioma. Differences be-
tween the various types of asbestos fiber can probably
be ignored in predicting risks of lung cancer and as-
bestosis, but mesothelioma is another matter. The evi-
dence that virtually all peritoneal and most pleural cases
are attributable to amphibole exposure, rather than to
‘has been reviewed elsewhere (24,38). Al-
though not conclusive, the data are sufficiently persu-
asive for most countries—U.S. excepted—to have made
a basic distinction as to fiber type in their control policies
and lggislation (89). In the present context, this major

Table 3. Exposure-response for lung cancer in male cohorts where exposure estimates were made

for each subject individually.
Lung Relztive
Number , cancer slope
Study Type of Fiber in Total expected per
no. industry Study Place type cohort deaths cases mpel-yr
1 Mining and McDonald (24) Quebec Chrysotile 10,939 3,291 184 0.164
mming s e e .-
2 General Henderson and u.s. " Chrysotile 1,075 381 23.3 0.353
manufacture Enterline (£5) Crocidolite
Amosite
3 Cement products Weill (26) New Orleans  Chrysotile 5,645 601 49.2 0.658
Crocidolite ’
4 Textiles Dement (£7) S. Carolina Chrysotile 768 191 7.5 6.896
K Textiles McDonald (£8) S. Carolina  Chrysotile 2,543 857 29.6 5.863
Mgzinly textiles  McDonald (29) Pennsylvania  Chrysotile 4,137 1,392 50.5 5.101
Amosite
Crocidolite
7 Fittjon products Berry and New-  England Chrysotile 9,113 1,640 130.5 ‘effectively zero’
house. (30) Crocidolite -
8 uete McDonald (31) Connecticut Chrysotile 3,641 1,267 49.1 ‘effectively zero’
Finkelstein (32)  Ontario Chrysotile 536 138 5.4 not calculated
Crocidolite
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uncertainty is further compounded by the lack of ade-
guate exposure-response information for mesothe-
lioms. In none of the nine cohorts shown in Table 3,
with individual measurements of exposure in terms of
both intensity and duration, was the relationship of me-
sothelioma to “dose” examined. The relatively small
number of cases and the confounding effects of fiber
type discouraged such analyses. Despite this, some re-
cent reports (40,41) suggest that an indication of risk
can be obtained from & small number of other cohort
studies, in which only average group exposure had been
roughly estimated. All the cohorts used for these re-
ports were exposed to pure amphibole or to amphibole-
chrysotile mixtures and generally excluded from con-
sideration were those in which the mesothelioma risk
was low. Indeed, if the 18 cohorts so far reported with
200 or more deaths are listed in order of proportional
mortality from this cause, those selected for these stud-
jes ranked as numbers 1,2,3,5, and 7. -

Conversion. All the available exposure-response
data from occupational cohorts are based on total res-
pirable dust measurements made by impinger methods
and expressed in millions of particles per cubic foot
(mpef). Determination of the equivalence of these mea-
surements in terms of fibers (> 5 um long) per milliliter
(f/mL) is a difficult and dubious operation. Evenin chry-
sotile mining and milling, the range of conversion ratios
is at least 40-fold (42,48). A problem of similar magni-
tude concerns the equivalence in fiber terms of mea-
surements made in the general environment, nearly all
of which are gravimetric and usually expressed in nan-
ograms per cubic meter (ng/m®). These questions have
been discussed by several authors with various conclu-
gions; Nicholson (40) considered that the conversion fac-
tor relating mass to optical fiber concentration had a
cange of 5 to 150 and probably varied with fiber type.

On taking these many uncertainties into account, the
range of possible error in any estimates made by ex-
trapolation must be very wide indeed. Taken together,
variations in exposure-response gradient and conver-
sion factors for ng/m®, mpcf, and f/mL could conceivably
lead to estimates with a range of five orders of mag-
itude. Even this would not take account of such ques-
as sampling error in environmental measurement,
, or fiber size distributions. Nevertheless, 2
us estimates of environmental impact by
extrapolation have been made. The results are not so
widely disparate, at least for lung cancer, mainly be-
cause similar approaches on averaging have been used.

In a paper by Enterline in 1981 (44), estimates of lung
cancer deaths, based on extrapolation from linear and
curvilinear exposure-response models, were made. Us-

inog conversion factors of 3 qr f/mL per mpef and 40 x
10° for f/mL per ng/m’ and linagr extrapolation from his
own exposure-response data ( = 100 + 0.658 mpcf-

vr), he estimated that continuous Jifetime exposure at
5 ng/m® (approximately the ave outdoor level in
urban areas of the U.S.) would result in 4 lung cancer
deaths per million population. On the othe

J. C. McDONALD

vilinear model, for which there is experimental but not
epidemiological support, would result essentially in zero
deaths. In a later paper (45), Enterline speculated on
the spparent discrepancy between occupational expo-
sures where excess lung cancer mortality generally ex-

‘ceeds that due to mesothelioma (46) and the

nonoccupstional situation. In the general population of
the U.S., with average outdoor exposure at about 1.5
ng/m’, the lifetime lung cancer risk was estimated by
Enterline to be about 2 per million. Using data on me-
sothelioms incidence, however, he concluded that the
lifetime risk of this disease was at Jeast 100 per million.
However, as discussed at the end of this paper, this
latter estimate is probably not correct.

Table 4. Estimated lifetime risks p;r million population from
nonoccupational exposure to asbestos.

Lung
cancer Mesothelioma

Enterline (2} 2 100°
Schneiderman (45) 3-32 4-24
Nicholson (40) 12-18 6-24
NRC Committee (46)

Smokers. male 64-320

Smokers, female 23-120

Nonsrnokers, male 6-29 9-46

Nonsmokers, female 8-15

This figure should probably have been about 50 (see text).

Several other estimates of current and lifetime risk
of lung cancer and mesothelioma for the U.S. population
have been made purely by extrapolation. A simplified
comparison of these estimates is set out in Table 4. To
achieve a measure of comparability, some liberties were
taken with the published data, and the figures shown
are therefore approximate. Having regard for the enor-
mous range of uncertainty, it is remarkable that the
four estimates are as close as they are. The differences
between the lung cancer estimates are mainly due to
the idiosyncratic selection of exposure-response data
from industrial cohorts. The NRC committee (41) used
three of the nine cohorts included in Table 3 and added
six others, in all of which only group estimates of ex-
posure had been made. Schneiderman (47) used only
two of the nine and included three of the six added by
the NRC committee. Nicholson (40) used four of the
nine cohorts and not the other five. The greater simi-
larity of the mesothelioma figures is due to the fact that,
apart from Enterline, whose figure was not obtained by
extrapolation, the others used the same information (or
lack of it) on exposure-response—all, however, from

. the cohorts at highest risk.

In the light of these critical comments, it is fair to

ask whether anything better can be done. Until the-

explanation of the 100-fold difference in gradient of slopes
for the eight or nine satisfactory sets of exposure-re-
sponse data is explained, and better evidence on the
equivalence and mass and fiber concentration measure-
ments is obtained, any extrapolation is, in my view,
pure guesswork. However, the possibility that mesoth-
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elioma may be & more serious potential hazard than lung
cancer, especially for nonsmokers is resl. The theoret-
jeg] basis for this view has been presented by Peto
(48,49). His mathematical models are compatible with
the evidence available, but his equations for lung cancer
and mesothelioma both include constants which depend
on fiber dimension and type and which may differ be-
tween the two diseases and in different circumstances.

Sex Differences in Mesothelioma Mortality

If the total number of deaths attributable to asbestos
exposure were known or could be calculated, it might
then be possible to partition them by causal type of
exposure. We took this approach at the Banbury Con-
ference in 1980 in trying to discover what proportion of
cancer was attributable to occupational asbestos expo-
sure (46). Three types of information were used: first
the estimated incidence of fata! cases of mesothelioma;
second, the ratio of mesothelioma to other types of can-
cer from all available cohorts (then numbering 24); and

third, the proportion of mesothelioma related to occu-

pation from case-referent surveys in Canada, 1960-1972,
and in the United States, 1972 (5). At that time, our
best estimates for North American males in 1975 were
an annual mesothelioma incidence of 8.0 per million; 75%
of cases attributable to occupational asbestos exposure;
and a ratio of mesothelioma to excess mortality from

“other cancers of 8.3 (2.4 for respiratory plus 0.9 for

25

of mesothelioma to excess respiratory cancer (males,
2.5; females, 1.25). We have not yet recalculated the
ratio for digestive cancer.

Returning to the problem in hand, if a similar ap-
proach were adopted, we might have estimated that, in
1975, nonoccupational causes were responsible in males
for about 2.0 per million cases of mesothelioma and 5.0
per million excess lung cancers. In females, the me-
sothelioma figure would be fairly similar and the lung
cancer excess about 2.5 per million. These nonoccupa-
tional rates would then have to be apportioned between
domestic, neighborhood and general environmental ex-
posures on the one hand and background causes on the
other. For mesothelioma, this approach seems reason-
able, though difficult, but the extrapolation to lung can-
cer, empirically acceptable for the occupational estimate,
is considerably more dubious for the nonoccupational
component. However, the first task is to consider me-
sothelioma and, for this purpose, it may be useful to
examine the theoretical model illustrated in Figure 2.

If there is a background incidence of mesothelioma,
unrelated to the industrial exploitation of asbestos (al-
though quite conceivably to mineral fibers), there is no
reason to believe that the levels would be different in
males and females. Consideration of Figure 1 and the
usual latency for mesothelioma (30-40 years) suggests
that, as stated earlier, we might begin to see the effects
of asbestos in the 1950s, especially in men. The trend
in male incidence might then parallel the increased in-

digestive). The corresponding figures for females were
2.5 per million, less than 10% attributable, and a lower

but undefined ratio to other cancers (especially respi- -

ratory). Our best indicator of mesothelioma incidence
was the SEER Program of population-based cancer re-
gistries in five states and five city areas, for which data
are now available for 1973-1980 (Biometry Branch, NCI,
unpublished). The number of usable cohorts has also
risen, from 24 to 32, with little change in median ratios

mortatity

“dustrial use of asbestos, réaching a peak in about year
2000 and, hopefully, falling some 40 years after that. In
femnales, on the other hand, a much smaller effect would
be expected from occupational sure and any in-
creased incidence would reflect more specifically the im-
pact of domestic and environmental exposire. _

There are severz! sets of data which suggest that this
general .pattern is being followed. In Canada, ascer-
tainment through pathologists has shown a steady in-

e c——

Occwpations!

BOrOCLUDt iONS |

Sackground

1925

FiGURE 2. Conceptusl modés

T
1955

1985

mesothelioma mortality assuming complete sscertainment.
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crease in male cases from about 10 in 1961 to 25 in 1874,
whereas in females the annual number of cases averaged
about 8 over the same period (5). In the U.K. (14),
deaths from pleural mesothelioma in males have risen
from 100 (4 per million) per annum in 1968 to 200 (8 per
million) in 1978 (most sharply since about 1973)—e gra-
dient of about 10% per annum. In females, the annual
number of deaths has remained steady at just under 50
(2 per million). Data presented by Elmes and Simpson
(50) tend to suggest that, in the U.K., the sex difference
began to appear in about 1950. Finnish Cancer Registry
statistics, 1953-1969, reported by Nurminen in 1975 (51)
indicate that mesothelioma was frequent in men
and women in Finland until about 1961 when they began
to separate. In the U.S. data from the Connecticut Tu-
mor Registry (52,58), show no sex difference until the
mid 1950s, after which there was a rapid rise in the male
rates. Of particular interest are the observations of
Archer and Rom (54) on mortality by age and sex from
diffuse malignant mesothelioma of the pleura in the U.S,,
1850-1978. Until 1966, there was no difference between
the rates for men and women in any age group. There-
after there was a sharp divergence between the sexes,
evident only after age 45 when the rate for males rose
considerably and for females to a lesser extent. Below
age 45, the rates for males and females continued equal
and unchanged.

All these time trends are subject to the confounding

effect of changes in level of diagnosis and ascertainment.

. Only the more recent data from the SEER program
provide a reasonably complete and uniform level of as-
certainment. However, the age-adjusted rates for me-
sothelioma, all sites, for the total period 1973-1980 are
very informative. Figure 3, which also includes the es-
sentially comparable estimate for 1970-1972, from the
Third National Cancer Survey (TNCS), shows that the
male rate is increasing by nearly 10% per annum whereas
it is quite doubtful whether there has been any change
in the female rate. These data are compatible with those
of Archer and Rom and again suggest that the diver-
gence began in the 1960s.
\oThe conclusions seem clear enough. First, there is
w good reason for believing that the background level
of mesothelioma, whatever its cause, must be and has
been about 2 per million in men and women for many
vears. Second, as there is evidence that both occupa-
tional and domestic exposure account for at least some
mesothelioma cases in females, there is little or no room
left for any effect attributable to environmental expo-
sure or improved levels of ascertainment.

Finally, I return te Dr. Enterline’s anomalously high
estimate of 333 cases ef mesothelioma in 1981 related
to nonoccupational exposuare—equivalent to 2 lifetime
risk of about 100 per millionyTable 4). The explanation
is, first that he made no allowaxge for the “background”
incidence and, second, that he tapk our estimate that
47% of male mesotheliomas in 1973gesulted from non-
occupational exposure (44) and apphed this proportion
to the much larger total number of in 1981. In

ser witlien
A\l 3¢

P

1970 175 1880

FIGURE 3. Mesothelioma incidence in the U.S., 1970-80, age-ad-
justed to the national popuiation.

1970, the annual rate per million for males was 5.1
(TNCS), 47% of which is 2.4—a level similar to that
shown for females in Figure 3. In 1980, we can see that
nonoccupational exposure accounted for less than 20%
of male cases; by the end of the century the proportion
may fall to less than 10%.

Conclusion

This revizw does little to strengthen belief in the
validity of extrapolation as a means of estimating the
impact on health of urban levels of asbestos air pollution.
However, the potential importance of the question and
the need for prudence in matters of public health war-
rant the use of every available method, even this one.
Linear extrapolation to very low fiber concentrations
almast certainly overstates the true risk. The error may
be compounded by use of inappropriate or unrepresen-
tative exposure-response data; for example, the selec-
tion of occupational cohorts heavily exposed to amphibole
fibers in estimating the risk of mesothelioma for the
general population. Nevertheless, the fact remains that
direct epidemiological studies may not be sensitive
enough to detect very low risks.

Society thus faces something of a quandry: policies

- need be based on the best estimate, neither over or

under, even though a decision may then be made re-

garding a margin of safety. One solution is to use care-..

fully balanced extrapolation as the primary method of
risk estimation, at the same time continuing to monitor
the situation by direct survey methods. In this way.
obvious over or under estimates of risk may be detected
with least delay. The incidence of malignant mesothelial
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tumors in women has great potential as an indicator of
environmental asbestos exposure, especially if com-
bined with field studies to estimate the contribution of
direct and indirect occupational factors (58).

1 am indebted to the Biometry Branch, National Cancer Institute,
through the kind offices of Mr. Roger R. Connelly, for permission to
quote unpublished data from the SEER Program.

REFERENCES

1. Woitowitz, H. J., and Rodelsperger, K. Asbestos emissions at
the interface between workplace and environment. Institute and
Policlinic of Industrial and Social Medicine, Giessen, 1982.

2. Wagner, J. C., Sleggs, C. A., and Marchand, P. Diffuse pleural
mesothelioma and asbestos exposure in the North Western Cape
Province. Brit. J. Ind. Med. 17: 260-271 (1960).

3. Newhouse, M. L., and Thomson, H. Epidemiology of mesothelial
tumars in the London Ares. Ann. N.Y. Acad. Sci. 132: 579-588
(1965).

4. Hain, E., Dalquen, P., Bohlig, H., Dahbert, A., and Hing, 1
Retrospective study of 150 cases of mesothelioms in
area. Int. Arch. Arbeitsmed 33: 15-87 (1574).

5. McDonald, A. D., snd McDonaid, J. C. Malignant mesothelioma
in North America. Cancer 46: 1650-1659 (1380).

6. Thériault, G., and Grand-Bois, L. Mesothelioma and asbestos in
the Pgr"osvmce of Quebec 1969-1972. Arch. Environ. Reilth 3: 16~
18 (1978).

7. Hammond, E. C., Garfinkel, L., Selikoff, 1. J., and Nicholson,
W. J. Mortality experience of residents in the neighborhood of
an asbestos factory. Ann. N.Y. Acad. Sci. 330: 41742 (1879, -

8. Seidman, H., Selikoff, I. J., and Hammond, E. C. Short term

- isbestos work exposure and long term-observation: Ann. N.Y.
Acad. Sci. 330: 6189 (1979).

9. Rubino, G. F., Piolatto, G., Newhouse, M. L., Scansetti, G.,

Aresini, G. A., and Murray, R. Mortality of chrysotile asbestos

miners at the Balangero Mine, Northern Italy. Brit. J. Ind. Med.

36: 187-194 (1979).

Kogan, F. M. Asbestos-Containing Dusts and Measures Pre-

venting Their Noxious Effect on the Health of Workers (Russian).

Mid-Ura! Book Publishing Agency, Sverdiovsk, Russia, 1975.

11. Lieben, J., and Pistawka, H. Mesotheliomz and ssbestos expo-

" gore. Areh. Environ. Health 14: 559-562 (1967).

. Teta, M. J., Lewinsohn, H. C., Meigs, J. W., Vidone, R. A.,

Mowad, L. Z., and Flannery, J. T. Occupational and geographic

associations. J. Occup. Med. 25: 749-755 (1983).

Whitwell, ., Scott, J., and Grimshaw, M. Relationship between

occupations and asbestos-fibre content of the lungs in patients

with pleural mesothelioma, lung cancer, and other diseases. Thorax

32: 377-386 (1977).

Gardrer, M. J. Tumour incidence after asbestos exposure in Great

Britain with special reference to the cancer risk of the non-oc-

cupational population. VDI Ber. 475: 185-190 (1883).

Graham, S. Methodological problems in ecologic studies of the

asbestos—cancer relationship. Environ. Res. 25: 3549 (1881).

Pampalon, R., Siemiatycki, J., and Blanchet, M. Environmental

asbestos pollution and public heaith in Quebec. Union Méd. Can-

ada 111: 475489 (1982).

. Siemistycki, J. Health effects on the general population: mortality

in the general population in asbestos mining aress. Proceedings

-af the World Symposium on Asbestos, Montreal, 1983, pp. 337-

10.

13.

15.
16.

348,
. Liddell, F. D. K. Tumour incidence after asbestos exposure in

the general population of Canadz. VDI Ber. 475: 179-183 (1983).
. Nicholson, W. J., Rohl, A."N., Weisman, 1., and Selikoff, I. J.
i asbestos concentrations in the United States. In:
of Minerai Fibres (J. C. Wagner, Ed.), IARC
ians, No. 30, Lyon, France, 1980, pp. 823-827.
jan, A. K. Non-occupational exposure to

|

asbestos and malignant mesothelioms in females. Lancet, i: 106
1063 (1978).

21. Anderson, H. A., Lilis, R., Daum, S. M., and Selikoff, 1.
Asbéstosis among househoid contacts of asbestos factory worke)
Ann. N.Y. Acad. Sci. 830: 887-399 (1978).

22 Anderson, H. A. Family contact exposure. Proceedings of .
World Symposium on Asbestos, Montreal, 1983, pp. 349-362.

23. McDonald, J. C. Mineral Fibres and Cancer. Ann. Acad. Me
Singapore 13 (Suppl.): 845-352 (1984).

24. Acheson, E., and Gardner, M. J. Asbestos: The Control Lin
for Asbestos. Health and Safety Commission, HMSO, Londo

1888,

25. Marsh, G. M. Critical review of epidemiologic studies related -
ingested asbestos. Environ. Health Perspect. 68: 48-56 (1983)

26. U.S. Environmental Protection Agency. workshop «
ingested asbestos. Environ. Health Perspect. 53: 1-204 (1983)

27. MeDonald, J. C., Liddell, F. D. K., Gibbs, G. W., Eyseen, G. E
and McDonald, A. D. Dust exposure and mortality in chrysoti
mining, 1910-1975. Brit. J. Ind. Med. 87: 11--24 (1980).

28. Enterline, P. E., and Henderson, V. Type of asbestos and re:
27 '812-817 (1973). ' : ‘

29. Hughes, J., and Weill, H. Lung cancer risk associated with ma
ufacture of asbestos-cement products. In: Biological Effects .
Mineral Fibres J. C. Wagner, Ed.), IARC Scientific Publication
No. 30, Lyon, France, 1980, pp. 627-635.

80. McDonald, A. D., Fry,J. S., Woolley, A.J., and McDonald, J. ¢
Dust exposure and mortality in an American chrysotile texti.
plant. Brit. J. Ind. Med. 40: 361-367 (1983).

31. Dement,.J. M., Hams, R. L., Symons, M. J., and Shy. C. ¥
Estimates of dose-response for respiratory cancer among chry
sotikgsz asbestos textile workers. Ann. Occup. Hyg. 26: B63-8
(1982).

32. McDonald, A. D., Fry,J. S., Woolley, A. J., and McDonald,J. €
Dust exposure and mortality in an American factory using chny
sotile, amosite and erocidolite in mainly textile manufacture. Brit
J. Ind. Med. 40: 368-374 (1983).

33. Berry, G., and Newhouse, M. L. Mortality of workers manufac

.. turi% friction materials using asbestos. Brit.J. Ind. Med. 40: 1-
7 (1983).

34, McDonald, A. D., Fry, J. S., Woolley, A.J., and McDonald, J. C
Dust exposure and mortality in an American chrysotile asbesto:
friction products plant. Brit. J. ind. Med. 41: 151157 (1984).

25. Finkelstein, M. M. Mortality among long-term employees of an
Ontario asbestos-cement factory. Brit. J. Ind. Med. 40: 138~14-
(1983).

36. Liddell, F. D. K., and Hanley,

’ exposure and lung cancer SMRs in occupational cohort studies.

Brit. J. Ind. Med. 42: 389-396 (1885).

37. Selikoff, 1. J., Hammond, E. C., and Seidman, H. Mortality ex-
perience of insulation workers in the United States and Canada,
1943-1976. Ann. N.Y. Acad. Sdi. 330: 91-116 (1979).

38. McDonald, J. C. Asbestos-related disease: an epidemiological re-
view. In: Biological Effects of Mineral Fibres (. C. Wagner, Ed.)
IARC Scientific Publications, No. 30, Lyon, France, 1980, pp.
587-601.

39. McDonald, J. C. Aspects of the asbestos standard. In: Occupa-
tional Lung Disesse (J. B. Gee, W. K. L. Morgan and S. M.
Brooks, Eds.), Raven Press, New York, 1884, pp. 139--149.

40. Nicholson, W. J. Tumour incidence after asbestos exposure in
the USA: cancer risk of the non-occupational population. VDl .
Ber. 475: 161-176 (1983).

41. Non-Occupationa! Heaith Risks of Asbestiform Fibres. NRC Re-
port. National Academy Press, Washington, DC, 1984.

42. Dagbert, M. Etude de corrélation des mesures d'empoussiérage -
dans lindustrie de lamiante. Document 5. Québec: Comité d'études

sur la salubrité dans l'industrie de I'amiante (R. Beaudry,
preésident).

43. McDonald, J. C., Gibbs, G. W., and Liddell, F. D. K. Chrysotile
fibre concentration and lung cancer mortality: & preliminary re-
port. In: Biological Effects of Mineral Fibres (J. C. Wagner, Ed.).

J. Relations between asbestos

. .



47.

49.

. Enterline, P. E. Cancer produced by

. Peto, J. Dose and time relationshipe for

IARC Scientific Publication No. 30, Lyon, France, 1880, pp. 811-
814.

Enterline, P. E. Extrapolation from occupational studies: a sub-
stitute for environmental epidemiology. Environ. Health Per-
spect. 42: 39—44 (1981).

| asbestos
exposure in the United States. J. Air Pollut. ControlAuoc a3:
318-322 (1983).

. McDonald, J. C., and McDonald, A. D. Mesothelioma as an index

of asbestos i . In: Quantification of Occupational Cancer.
(Banbury Report No 9). (R. Peto, and M. Schneiderman, Eds.),
Cold Spring Harbor, N.Y. 1881, pp. 73-85.
Schneiderman, M. S., Nisbet, 1. C. T., and Brett, S. M. Assess-
mentofnsksposedb; exposmwhwkvdsdubenumthe
general environment. bgse-Ber. 4: 1-27 (1981).

asbestoe-related cancers,
and risk assessment in the general population. VDI Ber. 475:
303-312 (1983).
Peto, J., Schneiderman, H., and Selikoff, 1. J. Mesothelioms mor-
uhtymasbestos workers: implications farmodelsofwunogm-

S1.

. Elmes, P. C., and Sim

. McDonald, A. D. Mesothelioma

J. C. McCDONALD

esir and risk assessment. Brit. J. Cancer 45: 124-135 (1982).
peor:. M. J. C. The clinical aspects of me-
sothelioma. Quart. J. Med. [45] 179: 427~449 (1876).

Nirminen, M. The epidemiologic relationship between pleural me-
sothelioma and asbestos exposure. Scand. J. Work Environ. Health
1: 128-137 (2873).

. Lewinsohn, H. C., Meigs,J. W, ’l‘eh..l.J and Flannery, J.

T. 'I'bemﬂneneeofoecupmonﬂ asbestos ex-
puunonthemadeneeofmhgmutmothehomam&mecb—
cut. In: Biological Effects of Mineral Fibres (J. C. Wagner, Ed.),
1ARC Seientific Publications No. 80, Lyons, France, 1980, pp.
655~-660.

. Bruckman, L., Rubino, R. A., and Christine, B. Asbestos and

meeothehomamdencem(}onnecumt.l Air Pollut. Control
Assoc. 27: 121-126 (197D).

. Archer, J. E., and Rom, W. N. Trends in mortality of diffuse

malignant meoothehom of pleurs. Lancet, ii: 112-113 (July 9,
1983).

registries in ing asbestos
hazards. Ann. N.Y. Acad. Sa.830'441-454(1979)

’ l)li

lw(.‘\




o

STATE OF CALIFORNIA GEORGE DEUKMENIAN, Governor

AIR RESOURCES BOARD
1102 © STREET

P.O. BOX 2815

SACRAMENTO, CA 95812

n -

February 3, 14954

L. J. Pizg, President

iAshestos Information issociation
1745 Jefliferson Davis ..ijiway
Crvstal Sguare 4, Suite 509
Lriinzton, Virginia 22202

tear .ar. Pigg:

Do

Asbestos TNeport

Thank you Ior your december 1Y, 15:3 lettzr ard for the
1z by J. Corbett lcionala. Since The Lcpeortnmaent I llealth

rices (LIiS) had not reviewed this article »r slv, I have
irded 4 cusy to ticm for their review, I e ¢ &ave their
nts eport to the Air

back in time to include with the uznconinag
es Joardi on astestos.

I apureciate vou forvording our reguest fIor csetter cenission
to Asbestes. Information Association of orti snerica's two
.

Califoraie. 1 understand that 050, iInc. has alrezadéy
2y staii and is workimg on rovidin: better 2stimates for

0

in your letter vou also restated connents on the asbestos

reyort taat you hac provided in 2 previous letter to ts. Since our
€ponsc to vour previous comments is already includec in Part C of
3bestos report, I aave not included a resnonse ip tiis letter.

I7 vou have any questions or additional cormments on this
mottoer, ~ilecaese feel ifrsec %o contact Cary .urcaiscen oi oty staff at
{Viw) Lzl-.041.

Sincerely,

)

Villiam V. Loscutof
“Toxic Pollutanss Tra

I e B
»tationary LDource
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. State of California ’ Department of Health Services
Memorandum
Te : Mr. William V. Loscutoff, Chief Date :  February 7, 1986
Toxic Pollutants Branch .
Air Resources Board Subject: Responses to
P.0. Box 2815 . Additional Comments on
Sacramento, CA 95812 : Part B of the AB 1807
Asbestos Document
From : Michael Lipsett, M.D., Chief

Air Toxics Unit
Epidemiological Studies and Surveillance Section

Our staff has reviewed the supplementary comments submitted by the Asbestos
Information Association (AIA) regarding Part B of the AB 1807 document on
asbestos. The AIA's submission, dated December 19, 1985, reiterates statements
made in a previous letter (dated October 18, 1985) and summarizes a few points

‘raised by Scientific Review Panel (SRP) members at the meeting November 20,

1985. The Department of Health Services has responded to both the AIA’s
earlier comments and to the SRP’s concerns in memoranda to your staff dated
November 15 and December 19, 1985 and January 14, 1986. The only new
information offered by the AIA in the current submission is an article by J.C.
McDonald, "Health Implications of Envirommental Exposure to Asbestos,®
(Environ. Health Perspect. 62:319-28, 1985). As noted in the AIA lettar,
McDonald’'s paper "raises the same doubts as does Dr. Crump [cited in the AIA's
previous submission] about estimating risks for low level envirommental
asbestos exposures.®” These doubts have already been addressed in the original
Part B, in our previous responses to comments, and on the record at the SRP
meetings November 20, 1985, and January 14, 1986.

One additional issue raised by the McDonald article that has not been
previously addressed is the validity of low-dose risk assessments for asbestos-
induced mesotheliomas in view of gender-specific differences in mortality
ascribed to this neoplasm. McDonald asserts that the rate of mesothelioma in
men has increased recently due to occupational exposure, while the rate in
women has remained relatively stable at about two cases per million in several
large populations. Thus, "as there is evidence that both occupational and
domestic exposure account for at least some mesothelioma cases in females,
there is little or no room left for any effect attributable to environmental
exposure or improved levels of ascertaimment® (p. 326).

This is a rational argument about which, however, reasonable people can ,
disagree. DHS staff have already implicitly acknowledged the validity of this
perspective to some extent in Part B by indicating that the low end of the
range of risks predicted is zero (Tables 9-6 through 9-9). This is a
reflection of the fact that the effects at such low levels of exposure are
unknown. McDonald does not attempt to explain the existence of the background

R
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Mr. William V. Loscutoff
Page 2
February 7, 1986

jncidence of mesothelioma, some (if not most) of which may be attributable to
asbestos exposure. The ubiquity of large body burdens of asbestos fibers
precludes ruling out asbestos exposure as an etiologic explanation of the
background incidence of mesothelioma (see Part B, Section 7.8.). In addition,
a comparison of DHS staff’s risk estimates with receant mesothelioma incidence
in the San Francisco-Oakland Bay Area indicated that ambient exposures nay
account for a small to a substantial percentage of mesothelioma cases in
females (see Part B, Section 9.h.). Finally, McDonald’s observation that the
background incidence in females has remained stable at two per million may not
be applicable to California, or at least not to the San Francisco Bay Area,
where the rate has been approximately twice as high (see Part B, Section 9.h.).
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