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FOREWORD

Because of the importance of safety 1n the use of asbestos, the Internarional Labour
Conference adopted a Convention (No. 162) 1o its 72nd sesston in 1986. This Convention
conlains 30 Articles, covering both the adminlstrative and technical aspects. Article 15.1
stipulates that "The competent antrhovity shall prescribe limits for the exposure of workers to
asbestos or other exposure criteria for Lhe evaluation of the working environment”.

As the oecupational exposure limits for asbestos currently applied 1in a number of
Industrialized countries are somewhat different for wmany reasons, WHO was approached by the
International Fibre Safety Group Lo c¢onvene urgently a consultation meeting to discuss thig
specifie question, with a view to providing advice to those countries, particularly in the
developing world, which are consldering the ratification of the ILO Coavention.

This report 1z the work of the eonsultation meeting held in Oxford, United Kingdom, on
10-11 April 1989. We are very grateful for the advice provided by rhe participants in the
meeting chaired by 8§ir Richard Doll. The representation of the Internationsl Labour
Organisation, the International Commission on Occupational Health, the International Federarion
of Chemical, Energy and General Workaers' Union, and the Finnish Institute of Occupational
Health in this WHO meeting requires special acknowledgement .

Dr Thomas K. Ng

Actlng Chief

Office of Oecupationsl Health
WHO, Geneva, 1989
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Introduction

Opening the meeting on behalf of the Director-Gemeral, Dr Hiroshi Naka jima, Dr Thomas Ng,
Acting Chief, WHO Office of Occupational Health, polnted out that many countries, particularly
those in the developing world, werae looking for guidance iIn establishing occupational expogure
limits for ashestos, in order to ratify the ILO Asbeatos Convention {No. 162). ’

The meeting began by teviewing the two special background papers, prepared by
Professor M.J. Gardner and Dr R. Murtay. After proposing certalu wodificatious, the meeting
recommended the publication of these two papers as anuexes Lo Lhe report.

In the course of the review, the meeting prepared a summarty of the evidence on the adverse
health effects of exposure to asbestos. Recognizing the problems and limitations of curreunt
sclentific evidence and methodology, the meeting concluded that despite more than 30 years of
research, the evidence was still insufficient to make a definite statement that there was a
level of exposure to asbestos below which there was no rigk. :

On the oiher hand, the meeting expressed an opinion that a level of coantrol could be
achieved, particularly with respect to chrysotile® asbestos, at which the risk of any asbestos-
related disease that might oceur would be very small. This opinion was based on the weight and
direction of the evidence, reflecting the best judgement at present. The recommendations were
made chiefly according to this opinion, :

Summary of the Evidence on the Advserse Health Effects of Ezpogure to Asbestos

1. General

(a) Occupational exposure to ashestos by inhalation can cause pulmenary fibrosis (asbestosis),
lung cancer, wmesotheli{oma of the pleura and peritoneum, and changes to the pleura
{thickening, plaques, effusion).

(b} Exposure levels which are adequate for the control of lung cancer and mesothelioma will
also be adequate for the conttol of all other asbestos-related digeage.

2. Animzl Experimental Evidence

{a) All asbestos types can produce pulmonary tumours and mesotheliomas.

(b} In animal {ohalation experiments, pulmonary tumour incidence has been found to rise both
with dincreasing duration and with increasing fibre concentration of exposure. For
constant conceniration, the response was approximately linearly related to ddration of
exposure, There was no definite evidence for or against a threchold {that 1s, a non-zero
exposure level at which no health efface OCeurs).

(¢) Irn animal intrapleural and intraperitoneal installation experiments, mesothalioma
incidence was related to dose of fibres. There was no definite evidence for or against =z
threshold.

*Here and elsewhere in rhis report, except in sectlons 2(g) and 3(d), “chrysotile” weans
the fibre a2s mined and milled and thereafter used in industrial applications; such fibre often
conlains very small amounts of amphibole fibres or other costaminants.
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(d)

(e)

(a)
(b)

()

(d)

{e)

(a)

(b}

(c)

(d)

(e

Carcinegenicity depends on fibre length: fibres longer than 10 micromelres (am) belng most
carcinogenic. Very short fibres (less thar 2 or 3 micrometres (um) have not produced
tumours experimentally and are probably not carcinogenic.

Carcinogenicily depends on fibre dlameter: fibres finer than (.25 micrometres (pm) being
most carcinogenic. Fibres thlcker than 1.5 micrometres (mm) have not produced tumours
experimentally and are probably not carcinogenic.

There is a body of opinion that carcinogenicity is also affected by durability and surface
properties of the asbestos fibres.

Chrysotile is less durable in lung tissue than amphibole asbestos (crocidolite, amosite,
anthophyllite, actinolite, tremolire).

Lung Burdens of Asbestos Fibres

Asbestos fibre types can be identified in lung tissue and their concentration measured.

For those occupationally exposed to asbastos, amphibole asbestos concentrations in lung
tissue correlate well with estimated workplace cumularive exposure. Chrysotile asbestos
concentrations correlate less well. This poor correlation for chrysorile, together with
the fact that there are much lower lung concentrations, exposure for exposure, suggests
that much chrysotile is eliminated from the lung.

Average asbestos fibre levels of all types in lung tissue decline from occupational to
neighbourhood to general envirommental exposure.

Lung burdens of amphibole, but not of chrysotile asbestos, are higher in mesothelioma
cases than in controls.

Ferruginous {(asbestos) bodies have been used as an indicator of e¥posure to amphibole
asbestos. They are of limited use in determining degree of eXpOSUTE.

Epidemiological Evidence = General

Lung cancer has been produced by all types of asbectos fibre, as experienced
otcupationally. Tn general, the human evidence suggests a lower risk from exposure to
chrysotile than to crocldolite or amosite, although 1t is difficult to substantiate this
difference firmly afrer standardization for exposure levels, type of industry, duratiom of
employment, etc.

The risk of lung cancer is markedly higher among clgarette smokers, the combined risk
being much greater than the sum of the separate risks for exposure ko asbhestos and for
clgarette smoking alone.

Pleural mesothelioma has been produced by all types of asbhestos fibre, as experienced
oceupationally. In general, the human evidence suggests a much lower rilsk from exposure
Lo chrysotile than to crocidolite or amosite.

Periloneal mesothelioma can be produced by crocidolite and amosite. This tumour has
probably not been produced by chrysotile.

For chrysotile asbestos, the risks of lung cancer from employment in mining and in the
manufacture of gsbestos cement and friction products have been markedly less than in
textile production.
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(f) In asbhestos cement manufacture the risks of lung cancer and pleural mesothelioma have been
lower if chrysorile only has been used than i1f amphibole asbestos has alsc been uged.

{g) Asbestos—related diseases (pulmonary fibrosis, lung cancer and mesothelioma) have oceurred
in the secondary production industries, in the application of ashestos inmsulation and
during construction wusing materials contalalang friable asbestos. (As excessive
concentrations of ashestos dust may be released during removal of asbestos or demolition
of structures containing friable asbestos, the meeting expressed concern ahout the
potential hazard 1if adequate control measures are not applied.)

5. Epidemiclogical Evidence of Dose-Response Relations

(2) The exposure assessments used in epidemlologlcal studies have been mainly qualiLaLive.
The exposure of workers emploved three or more decades ago was rarely messured, 5o the
estimateg of fibre levels reported ate subject ot a degree of uncertainty.

(b) Measurement of respomse - lung cancer and mesothelioma — is less problematical.

(¢} TFor Ilung cancer, the vrelationship with cumulative exposure has been found to be
approximately linear in a number of studies, but with wide variaiions in slope.” The
slopes appear to be related to fibre type and to Industry: lowest in chrysotile mining
and 1o the manufactare of friction materials containing chrysotile only, and highest in
Lextile production (irrespective of fibre type) and when amphihbole asbestos is usad.

(d4) Mesothelioma mortality rates ate found to increase in relation to about the rhird power of
duration sinee first exposure to asbestos, with rates of increase related to exposure
concentration, to industry and to fibre type and size. The mesothelioma rates Have been
substantially lower from exposure to chrysotile only than from exposure te amphibole
asbestos, with or without chrysotile.

(2) It 15 not possible to be absolutely firm aboul these relationships and differences because
of the limitations inherent 1in the exposure data, in particular, but alse because of
limitatrions of the epidemiological methed.

6. Implications for Qccupational Exposure Limits

{2) The human evidence hes not demonstrated that there is a threshold exposure level for lung
cancer Or wesothelioma, below which exposure to asbestos dust would be free of hazard to
health.

(b) Although the available data are compatible with the simple statistical models used,
ingluding the postulate that risk is proportiomal to exposure, the models are nol based om an
understanding of the mechsunisms by which fibres cause lung cancer or mesothelioma. With some
of the possible mechanisms proposed, i1t might be held chat there is a threshold level of
exposure below which no cancer 1= produced,

{c) The liferime risks of lung cancer or mesothelioma predicted from the models at the low
levels of occupational exposure to chrysotile currently achisved in some countries are so small
that in designing a study to detect thelr presence or ¢therwise, many thousands of workers have
Lo be recruited into the cohort.

*In this report, “"slope” means the slope of the relationship between death rate (ususlly
measured as the Standard Mortality Ratio (SMR)) and the assessments of exposure, usually
cumulative exposure. The assumption of linearity implies that the slope is constant: that is,
the SMR incresses by an equal amount for each unit inerease in exposure (sectiom 5. C.3 of the
paper by Professor M.J. Gardner),
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(1)

There are differences between predicted risks by fibre type and by industrial process for
the same fibre concentration and duration of exposure. These arve relevant Lo
interpretation of the evidence and for targeting of occupational conttrol measures.

Far 1lung cancer, there are differences between predicted risks for smokers amd non-
smokers, the risks for smokers being mueh higher than for aon—smokers. Thus, the overall
rigk for an occupational group 1s dependent on smoking habitg.

Conclusions on Qceupational Exposure Limits

There 1s no substantial evidence of a threshold for asbestos exposure below which cancer
does not oceur. However, thete is a body of opinion that holds that there is a threshold
and in a number of recently published studies of chrysotile asbestos workers, no excess of
asbestoa-related disease hac been demonslrated.

On current epidemiclogical models, the lifetime risks of lung cancer and mesothelioma can
be caleulated for various combinations of exposure level and duration of exposure.
Examples of these caleulations are given in  Annex 1, in the paper by
Professor M.J. Gardner,

For working populations with a low prevalence of smoking, the aszsociated lifetime risks of
ashestos-related lung cancer will be lower. The reverse 1s also true.

Among chrysotile asbestos applications, the risks of developing asbestos-related disease
in mining, in the manufacture of asbegtos cement products and In the manufacture of
fricvion materials are comparable with each other for the same level of fibre eXposura.
For reasons that are not understood, the risks are higher in the asbestos textile industry
for the same estimated level of fibre exposure.

Conciderations on the Measures needed to get Occupational Exposure Limirg

The occupational ewxposure limit to be aset by any country can be get only by the
appropriale natlonal body and should take into account national prioritfes. The nationeal
body should take into account that the limit iz almed at protecting the health of the
workers many decades ahead.

It needs to be recognised that the setring of an occupational exposure 1imit 1= only one
part of the programme to protect the health of workers. The programme should also include
dust control, monitering, adherence to good work practice aud, if appropriate, the use of
effective respiratory protective equipment .

The 1mplementation of an occupational exposure limit thus set particularly requires that
the monitoring of its application be adequate. Approptiate occupatlonal hygiene training
iz easential.

It was observed in the meeting that:

(i) gravimetric and fibre counting occupational exposure limits are both used;

(11) the biologiecal effects of asbestos depend on the exposure to fibreg of certain
sizes;

{(144) most evidence on health effects 1z based on particle and fibre counts;

{iv) in fibre counting methods, only fibres longer than 5 micrometres (pm) with an
aspect ratlo of 3 to 1 are considered for occupational hyglene practice;
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{v) gravimetric methods have some advantages, in pagticular for evaluation of the
efficlency of control of the occupational environment; and
{vi) iirrle work has been done to show the relation hetween gravimetric and fibre

counting measurements.

Recounendations

The health information contained in this report should be taken into consideration by
appropriate national authorities, together with the relevant technological and economie
considerations, iu setting and revising occupational exposure limits for azhestos.
Attention is drawan to 6.a #n the above summary that the human evidence has not
demonstrated that theve is a threshold exposure level for lung cancer or mesothelioma,
below which exposure to asbestos dust would be free of hazard to health.

For chrysotile asbestos, it is recommended that countries currently having high limits
ghould take urgent steps to lower the occupational exposure limit for an individual worker
to 2 fibres/ml (8-hour time weighted average), based on health reasons alone. It is also
reconmended that countries should move quickly to lower the occcupational exzposure limit
for an individual worker te 1 fibre/ml or below (8-hour time weighted average), if they
have not yet already done s0.

For croeidolite and amosite asbestos, on the basis of health, it is recommended thar their
use should be prohibired as soon as possible. Restricted use in the interim period should
be exercised with great care to ensure that exposure is less than that permitted for
chrysorile.

The health effects of exposure to the £ibrous amphiboles, other than ecrocidolite and
amosite, should be investigated urgently wlth the intent of providing information for the
recommendation of appropriate occupational exposure limits. For the time being, their use
should be restrictaed and the exposure to these fibres should be less than that permitted
for chryseotile.

Study is needed of the extent to which contamination of chrysotile ashestos by traces of
amphibole asbestos modifies effects on health.

Those countries which use or intend to introduce gravimetric occupational exposure limits
should investigate the assoclation between gravimetrie and fibre—count weasurements to
relate their limits to the fibre-count limits stated in paragraph 2 above.

Because implementation of the recommended exposure level is as important as the setting of
the level itself, it 1s recommended that practical asssistance be made available ro
countries, on request, in educatiom, training, monitoring methods and equipment for safety
fn the use of asbestos. Current international efforts should be supported and promoted.




ANNER 1
A REVIEW OF THE AVATLABLE EVIDENCE FQR SETTING OCCUPATIONAL EXPOSURE LIMITS FOR ASBESTOS
1. INTRODUCTION

1.1 This paper c¢an be viewed as: (a) updaling the document "Asbestos — the conlrol -limit for
asbestos” by E.D. Acheson and M.J. Gardoer (1983), and (h) presenting conclusions on aspects of
asbestos usage in relation to occupational cancer risks. It also ineludes a shori, review on
occupational exposure limits in general, including limits for occupational carcinogens, and
considers the most appropriaste title for the World Health Organjzation (WHO) recommended
occupational exposure limit for asbestos.

1.2 The review 1s essentially limited to the issue of occupational exposure to ashestos and
evidence celating Lo any health effects thal may or may not result. As a result, asgbestos
exposure outside of the workplace will be glven scant atiention.

1.3 Within the review there iz a discussion of the relevant sclentific literature,  focusing
on that published in recent years. This is presented mainly in telation to different fibhre
Lypes, industries and dogse-response relationships for cancer - particularly lung cancer and
mesothelioma.

1.4 As background to the need for the WHO Consuliation Meeting, some information on current
trends in usage of asbestos is given al the outset. The implications for exposure control
during this usage is then discussed in the light of the seientific avidence.

1.5 Finally, some discusslon of different terminology for gecupational exposure limits is
presented together with commenis ou setting occupational exposure limits.

il
1.6 The Annex to the main review paper contains some predictions of numbers of excess lung
cancer and mesoLhelioma cases that might occur from different durations of QXPOSUTE Lo varving
low concentrations of chrysotile asbestoy in developing and developed countries.

1.7 The literature reviewed was largely complled from & MEDLINE search in December 1988
together with some material provided by The Ashestos Institute.

1.8 This review has been somewhat cevised from rhe original version to rake inte, account
relevant discussion at the WHO Consultation Meeting. T am grateful to the participants for
their comments, but take responsibility for this final version.

1.5 This report was typed by Mrs Brigid Howells to whom I am most grateful.
2. TRENDS IN ASBESTOS USAGE

2.1 World production aad consumplion of ashestos peaked iun 1976, but during the early 1980s
declined only slightly - from about 4.2 million tonnes in 1981 to some 4.0 million tomnes in
1985 (Asbestos Institute, 1986: Becklake, 1987). Levels during 1986 and 1987 were similar
{Asbestos Institute, personal communication). The major producer, the USSR, mined some 50% of
the world's asbestos during this period.

2.2 Among the main producers levels declined in some countries = namely in Canada, Zimbabwe
and South Africa. Production in Canada deecressed from 1.1 to 0.7 million tounes dﬁring the
five yesar period 1981 to 1985, a decline of 130 per ceat. A similat relative decrease also took
place in Zimbabwe and South Africa.

2.3 Io other countries, at lower levels of production, relatively more asbestos fibre was
mined over these years - such as {n China and Brazil.

2.4 South Africa 1s now the only counlry producing amphibole fibre, and virvtually all of
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this 1n recent years has been exported (Becklake, 1987). There was a marked decline during
1987 Lo a figure of some 75 thousand tomnes (Asbestos Institute, personal communication).

2.3 Demand fur asbestos is increasing in South America, Asia and the Middle masy -
represent ing aboul one~third of world demand.

3. THE ASBESOTS-RELATED DISEASES

3.1 Certaln diseases ave now universally accepled as having the potential o be caused as a
consequense of exposure Lo asbestos fibres. These include ASBESTOSIS, CANCER OF THE LUNG and
MESOTHELYOMAS OF THE PLEURA AND PERITONEUM (see, for example, Acheson and Gardner (19793,
Ontarle Royal Cemmission (1984) or Doll and Peto {1985)). Asbestosis is nor considersd further
in this review which concentrales on cancers, although a comment should be made rhat asbestosis
is generally acknowledged to be caused only by high lavels of asbesro=z expogure,

3.2 The quastien of whether or not CANCER OF THE CASTROINTESTINAL TRACT is related to
ashestos exposure is one that has been debated since the firsr suggested excess in asbestos
workers was published and it 1s still unclear. Recent reviews by Frumkin and Berlin (1988) and
Fdelman (1988a) have <ome to opposite conclusions. The former containmed a meta-analysis ¢f 31
cohort studies and, taking as a proxy measure of asbestos exposure 4 doubling of Lhe lung
cancer death rate, reporled an elevated mortality from gastrolntestinal cancer in assoclation
with asbestos exposure - but al a level generally lower than doubling. In this sense the
result is simtlar to the relationship described by Doll and Peto (1985). The review by Edelman
(1983a) of 32 cohorts comcentrated on examining exposure—response data within cohorts, either
by comparing exposed and unexposed workers or looking at gastrointestinal cancer rates agalnst
cumulative exposure, with rhe concluston that no relationship was apparent. In a restricted
review of (mainly) «hrysotile exposed workers, Simonato and Saraccl (1986) reporred
Inconsistent exposure-cesponse relationships but a tendency for the mortality rates from lung
cancer and gastrolnlestinal cancer to be correlated. The review of Edelman (1988a) has bheen
criticised by Radd (1988) for jgnoring the lack of statistical power of small studies and by
Berlin and Frumkin (1988) for erroneocus reporting and for using gqualitative rather than
quantiiative assessment = holh of the latter couments vigorously defended (Edelman, 1988%).

Thete are manmy diffleulties with the interpretation of the available data, recoguised by
the above authors as well as by others, for example, Levine (1985) and Acheson and Gardner
(1983). Overall, it seems that there is a correlation between lung cancer and gastrolntestinal
sancer rates in occupational cohorts whiech {s not due to chance. This assoclation could be
real with both cancers being raused by the same faqtor - asbestos; or 1t could be real with
ditferent causal factors = for exawple, smoking and asbestos on the one hand and soclal and
dietary lactors with or withoul asbestos involvement on the other hand {both lung and stomach
cancer {and smoking) are now similarly soclal class~relared in the UK at least); or 1t could be
due 1o misdiagnosis which 1s faveured by Dell and Peio (1985) - ilmplying that they believe that
ashestos is not causally related to gastrointestinal cancer {except possibly cancer of the
eesophagus) unless asbestos is z2lse causally related to cancers from the totality of other
sites which have 4 similar association with lung cancer rates. Laboratory experiments have
failed Lo produce gastrolntestinal tumours in animals exposed (o asbestos.

An  alternative approeach to exemining the relationship between asbestos and
gastrointestinal cancer comes from considering the results of studies which have been econcerned
with the ingestion of asbestos from water supplies. Three recent reviews have addressed this
topic with similar assessment of no strong evidence for an assoelated overall cancet risk. One
review (MacRae, 1988) was more strongly negative than the other two - first, the Working Group
for the DHHS Committee to Coordinate Environmental and Relared Programs (1987) expressed
caution because of the lack of sufficient information but suggested the elimination of asbestos
ingestion whenever possible and, secondly, Kanarek (1989) considered that “an associarion
between ingested asbestos fibres and cancer of the stomach and pancreas has been found with
some degree of consistency”., The evidence from the available studies on thiz isswe is largely
indirect, based on an ecclogieal approach, and subject to confounding hiasses as well as low
statistical power at the relatively low levels of exposure experienced.
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3.3  The question of whether or not CANCER OF THE LARYNX is related to asbestos exposure 1is
also one thal has been somewhat controversial. A recent review by Chan and Gee (1988) has
concluded that the epidemiological evidence does not support a causal association between
asbestos exposute and laryngeal cancer, whereas Doll and Peto (1985) concluded that' asbestos
should be regarded as one of the cawses of laryngesal cancer. One difficulty here is that
although a number of studies have reported raised levels of cancer of the larynx — although in
most case—conkrol studies the excess dissppeared when gmoking and aleochol were taken into
account and in the cohort studies such adjustment has not been made — there are even more
cohort stuadies where the rvelevanl flgures have not been published. So the available evidence
is selective at present - and it may be that the unavailable evidence is similac te that
published or was possibly not published beecause it did not show an excess. The Industrial
Injuries Advisory Council in the UK have recently concluded that the evidence does not support
a causal asgociation (In press).

3.4 CANCER. OF THE OVARY has been reported in excess in three studles of female asbestos
workers, but it is still not clear whether these are real excesses — and asbestos-related - or
due to misdiagnosed peritoneal tumours (Acheson and Gardner, 1983; Doll and Peto, 1983).
Isolated reports of other tumours associated with asbestos exposure are of far greater
uncertainty as to whether or not asbestos has played any role. These reports include RENAL
CANCER (Selikoff et al., 1979), LARGE CELL LYMPHOMA OF THE ORAL CAVITY AND GASTROINTESTINAL
TRACT (Ross et al., 1982), CARCER OF THE PENIS (Raffn and Kovsgaard, 1987), ACUTE MYELOCYTIC
LEURAEMIA (Kishimoto et al., 1988) and CANCER OF THE BLADDER (Brave et al., 1988). It 1is very
possible that these are chance findings and since they have not been teported generally in the
large cohort studies that have been published. The assoclation of ashestos with renal cancert
has, however, recently been repeated in a case—control study (MacLure, 1987).

3.5 This section is summarised in Table 1.
b RELATIONSHIPS QF HEALTH EFFECTS TO FIBRE TYPE

4.A FExperimental Studies

4.4.1 Animal experiments have shown that asbestos of various types is capable of producing
pulmonary, pleural and peritoneal tumours by inhalation and iInjection (Davis and ‘McDounald,
1988). The 1incldence of tumours has been found Lo increase with daration of exposure at
constant dose in inhalation studies and with dose In injection studies, with tumours heing
produced at both shortest duration and lowest dose levels. Similar findings were desaribed for
reference samples of crocidolite, amosite and chrysotile in these experiments. There was no
suggestion for any fibre type of a time or dose level at which a threshold existed below which
tumours were not produced. The incidence rates at lowest levels, however, were appreclably
smalletr than those at the higher levels of exposure, resulting In a pattern of more tumours
appearing earlier in 1ife at high doges and fewer tumours rvelatively later in 11fe at low
doses.

4.A.2 As well as producing pulmonary, pleural and pervitoneal tumours, asbestos fibres have
bean shown also to cause pulmonary fibrosis by 1inhalarion (again related to duration of
exposure). However, no type of asbestos has been shown to produce gastrointestinal or other
cancers.

4.A.3 Despite the similarities described above in respect of fibre type there is strong
evidence of important diffavences between fibres in their harmful effects. These differences
relate particulatly to fibre dimensions. It is now thought that wvery short fibres (Leas than 2
or 3 um in length) may not be carcinogenic at all and that fibres longer than about 8§ or 10 um
and with diameters under 0.25 um may be the most dangerous in terms of producing mesotheliomas
by injection. At any given injection dose the tumour production vrate seema Lo be closely
ralated to the number of these long thin fibres present.

4oAh Although there is a widespread belief that the physical configuration of fibres
(ashestos and other) is the major factor in their carcinegenicity, the chemical censtitution
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may be important. There is evidence from inhalation experiments that, as well as short Fibres
being retained in Lhe lungs of animals less than long fibres, chtysotile 1is cleared from lung
Lissue faster Lhan amphiboles (Wagner ot al., 1974). It 1s known that chrysotile 1g less
durable than amphibole fibre and undergoes decomposition readily in body flulds and even in
water. The relevance of this ro {diminishiug) the catcinogenic potential of chrysorile {s not
clear, however, particularly when considered in the context of the similar tumgur fncidenae
rates for chrysotile compared to other fibres in animal expariments. Until the mode of action
1s comprehensively understood, the importance of duration of fibre retention in the lung cannotr
be fully evaluated.

buALS Recently experimental studies have examined the effects of modified asbestos filres
and of fibres in the presence of other factors. Thus, Davis et al. (1986a) examined animals
exposed 1o unmodified chrysotile compared with chrysotile prepared by the wet dispersion
process aod reported similar tumour incidence rates fn hoth groups. More rvecently, Davis and
hls colleagues (1988) have cxamined rhe affects of electrostatic charge on the pathogenlcity of
chrysotile. They reported a slightly lower ineidence rate of pulmonary tumours = 1ia line with
lower retention and fibrosis - among animals inhaling discharged fibres compared Lo those
exposed to normally chacged chrysotile. Jones et al. (1988) have reported thal exposure of
rats Lo a (relatively) low concentration (20 fibres/ml) of amosite asbestos results in
locreasing lung burdens with increaging exposure duration without reaching an equilibeium
plateau between deposition and clearance. Tron and colleagues (1987) demonstrated 1in guinea
plgs that smoking 1n presence of amosite asbestos enhanced the development of alrways and
parenchymal disease. The game group have also shown in the gulnesa pig that «igarvette smoking
increased fibre retentlon within the lung (Churg et al., 1987) and lacreased the penetration of
agbestos fibres finto the airway wall (McFadden et al., 1986},

4.A6 Thig sectlon, except the material in paragraph 5, is summarised in Table 2,

4.B  Pathological {lung burden) Studies

4.8.1 Pathologists have been instrumental in recognising and developing an undersianding of
asbestos=-related diseases (Craighead, 1988). Their contribution combines careful autopsy
examinations with their role in experimental studies.

4.8.2 Mineralogical analysis of lung tlssue has been extenslvely used over the last two
decades to describe the types of fibre found at autopsy and to estimate thelr concentrations
(Fooley and Mitha, 1987). The method is best suited to agsess liferime exposure for filbres
reaching the target organ that are nol eleared by dissolution or other processes. Otherwige
its results are of more limtted value as effective exposure measures, although if long=—tern
reteation 1is important in producing effects then such measures bacome more relevant as
comparative doses.

4.B.3 A recent example, implying oceupational exposure to asbestos being invelved in an
increased lung cancer rate in a shipyard area of Japan, 1g¢ given by Kishimoto and Okada (1988).
Although in this study increased lung fibre burden was found for the lung rancer cases compared
Lo controls, cigarette smoking hablts are not given.

4.8.4 An lmporiant observation that has been made in this field relates to the apparent
similar lack of retention of chrysotile fibre in lung tissue in humans as for animals. For
example, Sebastien et al. (1987) demoostrared in Quebec miners and millers that although
amphibole (tremolite) asbestos concentrarions {in the lung correlate well with cumulative
exposures (estimated from work histories) such a relationshlp 1is not found for chrysotile.
They show, in fact, that the differences between amphibole and chrysotile =2re remarkably
similar to those found in the animal inhalarion experiments described earlier (see Figure 1 1o
Sebasiien et al., 1987).

4.B.5 The technique has also been used to estimate any differential lung tissue fibre
concentrations between persons occupationally or environmentally exposed Lo chrysotile asbestos
(either who had worked in ot lived c¢lose to a mine) and g reference group who had l{ved in a
different region (Case and Sebagtien, 1987)., Tremolite levels on average were especlally
raized in the occupational group, bul also chrysotile, amosite and crocidolite compared to the

‘“
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other groups. Average chrysotile levels in the eovironmentally exposed group were Intermediate
between the occupationally exposed and reference groups. Similar findings for tremolite and
chrysotile in a smaller study had been reported earlier by Churg (1986). A recent report used
scecidental deaths to estimate lung fibre burden arising from general environmental ewxpogures
(Case et al., 1988). This demonstrated increases with age in asbestos body concentrations but
nol specific fibres, for example, chrysotile.

4.B.6 In a study of the ssbestos conteat of lung tissue, Roggli et al. (1986) have' reported
that average concentrations were higher For cases of asbestosis than mesothelioma than lung
cancer Lhan conlrels, although thers was considerable overlap across diseases. Inm almost all
cases the Lype of fibre identified was elther crocidolite or amosite. This spegific ordering
of mean levels for wesothelioma and lung cancer has not consistently been found in other
studies - the reverse was reported, for example, by Wagner et al. (1988) 1in a study of deaths
among the workers of an asbestos products factory.

4.B.7 This section is summarised inu Table 3.

4.C  Epidemiological studies

This section will be discussed in two parts - first, dealing with fibre Lype divectly and,
secondly, looking at different indastries separately.

4.C.1 Fibre Lype

4.C.1.1 An extended follow-up of the largest cohort of workers exposed to CROCIDOLITE szlone,
in the mines of Western Australia, has coafirmed the high levels of some asbestos—related
diseases associated with exposure to this fibre (Armstrong et al., 1988). The results included
raised levels of asbestosis, lung cancetr, pleural mesothelioma aud stomach cancer ({the latter
was nol exposure-ralated) —~ other cancers of the gastrointestinal tract and also cancers of the
larynx and ovary were not raiged. Median duration of employment was short, about 4 months, but
fibre coacentrations were high vanging from some 20 fibres/ml in the mine to 100 fibres/ml in
the hagping area of the mill.

4.0.1.2 A further follow-up of AMOSITE asbesios factory workers making imsulaticn products
in  Paterson, New Jersey, has confirmed raised mortality from askestosis, lung cancer,
mesothelioma and gastvolatestinal cancer (Seidman et al., 1986; Ribak et al., 1989). The
results include a demonstration of continuing high rates of ashestosis, lung cancer and
gastroinlestinal cancer (the lalter was not expousure-related) some 35 years after rche factory
was ¢losed in 1945, alrhough the same 1s not found for mesothelioma. Median duration of
employment was only about & months, but estimated fibre concentrations rangaed from 15 to over
100 fibres/ml in some areas of the factory. Workers at an amesite ashestos factory making
insulation boards in London have also experleaced a continued high level of lung cancer many
years after leaving exposure (Gardner et al., 1988). In these two studies, as well as that of
crocidolite workers (Armstrong el al., 1988), lung cancer rates were ralsed by 3 or 4-fold or
even greater in the more highly exposed groups. A recenl gtudy of a small group of warkers at
a factory in Ontario making imsulation waterials contalniong amosite asbestos has also reported
an excess of lung cancer and mesothelioma (Finkelstein, 1939),

4.C.T1.3 Meurman and his eolleauges (1979) reported an overall doubling of lung cancer among
ANTHOPHYLLITE miners and millers in Finland. The velative visk was higher in the mowve heavily
exposed workers. Unpublished rtesults also show a raised incldence of mesothelioma
(Buuskonen, M,5., persunal communicacion).

4.C.1.4 McDanald and his aolleagues (1956) have repocted on a mortality follow—up study of
miners in Montana working with vermiculite ore contaminated with about 57 TREMOLITE ashestos,
which is from the same amphibole asbestos series as crocidolite and amosite. Vermiculite i a
micaceous mineral for which no adverse effect is expected, but the cohort have expetrienced
reised death rates from lung vancer (by about 3~fold), pneumcconiosiz and mesothelioma.
Mortality from the fiver twoe causes of death showed an increase with rizing estimated
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cumulalive Fibre exposure levels. Similar findings have recently been published on a slightly
lavger, but overlapping, cohort from the same mine (Amandus et al., 1988).

4.C.1.5 Apart from the cohort studies mentioned above, other studles of workers exposed only
or mainly to amphibole asbhestos consist of varlous groups involved in the manufacture of gas
magks containing crocidolite Filters avound the period of World War TI. These studles
(reviewed by Acheson and Gardner (1983), Doll and Pato (1985)), in Canada and 1n England,
identilied subsrantially increased lung eancer and mesothelioma rates.

4,C.1.6 When it comes to studies of CBRYSOTYLE ashestos exposute, either aloune or as the
predominant fibre, {here are a larger number of studies available. Their combined results, as
available a few years ago, were reviewed by Doll and Peto (1985) - from Tables 4/1, 4/2 and 4/4
of thelr report it 1is possible to make the following observations. Whetre chrysotile alone has
been the fibre thal Lhe workers were exposed to, the lung cancer overall SMR (ratio of observed
Lo expected deaths x 100) is 118, indicating an 18 per cent excess over comparigon rates.
Where exposure had been defined to be principally to chrysotile the SMR was 137 compared to 161
for exposure Lo only ot mainly crocidolite and 332 for amosite. Doll and Peto (1985) actually
presented these comparisons io terms of the lung cancer excess as a percentage of rtotal deaths
in the cohorts - giving a similar comparative pattern of 1.18%, 2.52%, 4.53% and 11.49%
respectively. All the figures given are for men, but the trends arve similar on less evidence
for women. Doll and Peto (1983) also gave results for mesothelioma which mirror the lung
cancer findings in terms of trends with fibre type (except for the vvder of the amphiboles)

= thus, again for wen, the percentages of total deaths eerlified as mesothelioma are ©.29%,
0.87%, 4.19% and 1.877% vespectively.

4.C.1.7 The lung cancer results given iIn the previous paragraph are based on expected
nurbers of deaths calculated from a mixture of national and local mortality rates and do not.
conslder direclly the cigarette smoking habits of the workers relative to the comparison
populations. However, there is no reason to believe that these factors produce a misleading
trend with asbestos type, even though the levels of rhe 5MRs may not be of the cortect absolute
magnitude. Also, the categorisation of workfortces by fibre type {s necessarily somewhat
judgemental and not  always straightforwacd from information gilven im published pPApETS.
However, it is relevant to comment that Doll and Peto's "chrysotile only” group is dominated
numerically hy Canadian c¢heysotile miners and millers, who are known Lo have been exposed to
tremollle amphibole asbestos at low level as a contaminant (see earlisr gection).

4.C.1.8 sin¢e Dell and Peto's review Further relevant studies have become avajlable which
bear on the issue of exposutre Lo chrysotile only or predominately. Thus, Lwo tTeports on
avbestos cement manufacturers where virtually only chrysotile was used were published by Ohlson
and Hogstedt (1985) and Gardaner et al. (1986). These studies, which had similar findings to
those for a comparable workforee examined by Thomas et al. (1982), showed no excess of lung
cancer mortality over expected and no cases of mesothelioma attributable Lo chrysotile exposure
during these employments, All three of these studies were, however, zomewhat small.

4.C.1.9 The figures given from Doll and Peto (1983) in paragraph 4.C.1.6 would be modifled
slightly by the further follow-up fiadings in ctocidolite and amosite workers {see paragraphs
4.C.1.1 and 4.C.1.2) and the two new stdidies described of chrysotile workers (see paragraph
4.C.1.8). However, these latest findings would have no appreciable {mpact on the
interpretatcion.

4.C.2 Industrial Process and Fibre Type

4.C.2.1 Une of the most widely studfed industries, and more important in terms of current
and poLential future use of asbestos, s the producticn of asbestos CEMENT. The outcomes 1n 11
different cohorts, including the largest studies from the USA (Hughes et al., 1987) and from
Canada (Finklestein, 1984), were reviewed by Gardner and Powell (1985). Thelr conclusion was
that workers exposed almost exclusively to chrysotile fibre showed little {ndication of ralsed
levels of asbestos-related diseases, in contrast to workers making similar cement products from
mized fibres containing mainly chrysotile but also crocildelite and amosite. These conclusions
ware supporled o 4 teview of the same studies by Ohlson (1988).
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4.C.2.2 Slnce the paper by Gardner and Powell (1986) was published, more information has
become available - in the form of further follow-up in two of the 11 gohorts and the reporting
of three new studies. The further follow—up in Denmark (Raffn et al., 1989) confirmed the
excess of lung cancer ameng employees of a2 plant using mixed fibres reported previously by
Clemmensen and Hjslgrim-Jensen (1981) - the latest study also gave rise Lo the report of cases
of caacer of the penis referred to earlier (Raffn and Korsgaard, 1987). The updated reporr by
Albin er al. (1988), however, appears o negate a lung cancer excess publighed aarlier in a
Swedish mixed fibre factory (Albin et al., 1983) ~ although the latest figures include raised
wesothelioma and gastrointestinal tract cancer rates. The new studles are by Woltowitz et al.
{1986), Magnani eL al. (1987) and Beck and Schmidr (1988). The first, from West Garmany,
found raised levels of lung cancer and mesothelioma amoug registered workers with mized fibre
exposure. The second, from Italy, found very large increases in lung cancer and mesothelioma
as well as asbestosis from a plant where 10% of production im 1980 was reported to use
crocidelite. The third, also from West Germany, was of workers exposed to unspecified fibre
types where, although excesses of asbestosls and mesothelioma were found, raised lung cancer
rates were apparently not ildentified.

4.6.2.3 Two studies of workers manufacturing FRICTION MATERTALS from mainly chrvsotile have
been published. The first showed no excess of lung cancer mortality and provided avidence that
the mesothelioma ¢agez in the cohort were either assocelated with a short period when
crocidelite was used or otherwise probably naot attributable to chrysotile exposure in the
factory (Berry and Newhouse, 1983). A tecent update of this study showed egsentially the same
results as previocusly for lung cancer, and indicated that 11 of a total of 13 mesothelioma
deaths had known contact with crocidolite = of the remaining two cases, 1ln ome the diagnosis
was uncertain and the other worked for two weeks in the fastory exposed to chrysotile with no
further known occupational asbegtos contact (Newhouse and Sullivan, 1989). The second study,
on the contrary, did suggest a ralsed death rate from lung cancer compared to the external
cowparison = that did not seem, however, to be exposure—rvelated — but no cases of mesothelioma
were found (McDonald st al., 1984).

4,C. 2.4 Risks of lung cancer and mesothelioma in MINING of both crocidolite and chrysotile
are now well established (Armstrong et al., 1988; McDonald et al., 1980), with the evidence
suggesting higher risks in the former when the two mining experiences as they were operated in
the past are contrasted directly.

4.C.2.5 As far as the asbestos TEXTILE industry is councerned, the main evidence comes from
twe large studies in the US and one in England. In the first, where chrysotile was the sole
fibre used, there was only one mesothelioma death but a 2-fold excess of respivatory cancer
(Dement et al., 1983; McDonald et al., 1983a). In the second, where exposure was malnly to
chrysotile, but also some gmosite and a small amount of crocfdolite, an excess of mesothelioma
deaths but not of lung cancer deaths was identified (McDonald et al., 1983b). In the English
sludy, where mainly chrysotile was used but there was some long—-term exposure to crocidelite,
excesses of both mesothelioma and lung cancer were found (Peto et al., 1985). It would appeat
that within this industry, at least, mesothelioma is associated with amphibole usage — within
each study lung cancer mortality was related to cumulative exposure.

4.0.2.8 In respect of the INSULATION and INSULATION PRODUCTS industrles, risks are well
established with high rates of both lung cancer and mesothelioma associated with past exposure
to mixed types of asbestos fibre (Selikoff et al., 1979; Newhouse et al., 1985; Hodgson and
Jones, 1986). :

5.C.2.7 Recently reports have been made supgesting asbestos-related hazards in othet
segments of the asbestos—using industry. For example, {n & national case-~qpontrol study 1o the
US, mesothelioma has beeu found to be raised among RATLROAD wotrkers with a history of asbastos
exposure ducring their employment (Schenker et al., 1986). Earlier case reports, as well as
smaller case—control studies, had identified this industry as a potential problem bul no
information on fibre type was given by Schenker st al. (1986) nor by the same research group
from a survey of past exposure levels (Garshik et al., 1987). A more tecent report by Mancuso
(1988) supgests that (Canadian) chrysotlle has been of mg jor  importance 1ia causing
mesotheliomas among railroad machinists involved in lagging operations eatlier this century in
the US, but the degree of limitation of thelr Fibre type exposure to chtysotile does not seem
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Lo have been determined with any certainty. That there was potential for exposure Lo
crocldolite and amosite has been elarified in recent correspondence (Ohlson, 1989: Mancuso,
19894; McDonald and McDonald, 1989; Mancuso, 1989b).

4.C.2.3 A study of CONSTRUCTION workers exposed to asbestos in Sweden has reported an excens
incidence of mesothelioma (Engholm er al., 1987). Although for luang cancer the overall
incidence was less than rhat excepted at national rates, an intermal analysis showed a raised
risk related Lo high asbestos exposure.

4.C.2.9 A sertes of studies 1n Italy have 1dentiffed an asbestos-related hazard 1in the
REPROCESSED TEXTILE industry due to the use of bags that once «ontalned asbestns of various
types to pack rags and clothing (Paci et al., 1987a; Pacl et al., 1987b; Quinn et al., 1987).
Raised levels of lung cancer and mesothelioma ate described.

4.C.2,10 A teport from Sweden bhased onr a small study has linked mesothelioma with asbestos
expogsure in the PULP AND PAPER industry assoclated with wmaintenance work (Jarvelm el al.,
1988).

4.C.2.11 Periteneal mesotheliomas have recently been diagnosed among three men who
nanufactured CIGARETTE FILTERS containing eroeidolite in the US (Talcott et et al,, 1987). Raiged
levels of mesothelioma have previously been reported among assemblers of gas masks with filters
containing crocidolite in Canada and England (Acheson and Gatdner, 1983).

4.C.2.12 This section 1s summarised in Table 4. (The summary calls also on material not
coverad 1In thie review but discussed by Acheson and Gatdner (1983) and by Doll and Peto
(1983).

4.D  General Comments on Chrysotile

This section will briefly review some published discussion on 1ssues principally related
Lo chrysotile asbestos compared to amphiboles.

4.D.1 More than ten years ago McDonald and MeDonald (1977) assembled epidemiological
evidence suggesling that chrysotile had been less of a mesothelioma hazard than amosite or
crocldolite, a view largely shared by Acheson and Gardner (1979) also 1a respect of lung cancer
- leading Lo the {ntroduction of stricter hyglene standards for crocidolite than amosite than
chrysotile in the UK. This conclusion, and differential fibre control limits, were reaffirmed
by Acheson and Gardner (1983) after the availability of further relevant data, and agaia by
Doll and Peto (1985). Berty (1988) has recently oun wore evidence reached a similar opinien.

4.1v,2 Such conclusions, however, go somewhatr against the evidence from laboracory
experimencs which has indicated that exposure to chrysotile has been at least as hazardous to
animals as exposure to aqual mass concentrations of crocidolite or amosite (Davis and MeDonald,
1988). However, since the numbers of fibres per unit mass of chrysotile {s genmerally greater
than for erocidolite than for amosite, the pattern of mesothelloma frequency is much more even
when equal numbecs of ftibres are considered (Doll and Peto, 1985). Additionally, the flbre
dimenstions, perhaps particularly chrysotile, used in the animal experiments have not alwaya
¢logely regsgmbled those of human industrial exposure.

4.D.3 The view taken 4in paragraph 4.D.1 above has npot been widely followved elpewhere. A
differential view of fibre Lype in asbestos control has not been shared by all rountries, for
example, the U5 and more receantly West Germany.

4.D.4 One particular recent statement about the relative abilities of chryszotile and
amphiboles to csause wmesothelioma f{n man (Dunnigan, 1988) has produced substantial
cortespondence.  Dunnfgan's  argument  was  essentially  implying that  evidence  from
epldemiologieal and mineralegical lung fibre burden studies had developed a consensus view
thav: “cheysotile alone has little or no mesothelioma-producing potential” {the animal
evidence was not mentioned) and alse that: “amphiboles (including tremolite - although not
directly stated) are mainly responsible for mesothelioma" in man. Responses have raaged from
glving some puarded support, but exprassing cautious comments (Cralghead, 1988; Roggli, 1985;
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McDonald, 1988; Davis, 1988;  Sluis-Cramer, 1988), to serious concern about exackaess of
statements (Churg, 1988), to questioning whether chrysotile has a nom-significant rtole in
mesothelioma (Kogan, 1989), to disputing oLhat fibre type has any differential role
{Lillienfield, 19883)}.

4.D.53 It is probably most reasonable to say that the issue of fibre type is curtrently
incompletely resolved, although the majority of sclentific assessors of the human Literature
would concur that commercial chrysotile (with or without {its tremolite contaminant) has
generally been a weaker carcinogen than amosite or crocidolite in relation to the exposures and
modes of uwse of these asbestos fibres in the past. If there had been any animal studies of
chrysotile only, without some megsure of {remolite ¢ontamination, they would have more clearly
answered the scientific question of these non-amphibole fibres. However, from other laboratory
studies of, for exanple, glass fibres that are not reatined in body tissue but nonetheless can
produce tumours 1n animals (International Agency for Reseatrch on Cancer, 1988) it seems
unlikely that "pure™ c¢hrygotile would be free of carcinogenic potential. The lack of
durability, although possibly important, does not seem ¢rucial. Additionally and importantly,
the role of fibre dimensions sueh as leugth and diameter, and including surface area (Lippman,
19873, must be kept in sight.

3. EXPOSURE-RESPONSE RELATIONSHIPS

5.4 The Role of Fibrosis in Carcinogenesis

3.A.1 An exploratrion of the role of fibrosls 1o being responsible or a0t for tunours
occurring after exposure Lo asbestos is ongoing. Browne (1986b) in a review paper reaches a
position of feeling that ashestosis (flbrosis) "prepares the soll for subsequent malignaney”.
Some recenl data supporting this view for lung cancer were presented by Hughes and Weill (1933)
from following up workers with different degrees of chest X-ray abnormalities. They found,
however, no relationship of mesothelioma to radiographic status. Liddell and McDonald (1980)
had earlier veported: "that meost, bul neot necessarily all, cases of lung cancer attributable to
chrysotile exposure in mining and milling probably have small parenchymal opacities before
death". Kipen et al. (1987) have warned that there 1is only limited correlation between
radiographic and histological findings of fibrosis awmong persons dying of lung cancer.

5.A.2 The view of Browne above was echoed by Ruschner (1987) In relation to mesotheliona as
well as for lung cancer. On the other hand, Warnock and Iseaberg (1986) found that only 25% of
lung «ancer deaths with velatively high lung tissue ashestos fibre concentrations had
histolegical evidence of fibrosis. ‘

.43 In relarion to low levels of exposure to ashestos the 1ssue 1s whether lung cancer,
in the absence of recognisable asbestosis, can be attributed to the exposure. Thus, can
microscopic fibrosis resulting from some minimal level of exposure be & precursor of cancer
development ot can tumours arigse without some degree of searring ?7 The proponents of a
threshold level of exposure to induce fibrosis before the vrisk of lung cancer can be lncreased
(for example, Browne, 1986a) run counter to epldemiological suggesticon that a linear exposure-
responge relationship is reasonable on the available data for asbestos and lung cancer. Doll
and Peto (1985) argue against the threshold hypothesls on other grounds associated with current
knowledge of carcinogenesis.

5.8 Experimental Stadies

5-B.1 Laboratory experimental studies have shown that where Lumours have been preoduced in
animals as a result of fibre exposure, the {oclidence rvates have Lncrezased with increasing
duration and concentration of the exposure. Thus in the classical experiments of Wagner el al.
(1974), thers was an almost linear relatliongship between the 1Incldence rate and duration of
inhalation, including tumours occurving after only one day's exposure (see Figure 10(a) in
Acheson and Gacdnsv, 1979). The exposure level was kept constant at approximately 10 mg/m3,
and so this implies also an almost linear relatiouship between tumour incidence and cumulative
exposure. Thils has heen used, for example, by BRowe and Springer (1986} to make c¢omparisons
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belween exposure-response relationships found in studies of animals and humane (these aurhory
used a cunversion fagtor of 30 fibres/ml for 1 my /m3 exposura for all fibre types).

5.B.2 Although Rowe and Springer (1986) nlaim reasonable agreement in the slopas of the
anlmal and human exposure-response relationships, {t is probably not appropriate to use the
former = ianvolving speclal assumptioas - for estimatling human risks.

5.5.3 From Inhalatton and injection studies, Davis and his colleagues (1986b) reported that
for any flxed dose level of amosite asbestos {t-e. mass of fibre), the tesponse was strongly
dependent on the length of the fibres present.

-

5.C  Epldemiological Studies

5.C.1 Measuremeut of Exposure

5.C.1.1  In anfmal studies exposure can he fairly readily conttrolled and measured with a high
degree of specificity. On the other hand in epldemiological gtudies, particularly historical
acohort studies, exposure has been less accurately estimated. It has usually come from job and
factory histocvies and in some cases from avallable alrborne fibre measurements usually taken
Eatrly recently for hygienme contrel rather than epldemiological purposes. As a conseguence,
many reporls have heen published uwsing only qualltative rtather rthan quantitative exposure
calegorisation.

3.c.1.2 Where measurements of dust or flbre concentrations in the workplace have been made 1in
the past, they have been with different iostruments and techniques have changed over time.
These have evolved from background dust sampling and particle counting to personal sampling and
tibre counting methods. Reconciliatlion of the results from these various approaches 1s not
straighbforward. A detailed discussion of this area was given by Doll and Peto (1985),
tncluding the comparability of counts made simultaneously by more than one method and the
problem of conversion of concentrations measured in particles to fibres. An example of rthe
latter Ls provided by the different recommended conversion factors for two ashestos textile
plants = 1 fibee/wl = 1 million particles per cublie foot in Rochdale (Peto et al., 1985) and 6
fibres/ml = 1 million particles per cubic foot in South Carolina (McDonald et al., 1983a).

3.€.1.3 It has been claimed by Pooley and Mitha (1987) that “the only WAy ... of satimaring
the dose and effect of asbestos ... with sny certalaty is by ... vesidual mineral content”.
This statement was highlighted by Dunnigan (1988), but desplte the specific advantages of the
meLhod, its limitatloas as an epidemiological tool were listed {v reply by McDonald (1988) to
Include differential retention of fibres and lack of representative coverage due to selegtion
biag for aulopsy. There is no doubt, however, that lung fibre burden studies provide an
important dimenston to the overall problem of exposure assessment and do 1ndicate the minimal
ameunts of fibre reaching the target organ.

3.0.2 Measurement of Response

5.C.2.1 The response, as far as cancer is concerned in epldemiological studles, 1g usually
measured by Lhe rate of death from specifiec tumours - since measures related to incidence are
varely avallable except fin countries, such as 1in Scandinavia, where reliable cancer
regletration exists. Rates in an absolute sense are commonly presented for megotheliona,
whereas for most other cancers ratios relative to those in some external reference populacion
or Lthe lowest exposure group are given,

5.C.2.2 The cholce of an  appropriate external reference population 1is not always
stralghiforward, and any reference immediately possible through the easy availabllity of rates
may not be suitable. Sometimes natlional rates are used, with dublous slagular validity, but
oLtherwise varicus of state, province or other local rates have been used with or without
additinnal adjustments belng incorporated. The problem is of less relevance to internal
comparisons within the cohorr = for example, by job title or cumulative eXpOoOBUTE.

5.8.2.3  Cause of death is usually taken to be the underlying cause as entered on the death
certiticate and as such will not be always correct. Because of this, some investigatores - for
example, Seidman et al. (1986) - have used supplementary information obtained from autopsy and
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other lavestigations to glve a "best evidence” cause of deach. This 1s valuable and reliable
for internal comparisons within a cohort, such as by duration of follow-up, but bf dubious
validity for external comparlsons where similar extra derails have nol bheen sought on abt least
a gample of deaths I{n the reference population.

53.C.2.4 Diagnosis of lung cancer has largely been reliable over recent vyears, and data in
Seidman et al. (1986) suggest Lhat about 90% of their “best evidence” ¢ases were recorded as
lung cancer om their death certificates., Doll and Peto (1985) give a warnlng on mezothelioma
that "some peritoneal mesothelliomas may continue to be overlooked byt pleural mesothelliomas ate
now so firmly identified with exposure to asbestos that, once such a history has been obtained,
they may be more 1ikely Lo be diagnosed inappropriately than missed”. Seidman et al. (1986)
report 6 mesotheliomas on the death certificate compared with 17 on "best evidence” criteria.

3.C.,3 Measurement of Exposure—Response Relationships

5.C.3.1 There are now & large number of studies available where cancer rates have heen

exanined 1o  velation to asbestos exposure either qualitatively or, movre . recently,

quantitatively. The former is in terms of categorical exposure (such as low, moderate, high)

whereas the latter 1s by duration of exposure (at assumed relatively constant estimated

concenLraLion) or by cumulative exposure using estimated fibre concentrations by calendar year
period and workstation where availlable.

5.0.3.2 The different studies show a large variation 1in the apparent ewposure-response
relationships with some showing strong associations and other little or ne evidence of aay
assoclation. Some of the variation may be real and determined by differences in, for example,
fibre size distributions, but others wmay be due to hiasses, perhaps introduced by some
confounding factor(s) such as cigarette swoking, or simply due to chance (i.e. sawmpling
variation)., Facters to bear in mind when considering differences in gexposuTe-response
relationships have been presented previously by Acheson and Gardner (1983) and an extended list
iz given in the Appendix to this paper.

2.€.3.3 Yhere quantitative data on cumulative exposure have been available, it has been found
generally satisfacrory to deseribe the exposure-response relationship for asbestos and lung
cancer ag linear by a number of suthors both of individwal studies and of review publications.
When this has been done, careful reservations have usually been made. These have been not only
bacause of the problems in measurement of exposure and response discussed earlier, bul also
bacause of the implications of this particular model = such as that the relative risk of lung
cancer iz proportional to both duration and concentration of exposure, is {ndependent of age at
exposure and of cigarette smoking habits, increases linearly during constant exposurs and
remalns fixed after cessation of exposure (see, for example, Doll and Peto {19853) or Hughes and
Weill (1986)). Under the linear model, the Standardised Mortality Ratio (SMR) is related to
cumulative exposure (C) by the equation: ‘
SMR = 100 + b x ¢

where b represents Lhe slope of the line and gives the increase in SMR per anit increase in
fibre/ml-years 1f these are the units of measuvement of cumulative exposure. Thus, for
example, exposure at 1 fibre/ml for 1 year would ineresse the SMR to 100 4 L and’ produﬂe |
relative Increase in lung cancer deaths of b¥.

5.C.3.4 For megothelioma, relative rigk cannot be estimated efficiently due to the low (or
zero) background vate of this condition. Instead, a model estimating abselute rates has been
develeoped and used by & number of authors (see, for example, Doll and Peto, 1985, and Hughes
and Weill, 1986). Under this model, the mesothelioma incidence rtate U years after starting
exposure for a pericd of 4 years is estimated by the equation:

(L) =k x ¢ x (P = (r=dYP)
where k iz a conslant possibly dependent on fibre type or dimensions among othet factots, ¢ is
the average fibre conceantration level experienced during exposure and p 1 & constant
vepresenting the power of time since exposure to which incidence is proportional. In practice,
k has been found to be of the order of 10-10 to 1078, with lower values for exposure Lo
chrysotile only thenm for mixed fibres or amosite (Hughes and Welll, 1986), and p between
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3 and 4, From this it has been estimated using k = 0.04 x 108, for example, that exposure to
chrysotile at 0.3 fibre/ml for 20 years from age 25 years might glve a lifetime vriak of
mesothelioma of about 0.0005, i.e. 1 in 2000 (Hughes and Weill, 1986 ~ Table 3).

5.C.3.5  Estimates of slopes, h, for the exposure-respouse relationships between asbestos and
lung cancer were rveviewed by Acheson and Gardner (1983) from studies then available (see thelr
Table 6). The estimates ranged widely from about 0.054 (for Quebec chrysotile miners) teo
values of about 2 (for South Carolina chrysoti{le textile manufactuyrers and London asbestos
product workers). Some evan higher values shown (in that Table 6) were mentioned to be of
dubious validity as 1t would appear (hat the external comparison populartions were
inappropriate, and in these studies alternative velative slopes (Liddell and Hanley, 1985)
caleulated by not fixing the SMR to bhe 100 at zero cumulative exposure gave lower values.
Nopetheless the differences im slope are greater than can be aceounted for by sampling
variavion and must be considered as possibly related to differences in the environmental
conditions in the different Iindusiries - posgibly related to fibre dimensiens and Lypes.

5.C.3.6 Acheson and Gardner (1983 - gee their Table 7) wmade various predictions, based on the
different slope estimates assoclated with malnly chrysotile exposure, of lung cancer axcesses
agsoclated with different fibre concentrations. Doll and Peto (1985 — see their Table &/1)
those to cencentrate on slopes estimated only from three studies — those of chrysotile textile
manufacturers in Rochdale (Peto et al., 1985) and in South Carolina (McDomald et al., 1983a)
and of chrysotile winers and millers in Quebec (McDonald et al., 1980) - fesling that the
exposure estimates in other studies were of lesser quality and detail. They suggest that for
the chrysotile textile lndustty, a slope estimate of about 1 is a preferred compromise -~ being
internediate between Lwo sepatate values from the Rochdale data and close to the value from the
south Carolina data using a conversion factor of & fibres/ml = 1 millioen particles per cuble
foor (rather than the conversion factor of 3 used in the maln body of Table 7 to give a slope
of 2 by Acheson and Gardner (1983) - bul see their footnote). Hughes and Weill (1986 - gee
their Table 3) presented a series of slope estimates derived from largely the same astudies and
discussed their wuse in making predictions. They also produced a range of estimates for
predicted mesothelioma rates, as had Doll and Peto (1985).

3.€.3.7 In relation to the rather steep slope reported for these Lwo chrysotile asbestos
textile factories, 1t should be commented that im Rochdale it is known that some erocidolite
wag used (see, for example, Rossiter and McK Ellison, 1986) and in South Carollna it has been
suggested that, as well as some amphlbole being used, the use of mineral oil for dust control
may be a possible co-careinogenic factor (Sebastien et al., 1989). It is also possible that
Lhe avallable methods of exposure meagurément may have wnderestimated the concentratlons of
Fesplrable fibres in the carcinogenic range in the textile industry, where wmilling and opening
would have produced different fibre dispersion and aerodynamlc properties thap in the mives.
For the South Carolina factory some recent analyses, using more sophisticated mathematical
modelling techniques, have confirmed the steep veélationship of lung cancer to cumulative
ashestos exposure (Pearce er al., 1988).

3.€.3.8 The reasons for belng less happy with the slope estimates from some studies of
dsbestos workers than othets mainly relate, as mentioned, to differing lnadequacies of exposure
assessment. For example, for the study of New Jersey amosite workers (Seidman et al., 1988),
fibre exposure has been estimated from levels measured in other, reportedly similar, Ffactorles
in Texas and Pennsylvania. In other cases the original measurements and basls for particle to
fibre count conversions have not been suitably published.

3-C.3.9  Sinee the reviews mentioned in the previous paragraphs were published, further data
on exposure—response relationships in epidemiological studies have bhecome avajilable. Some of
these preseny new data and others update earlier results. They will be discussed in order by
Fibre type.

3.C.3.10 The rcesults of follow—up of the Western Australian CROCIDOLITE miners have been
presented for the first Lime by estimated cumulative exposure (Armstrong et al., 1988),. They
indicate an 1increasing exposure-respomse relacionghip f€or lung caucer mortality with a
slope, b, of about 1 (Hobbs, M.§., personal communication). This slope would seem to be above
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most of the earlisc values reported, except for amosite, tha textile industry, and when
probably inappropriate external comstraints have been adopted. Positive CXpoSULE-Tesponse
relationships movre than 20 years from first exposure wara found in this study for pleural
mesothelioma and for asbestosis, but not for stomach cancer. For mesothelioma, the value of k,
about 0.15 x 10=8, is of the same order as earliec values for non—¢chrysotile industries (Hughes
and Weill, 1986},

5.C.3.11 The latest results on lung cancer in the follow—up of AMOSITE asbestos -insulation
product workers from New Jersey have also been presented directly in terms of cumulative
exposure for the first time (Seidman et 2l., 1986). This has incorpeorated job specific
estimates (from two other similar factories owned by the sane company - se¢ aarlier paragraph
5.C.3.8) of fibre concentrations and length of time worked. The findings are simllar to those
published earlier {in terms of duration of exposure, and the analysis ingorporating cumulative
expogure estimates glve a slope, b, of about 1.2 (which {# similar to an earlier estimate of
1.1 due to Liddell (1984) based on using an average fibre coucentrations of 35 fibres/ml over
the whole plant). Againm, using possibly inappropriate external reference rates with
constralats would produce a higher slope estimare of about 4 from the new data (Nichelson
(1981) previously obtained a2 value of 9.1). The updated results Ffor lupg cancer in the Loudon
amosile asbestos workers also show a marked exposure-response relationship, but only in semi-

quantitative terms and are inadequate for estimating a value of the slope (Gardner et al.,
1988).

3.€.3.12  In the study of vermiculite miners exposed to TREMOLITE asbestos, McDonald et al.,
(1986) reported fiadings on exposure-response, whlich was supplemented by a further extended
analysis of the workforce by Amandus et al. (1988). The first results showed an Increasting
trend for lung cancer mottality (20 or more years from first enployment) against cumulative
exposure with & slope eslimate for b of 0.7, which was similar to the numerical wvalue found
from an internal case-referent analysls. In the exteaded findings, the same value of the slope,
0.7, was reported from an overlapping but larger cohort - although in the smaller. study the

veference population was taken as that in Montana and {n the larger it was that of the US as a
whole.

5.C.3.13 A ecohort of retired production and maintenance workers from an asbestos products
factory where CHRYSOTILE was the fibre of primary exposure has recently been followed "up to
death” and updated results published (Enterline er al., 1987). The fiadings include a value
for the slope of 0.5 for lumg cancer mortality against cumulative exposure, but in this study
exposure was estimated in million particles per cubie foot and so any comparison of Lhe
slape relarive to other studies would depend upon the conversiom factor Lo fibre counts
appropriate for this workforce. A factor of 3 (Acheson and Gardner, 1933) would suggest the
slope to be 0.17, and other values would make different proportional changes.

3.C.3.14 MeDonald et al, (1984) reported findings on exposure-responge in a cohort of
workers whe had manufactured friction products Ffrom chrysotile asbestos in Connecticut.
Although overall there was sn excess of respiratory cancer, rthils was highest among men with
shortest duration of work — particularly those enployed for less than one year. In terms of
cumplative exposure, although a value for the slope was not given it was shown graphically to
be very similar to that for chrysotile miners and millers in Quebec. McDonald {19835) quoted
the slope to be “effectively zero", as he also did for the slope in the study of chrysotile
asbestos friction product workers in England - glven by the original authors as 0.0%8 (Berry
and Newhouse, 1983), :

5.C.3.13 Ancther detailed review of exposure-response relationships in different studies of
lung ¢ancer and asbestos has been produced by Liddell and Hanley (1985) and, in conjunction, a
technical article describing methods for Fitting such relationships (Hanley and Liddell, 1985).
This review covered much the same studiesz as othera, but the main difference was that
conversion to fibres from particle counts was not attempted. Although this conversion is
undoubtedly problematical, for effective cutrent usage of exposure-response relationships
concentrations measured in fibres are to be preferrved.
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3.C.3.16 The lalest puhlications mentioned abeve have not looked al =z mesothelioma risk
model in the same way as Doll and Peto {1983) or Hughes and Weill (1986), and have not
presented  any  alternatlive model. However, where sufficient nombers are available for

examination, an lncreasing exposure-response relationship has been shown.
5.C.3.17 This sectlon {5 summarised in Table 3.
6. IMPLICATIONS FOR OCCUPATIONAL AXPOSURE LIMITS

Gal Anlmal experimental data have shown Lhat asbestos can produce tumours after very short
duratlon of exposure - for example, after one day's exposure in the {nhalation experiments of
Wagner wmnd his colleagues (1974). However, in this study the rats were exposed to enormous
airborne concentrations of fibres of around 300 fibres/ml, which is an order of magnitude above
the average of reportedly worst conditions for man., Within these studies Lhe tumour response
was approximately linear with duration of exposure — and hence with cumulative exposuce.-

6.2 The reports of a number of epidemivlogical studies have now presented findings for lung
cancer and mesothalioma in relation to quantified exposure estimates. The generally accepted
view of individual authors and of everall reviewers seems Lo be that a linear exposure-response
telationship describes that betweea lung cancer and cumulative exposure empirically. Although
Lo none of the studies was a threshold suggested by the authors, in some cases - particularly
for chrysotile miners and millers and for chrysotile friction product manufacturers — the slope
wis  almost zero. For mesothelioma the fitted model predicts that mesotbhelioma incldence
Increases as about the 3rd or 4trh power of time sioce flrst exposure, depending alsc on
duration and level of exposurte.

6.3 The implications from both of these data summaries to have been preferred {n the
apidemiclogical literature ave that the rvisks both of lung cancer and of mesothelioma from
asbeslos exposure commence with Lhe start of exposure and that there is no level of exposure
below which cisks, however, small, are absent. (Although this sounds damning the same comment
applies Lo many aspects of industcrial and general Iife - such as climbing scaffelding or
driving a ¢av.) A similar conclusion would not be brought, however, for asbestosis. The most
simplistic Interpretation of these models 1s that the data are not incompatible with an
immediately increased risk of some size however small from whatever initial experience, however
short in duration or low in fibre concentration.

6.4 It 1is pertioent, though, to consider the agsessment of the Latter statement {n more
detail. The reasons for Fltting the chosen models have been as much a Ffunction of examinlng
the duta as deriving suitable models based on mechanisms of cawsation. Thus, the fitted models
seeit a reagonable description of the findings over a auaber of gtudles, albeir with differeat
eglimated values of the various pavameters. This is, however, someway removed from saying that
they are the correct models. Beyond the models used others, but more complicated, could be
fitted vro represent the regulis smore closely (such as including quadratic terms), bul these
would have even legs potential plausibilivy. The current models have the advantage of relative
simplicity and reasonably accurate data desoription, against the disadvantage of having no firm
aetiological basis.

6.3 A factor of prime importance in using the models is their relevance and applicability to
levels of exposure below Lhese at which the majority of available human evidance has been
eollected — In pacticular, thetr use for estimating risks at fibre concentrations around levels
that represent these typical of current control limits. One of the main arguments surrounding
Lhe model for lung cancer has been that 1t does not include a threshold (Browae, 1986) and
that, as has also the model for wesothelioma, it has led to the common statement that “one-
Fibre can kill" (Browne, 1987). The argumeat for a threshold, particuelarly in relatien to
chrysotile asbestos, was also put forward by Dunnigan (1986) - but erfticised in reply as belng
based on only a limited review by Lees (1986) who preferred the non—threshold relationship.
The argument 1s nol one that will easily be resolved until there ls more understanding.

hah The identification of any threshold, in terms of a fibre concenttation and duration of
g¢xposure say, would also be problematical. Davls and McDonald (1988), who appear Lo argue foc
a Lhreshold, comment that of the lings fltted to epidemiclogical results for lunmg cancer, none
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pass through the origin. However, if passing through the origin were in fact the true state,
the fitted lines from individual studies would be expectad to pass cloge to the origin = within
the range of sampling variation - rather than actually through it. In Liddell and Hanley's
analysis (1985) of subcohorts with the least severe asbestos exposure from a number of studies
Lhey found, in fact, that movre intercepls appeared to pass above the origin than below it -
probably indicating the potential inappropriateness of the reference populations. These
authors felt that using relative slopes and llnearity without a threshold were not, therefore,
unreasonable explanations of the general phenomenon. On a related point, the data-based
selaction of ranges of low exposure over which statistically non—significant telative risks or
SMRs from lung cancer are found (Browne, 1986; Davis and McDonald, 1988) is not a valid
argument against the overall linear meodel. ‘

6.7 These questions highlight one of the difficulties of epidemiological evidance (and
animal evidence for that matter, although seldom available) at low levels of exposure. There
is likely to be slmost always an inability to differentiate staristically between a threshold
and a non-threchold model if exposurez are low enough and the numbers of cases of disease
cbserved are small. This Is particularly problematical for a aon-specific cause of death sueh
as lung cancer but less so, for example, for mesothelioma (although in some countries 1t has
bean suggested that there exists a background level of non-asbestoes relared mesolheliona). The
same  comment expands to cover diserlminating betwean quadratic, sublinear, or other more
complex models. Thus, Ohlsou's comment (2988) that: "There appears to be no excess cancer risk
for chrysotile ar esposure levels below 20 fibres/ml-years” may be true, buf 1s nol proven by
the available evidence.

6.8 The rveviews by Doll and Peto (1985) and Hughes and Weill {1988) include tables
estimating the numbers of lung cancer and mesothelioma deaths that might oceur at low levels of
exposure for differing ages of starting and durations of exposure (the expanded Tables in the
Amnex to this paper are based on similar models and data). Although they trake slightly
different examples - i.e. concentrations of 0.25 fibre/ml with slope 1.0 and of 0.5 fibre/ml
with slope 0.5 respectively for lung cancer - the predictions are broadly similar (even though
the former uses England and Wales death rates and the latter those for the US). Thus, among
100G workers starting work around the age of 25 years and experiencing 20 years or so exposure,
the predicted number of lifetime attributable lung cancer deaths would be about 2 or 3 and less
than 1 case of mesothelioma would be expected. At current rates in western countries, between
30 and 100 out of 1000 men can expect to die from lung cancer, so that the extra 2 or 3 would
not be detectable above the background level in the presence of sampling variation (regarding
either the 50 or 100 to have Poisson expectations, the standard errors of the number of
observed deaths would be V50 = 7 or V100 = 10).

6.9 The slopes used for prediction in the previous paragraph were, first, a rounded figure
of 1.0 to represenl vesults from chrysotile asbhestos rextile manufacture (Doll and Peto, 1985)
and, secondly, an intermedliate figure of 0,5 from seven considered cohort studies (Hughes and
Weill, 1986). Because of differences between industries, it could be argued that a range of
slopes should be examined - which was done by the latter authors, but they did not extend the
range down to include the low value for chrysotile miners and millers. An example, for these
workers 1s giver by Davis and McDonald (1988) who say that: “no statistically significant
lnerease in lung cancer mortality would have been detected im nearly 2000 men with at least 20
years employment at am average sirborne Fibre concentration of about 20 fibreg/ml, though the
linear exposure-rasponse hypothesis would imply that there was one”. No further figures were
given to support this statement, but taking a value of 0.02 for slope {see Acheson and Gardner,
1983) would predict an increase of about 107 on the approximately 130 lung cancer deaths, i.e.
15 extra deatrhs. Again, this is nol wmuch different to the standard error (V150 = 12.2) = and
g0 if the numbers of deaths actually observed were exactly as predicted by the linear model,
without allowing any sampling variation, then the quoted statement would be true.

6.10 The previous patagraph ralses two issues. First, the szelection of arbllrary levels of
exposure Lo examine separately from i(he overall evidence can be misleading. Where data are
available at different levels of cumulative exposure, they should be examlined for trend, etq.,
in totality = naot at chosen (e.g. low) levels - a point that was brlefly alluded to earlier in
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paragraph 6.6. Secondly, and importantly, there is the problem of the statistical power of
epldemlological studies to detect potentially very low risks at low exposures. The examples
glven are sufficient to indicate that, {f rhe asbestos 1ndustry had operated {n the past at
fibre levels (avound 1 or 2 fibres/ml or less) now belng discussed in terms of conttol,
gpidemiological studies would not have had the power to identify the lung cancer risk - ir is
more difftfcult to make a judgemeat about megotrhelioms. The remsons why some studies have unot
shown a lung cancer excess may be because of this fundamental difffculty - due to small
workforce size and low level of exposure = {n detecting potentially low risks (Davis et al.,
1985). (These comments would alse apply to knowledge about the potential carcinogenicity of
tobaceo smoke 1 exposures had beea around, for example, one clgarette per week - and cectainly
dare relevant Lo the ability to detect current occupational or envirommental carcinogens present
at low levels.)

6.11 S0 it would scem that the available epidemiological evidence alone is insufficient to
digscriminate belween varlous possible exposure~response relatfonships at low levels - in
particular, betwsen a linear and a threshold model. Introducing other tnformalion does not
seam Lo resolve the iasue firmly efther. Thus, the threshold hypothesis i{s largely foundsd
on the idea that asbestos first causes fibrosis and then asbestos-related lung cancers occur
only sgecondary to such tilssue damage. However, this idea - although still attractive to some
(Browne, 1986; Kugehner, 1987) - 1is not regarded as plausible by Doll and Peto (1985). The
latter authors argue that while it {5 not demousttable that linearity is cotrect, although it
is not lncongistent with the evidence, nor is it demonstrable rthat there 1s a threshold
exposure below which cancer 1s not produced. There would not seem at present to he any
positive evidence for such a threshold, even though argumeats exist as to why, at low
exposures, fibres might not reach the target organ. If such a threshold, given that 1t
exlsted, was identifilable then the implication iIn terms of occupational exposure limits would
be stralghtforward; if the intention were to remove human risk from fibre expasure gltopether

- then simply keep levels permanently below this threshold. Otherwise the aim has te be to
minimise exposutre to levels as low as possible that produce risks that are "negligible' or
‘acceptable’.

6.12 In the larter sgense it would appear from the evidence available and reviewed tn Chils
paper, based on the reported health effects upon man From asbestos as it was mined and used in
the past, that control should be differential by fibre type and/or 1Industrial process.
However, 1t could he that such differences as have heen shown are all related to fibre
dimensgion (and possibly ratention), but this information 1s not vet available for certain.

6.13 To date, there have been differences between countries in the interpretation of the
evidence when judged by thelr actions to control asbestos. Tn the UK, a differeatially lower
limit for exposure Lo crocidolite (0.2 fibre/ml) compared to chrysotile (2 fibres/ml) was set
in 1969 and for amoslte (0.5 fibre/ml) compared to chrysotile (1 fibre/ml) in 1983, and both
amphibole [ibres were effectively banned from importatfon in 1986 — at other times there were
praobibitions imposed on asbestos spraying and ashestos imsulatfon. Tn the US, there has
never been any differeatiation by fibre type 1n the recommendations of the Occupational Safery
and Health Adwinistration for lowering standards from 5 fibres/ml 1im 1972 to 2 fibres/wl in
1976 to the current permissible exposure Iimit (PEL) of 0.2 fibre/ml {in 1986, although the
latver did inglude special requirements for the construction industry only., Neithet was there
any differentiation by fibre type in the call by the Environmental Protection Agency in 1986
for a phaging outr and banning of asbestos products, although the American Conference of
Governmenl: Industrial Hyglenists set lower threshold limir values (TLVs) for crocidolite (0.2
fibra/ml) and amosite than chrysotile (2 fibres/ml) in 1980.

6.14 This section is summarised in Table 6.

7. CONCLUSLONS ON RISKS ASSOCIATED WITH OCCUPATEIONAL EXPOSURE LIMITS FOR ASBESTOS

7.1 Duncan {1981) has written that “"the concept that absolute safety ls achlevable 1ln any
human activity is misleading”, and argged that concern should be with relative visk and the

acceptability of that risk. The formecv would be calculated from determined exposure-response
relationships and the latter derived by comparison with risks run by man in other activities.

e
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The idea runs contrary to the nation of a threshold level = but containg, for example, the fact
that nearly all workers falling from the top of a high Wbuilding would be expected Lo die
whereas only rarely would a death result from falling at ground level.

7.2 The relative risk of lung cancer at low levels of exposure can be considered uslag cne
of the examples provided by Hughes and Weill (1986). For chrysotile asbestos cement
manufacture they take a value for the slope, b, of 0.5 and consider the effect of 20 years
working at a level of 0.5 fibre/ml from 25 years of age. This produces an SMR for lung cancer
of 103 and a lifetime ¢xcess predicted number of lung cancer deaths among 1000 men of 2.6 - or
an individual risk of about 1 in 400, (This compares with shout 50 deaths from lung cancer due
to smoking among 1000 men in the US or an individual risk of 1 in 20 - or more spectfically
about 1 ir 10 for a swoker.) Because of the linearity assumption of the model, it is fairly
straightforward te caleulate the relative riak and excess deatrhs from lung cancer at other
exposure levels and durations or postulated slopes - for example, at 0.25 fibre/wl for 20 years
with a slope of 0.05 (approximately the value for chrysotile friction product manufaciurers),
the predicted SMR would be 100.25 and the expected excess deaths 0.175 with an individual risk
“of about 1 in 8000.

7.3 The numbers of excess deaths and, therefore, tadividual risks in any use of the nodels
for prediction at lower levels of exposure and different working populations fs eritically
dependent, for lung cancer, on the levels of clgarette smoking. Tf these were lower than in
the past or lowet than in the populations used for demonstration by, for example, Doll and Peto
(1985) and Hughes and Weill (1986), then the estimates of risk would be lower also. Thus, 1f
only 1% of deaths were from lung cancer (rather thag about 5% as currently in manpy Western
c¢ountries), the expected excess deaths in the original sxample from Hughes and Weill (1986)
would be 0.5 (rather than 2.6) and the individual risk about 1 in 2000 (rather than 1 im 400).
On the contrary at higher smoking levels the reverse would be true.

7.4 For mesothelioma the relative risk notion, as said earlier, {s not veally appropriate -
unless in a3 country with a measurable background rate of nonm-ashestos related nesothelioma.
However, the expected number of deaths due to mesothelioma from exposure to chrysotile fibre
ouly is subsvantially less than that For lung cancer. Again using the example of chrysotile
asbestes cement workers of Hughes and Weill (1986) working For 20 years at a level of 0.5
fibre/ml from 25 years of age, the predicted number of mesothelioma deaths using

k = 06.04 x 1078 would be 0.5 - or an individual eisk of about 1 in 2000 (compared with figures
of 2.6 and 1 in 400 respectively for lung cancer — see Section 7.2).

7.5 An Important cousideration in assessing the impact of these figures is that. they ave
caleulated on the assumption that, for axample, a workforce of 1000 men are all equally exposed
to the same fibre concentration - for example, 0.5 fibre/ml. This, however, is unlikely to be
the case. Thus, 1f 0.5 fibre/ml were Lhe control limit for exposure, 1t 1s probable that among
the employees only a proportion would be working at ot near this level - which in practice is
intended to be a maximum {ndividual value. This proportional reduction would probably vary
From one iadustry (o another, but as a consequence the average ewpasure level over the
workforce may be as little as one~tenth of the control 1imit (Acheson and Gardner,  1979). An
immediate implication iz that the overall tisks are rhen only one-tanth of those discussed 1in
Lhe previeus paragraphs - i.e. for lung cancer an average individual risk of 1 in 400 becomes
1 in 4000. o

7.0 An additonal factor ia considering the applicatfon of results from past cohorts of
workers for devising and asgessing current and future controls on ashestos use is the
following. Thetre have been changes in the techniques of exposure assessment over the years and
these may have implications for comparisen of past and curtently measured fibre concentraticns.
In particular, the use of the eyeplece graticule method of counting is estimated to have
increased fibre counts by a factor of about 2. In addition, the use of a personal rather than
static sampling approach may arguably also have produced an overall small increase in counts
alsa - although the specific multiplying facltor and direction varies widely both between and
within manufacturing processes (Acheson and Gardnar, 1979).
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7.7 The effects of rthe factors in the previous two paragraphs may be to lower the predicted
risks of lung cancer and mesothelioma in current overall workforces by a factor of as much as
LO and pessibly up to 20 below those typically presented for a specified fibre concentration

- if thils were to be the presently measured maximum level. Thus, to use the orignal example
(In paragraph 7.2) from Hughes and Welll (1986), the expected excess luag cancer deaths would
now become 0.26 (or 0.13) glving an average individual predicted lifetlme rtisk of about 1 1n
4000 (or 1 in 8000) =~ and the number of cxpecled mesothelioma deaths would be 0.025 giving an
average individual predicrted lifetlme risk of about 1 in 40,000

7.8 It i3 possible to develop a further argument from the Ffact that the usual exposute
nitustion will be of varying fibre concentrations below the control limit over the total
workforae = depending on job location, job title, ete. Thus, 1f the upper value is 0.5
tibra/ml, there will be a range of exposures In different production or manufacluring areas
ranglng from zero to at most 0.5 fibre/ml. Thus, different jobs will present different levels
of risk within the same process, and so different workers will be exposed to differential
individual risks. If the postulated lineat relationship of lung cancer rlsk with fibre level
or cunulalive exposure is true, however, then the overall workforce risk will be fixed - =zad
this knowledge could be used to distribute the risk more avenly among the workets by their
oecasfonal relogation to share the lower and higher exposed johs where this was feaslble 1in
Lterms of ahility to perform multiple tasks.

7.9 The nrottons developed in this section have largely been discussed 1n the context of the
tisk belng proportional bte exposure without a threshold. If a threshold, however, exlasts and
iz above the levels of current control limits then, of course, these predicted risks are
incorrect and should be replaced by zetvo values, Otherwise, sublinear or gquadratic (or
slgmoid) models {f applicable at lower exposures would produce either greater or lowetr risks
respectively than the linear model. However, if risks over the whole workforce are lower than
those asso¢lated with the specifilc highest allowable levels of exposure in the manner discussed
in Lhe precedlng paragraphs, this would give an extrs indleation why studies at low exposure
levels and of 1imited follow—up durztion (often coosiderably less than lifetime) have not
detected, and are highly unlikely to detect, any excessag.

7410 Later age at first exposure would lower 1ifetime rvisks of both lung cancer and

mesotheliona.

7.11  Similar arguments to those in the above paragraphs would apply to sections of the
asbestos industry other than cement produets. For chrysotile, risks estimated at the same low
levels of exposure for mining and manufaeturing frictfon products would probably be about the
same as those plven for cement products, and less than in textile production. Risks from
amphibole fibre and from mixtures of ftibre types would be predicted to be higher than from
chrysotile except possibly in textile production.

7.12 This seation {s summartised in Table 7.
a. COMMENTS

B.A Terminology for Qccupational Exposure Limits

8.A.1 Probahly the most widely used measure to control exposures in the workplace is the
thresheld limit value (TLV). The sotting of TLVs began in the US during the 1940s and in the
garly years, accordiag to Paull (1584), the emphas{sz of the threshold limlt concept was towartd:
"the prevention of agule stress and illness, and marked symptoms of occupational disease” and
"establishing a limiting level of exposure to a potentlally hagardous agent below which there
1a no significant threat to health™.

3.A.2 This terminology was first uged in relation to asbestos in 1946 when a TLV of 5
million particles/cubic foot was adopted by the American Conference of Government Industrial
Hygilenists (ACGIH) ~ a value which remained unchanged until 1970.

B.A.3 The TLV for asbestos was used by several other countries = Including RBritaln until
1969 when the British Occupational Hyglene Saclety (BOHS) recommended an occupatilonal hygiene
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standard of 2 fibres/ml for chrysotile and amosilte asbestos and of 0.2 fibre/ml for crocidolite
asbestos. This nomenclature emphasised (he environmental conkrol nature of the standard -
although health survey data had been part of its basis, Also, 1t was measured in fibre rather
than particle wounts.

B.A.4 The Occupaticonal Safety awnd Health Administration (0ZHA)Y in the US introducted the
term permissible exposure limit (PEL) during 1972 when establishing a federal standard for
cccupational exposure to asbestos of 5 fibres/ml. This usage 1g still operational in regard to
the latest {in 1986) proposed 0SHA standard for asbestos =~ a PEL of 0.2 fibre/ml.

B.4.5 In the UK, the terminology control limir replaced hygiene standard in relation to
asheslos exposure when revised regulations were for-ulated in 1983.

B.A.6 In Sweden, regulation for occupational cxposure control is phrased in terms of a
hyglene limit value (HLV), and has been since the late 19605 when it was largely determined by
the TLV in the US:

8.4.7 Before the TLV, the term in use waz maximmm allowable concentration (MAC or MAK)
= and is still curreal In some countries, for example, West Germany.

8.4.8 In recent years, the World Health OQrganization (WHO) has introduced the idea of
health-baged limits of occupational exposure degsoribed szt "levels of harmful substances in
workroom afr at which there is no significant risk of adverse health effects”. This limit is
developed merely on {he basis of scientific evidence judged by experts., It does not take inta
account technolegleal and economic considerations and rherefore should be distinguished from
operational occupational exposure limits, which WHO considers as a second step in establishing
occupational exposure limits by the governments and representatives of the employers and
warkers.

8.8 Setting Occupatlonal Exposure Limits

8.5.1 The basis for the first TLV for asbestos in 1946 was a study in three chrysotile
asbestos textile factories (Dreesean et al., 1938). The value of 5 aillion particles per cubile
foor was suggested hecause well identified cases of pneumoconiosls were found only over this
level. While the greater relative importance of long fibres was mentioned, the TLV was
established in terms of total particles = both ashestos fibres and other dusts.

8.8.2 The hyglene standard introduced in the UK in 1969 was also based on a study in an
asbestos vextile factery (British Occupational Hyziene Soclety, 1968). It was established that
a prevalence of 1% for crepitations was associated with a cumulative exposure of about 100
fibres/ml-years: and so, assuming a 50 year worklng life, a hygiene standard for chrysotile of
2 fibres/ml was establighed.

5.8.3 It was later recognlsed that, since asbestosis iz a progressive disovder, cross-
sectional surveys of current workers (such as the above two studies) could substantially
underestimate the risk sssoclated with any specified level of exposure (see Corn, 1986, for
histerical account). This underestimation was demonstrated subsequently using the results of a
longitudinal follow—up study including ex-employees (see Acheson and Gardmer, 1979), and
undermines the survey methods used earlfier for standaed setting.

8.8.4 More recenlly, estimates of risks assoclated with asbestos at differing exposure
levels have been made for cancers, as described in earlier sections of this paper, tather than
for morbidity from ashestosis. These estimates have been ugsed as part of the informaticn for
regulating exposure in a number of countries. The change In concern from fEibrogenic to
carcinogenic effects of mineral fibres makes the concept of thresholds for control less
acceptable — for a litcle flbrosis wmay be tolerated, but not so a 1little eancer (McDonald,
1984).

I There are various eriteria that can be incorporated inte declsions ou exposure
limirs. One majov starting point 1z Crow Lhe selentific and medical evidenge relsting exposute
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to any 1ll=health effects - this is certainly fundamental 1if a health=based exposure limit i=s
Lv be achieved, whether or not it involves other considerations such as {f and how the goal can
be reasonably achleved (Parmegpiani, 1988). The scientific critexria include certatin aspects
discussed earlier in this paper - sueh as having suitable data available, free of any
systematic blas, covering the range of exposures of intervest (or being able ton modael
satisfactorily the exposure-response relationship at high levels and extrapolate approprilately
to low lavels). It is imporrant, however, to additionally have koowledge aboul other relgvant
features, such as the likely health effects on the workforce of sny substitute activity

- whether it inovelves news materials (for example, man=-made mineral fibres) or transfer of
workers to olher jobs where risks may be similar or even greater -~ or potential effects on the
general public from, for example, less effective brake 1linings. Such selentific and medical
evidence should also ideally be available and taken into account (Acheson and Gardner, 1981).

8.B.6 Other ariteria, in addition to scientific and medical evidence, ate also used in
determining exposure limits. In particular there is technical evidence, relating Lo what level
of g¢outrol is feasible im the light of engineering and hygiene consideravions - without
complete prohibition of the substance. This evideace can be assessed totally independencly of
any heslth-based aspects, but any such devised controls may be of limited value for worker
protection. Raduetfion of exposure to the "minimum detecrable level' may or may not he
vatisfactory = and the minimum detectable level can almost always be reduced by addicional
sclentific effort and resources input into improved measurement technigues (Duncan, 1981).

8.8.7 This latter point leads into the area of economic evidence as an additional erlterion
congidered. There 1s nearly always, in the short term at least, a financial cost assoclated
with reducing expogure te snd conttelling exposure at any determined level. Again, as for
technelogical considerations, this aspeect 1s somewhat independent of health aspects — exceplt
for the evaluatlon of the costs of limiting exposure to a level below which there fs elther no
risk, ovr 'no significant' risk, or a visk that is 'acceptable’.

8.8.8 The further development of this line of argument moves Into the area of soelal
evidence. This involves considerations of goclety's needs of the subgstance under debare - for
example, whether it is {irreplaceable fn its uses - and of soclely's judgement of the risks
involved (as well as the benefits gained) including what level of rigk 1z acceptable to a
worker (ov to a member of the general public).

8.B.9 The decistons invelved 1in setting occupational exposere limits are complex and the
manner of their selecrion 1is an evolving area. An iInteresting overview of the field has
followed a publication by Castleman and Ziem (1988) in which the higtorical davelopment of TLVs
by the ACGIH was examined. These authors were critical of the process 1involving unpublished
Industry documents and ilndustrial representatives in determining limits for thelr company's own
products, and called for “openness of the process” and “substantial participarion by
repregentat{ves of exposed persons”.

B8.B.10 Although some corrvespondents have since defended the past TLV process and industry
Involvement on grounds Ineluding that the latter had the data and the expertise {(Cox, 1983;
Ellins, 1988; Stokinger, 1983), more contributors have been sympathetic to the need for
revisionary changes. These include discussion of whom ideally should be vepresented on bodies
determining  occupational exposure 1limits =~ for example, goverament, iIndustry, worker
representatives, sclentists, censumers, general publiec, etec. (Finkles, 1988: Sacss, 1988) - as
well as  examples of present procedures involving multiple consultation {in West Germany
{(Woltowltz, 1288) and Sweden {Nordberg et al., 1988).

8.1.11 Different perspectives, synonymous with wider participation, will inevitably hinder
the path to overall agreement on pacticular values for occupational exposure limits. Opening
up discussion ro include wider representation will not necessarvily lead Lo faster solutlons,
but it should eventually Improve their general receptlon. International organizatiouns,
recognlsing hoth common and disparate faclors across counlries, have a role in enauring that
standards for worker safely are satisfactory worldwide.

e




WHO/OCH/39.1
Annex 1, papge 21

§.8.12 Such  activity should not necessarily establish universal occupational exposure
limits, but these might differ if estimated rvisks varied depending upon e¢lreumstances. Thus,
by fibre type, any further use of amphiboles such as ¢rocidolite and amosite might be heavily
restricted 1f not tetally prohibited. For chrysotlle ashestos, dLifferent limits or decisions
may be appliled to the textile industry than to mianing, cemenl or friction materials producticn.
Within thege latter industries, pacticaular attention should be applied to Lhose areas where
@xposures are known Lo be greatest. The user and removal industries should nal be neglected.
Lxpogure meagurement might bé progressively assessed by electroan, rather tLhan optical,
wicroscopy examining the concentrations of fibres within certain “"carcinogenic dimension®
vanges ~ and monitoring Ffor any time trends in fibre dinmensions that may wodify risks.
Finally, different exposure limits may be pertineat to countries with different levels of
glparette smoking.

8.8.13 The potential for asbestos Lo be used {in a relatively safe manner would gseem apparent
= and would lead to the lucorporation of its benefits. The effective removal of the 1ll=health
levels of the past is possible and, to quote McDonald (1984}, "common sense suggeslts that agch
could be achigved by & combination of better tools and work practices, avoidance of wnhecessary
use, education of employers and employees, enclosure aand exhaust ventilation and, flnally, by
enforcement of progressively demanding hygiene standards”.

8.B.14 Finally, the effect of any occupational exposure limits that are set should he
monitored by ¢ontinued assessmeat of workferce exposure and disease levels.
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TABLE 1

Evidence relating asbestos to various diseases

Disease Evidence

Pleural fibrocis (asbestosig) Certiain
Mesothelioma of the pleura and peritoneum Certain
Lung cancer Certaln
Gastrointestinal cancer Unelear
Ovarian cancer Unclear
Laryngeal cancer Boubtful
Other cancers Probably not

TABLE 2

Animal experimental evidence for carcinopenicity of asbestos

Al]l asbestos types can produwce pulmonary tumours
and mesotheliomas

The incidence rate 1s related to duration and
concentration of expogure (Inhalatlon) or dose
{injection)

For a given dose (mass) the incldence rate is
related to the number of fibres present

There Is ne definite evidence for or agalnst a
threshold dose

Very short fibres (less than 2 or 3 aum) are
probably not carcinogenic

Long thin fibres greater than 1.0 um in length and
less than 0.25 um in diameter are probably meost
carclinogenic

Chrysotile is less durable in lung tissue than
amphibole asbestos.
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TABLE 3

Pathological (lung burden) evidence for carcinogenieity of asbestos

1. Ashestos fibres can be identified In lung tissue
and their concentratlon measured

2. Awmphibole, but nol chrysotile, ashestos
concentrations in lung tissue correlate well
with estimated workplace cumulative exposure;
suggesting that much chrysotile 1s not retained
in the Iung {as also iz the case for animals)

3. Azbestos fibre levels of all types in lung tissye
decline from occupational to neighbourhoed to
geneval environmental exposure

4. Average amphibole ashestos fibre levels in lung
tissue decline from asgbestosis Lo mesothelioma
te lung cancer cases to controls,




WHO/QCH/B9.1
Anmex 1, page 24

TABLE 4

Epldemiological evidence for carcinogenicity of asbestos

Expogure occupationally to each commercial asbestos -
trocidolite, amosite, anthophyllite and chrysotile -
has produced lung cancer and pleural mesothelioma in
humans

Crocldolite and amoslte have produced peritoneal
mesotheliomas, but possibly this tumour has not been
produced by chrysotile in humansg

In general the epidemiologlcal evidence would suggest a
lower risk of lung cancer and mesothelioma from exposure
to ¢hrysotile than teo amosite or crocidolite, although
it is difflcult to firmly substantiate the former adjusted
for differences in exposure levels, fibre dimensions,
type of industry, duration of employment, ate.

For chrysotile ashestoas the risks of lung cancer from
employment in mining and im the manufacture of cement
or friction products appear to have been markedly less
than in textile production

Studies of mixed fibre usage Iin the asbestos cement industry
show higher rates of lumg cancer and pleural mesothelioma
than for chrysotile only

Reports have been made of asbestos-related hazards in
secondary Iindustries.
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TABLE 3.

Expogsure—rasponse relationships for asbestos—related cancers

1. In animal inhalation experiments pulmonary tumour incidence has been
found to rise both with inecreasing duration and with increasing
fibre concentration of exposure

2. The response was almost linearly related to duration of exposure at
constant concentration inm inhalation experiments, Implyiug lineacity
with comulative exposure

3. Asbestos exposure assessment in epidemiological studies has mainly been .
of & qualitative nature, and where estimates of fibre levels have '
been reported these are subject generally to a degree of uncertainty

4, Measurements of response — lung cancer and mesothelioma ~ in epidemio=-
logy is less problematical, and comparison of incidenece rates within
cohorts removes gome of the diffienlties associated with choosing an
appropriate external reference population

5. For lung cancer the telationship with cumulative exposure has been
found to he approximately linear over the whole range of exposure in
a2 mimber of studies, but with wide varlations in slope which appear
to be related to fibre trype and industry

6. Thus rates of increase of lung cancer with cumulative exposure ate
lowest in chrysotile mining and in the manufacture of friction
materials containing chrysotile only and highest for textile
production and, probably, for amphibole fibres

7. For mesothelioma rates are found to increase in relation to about the
third power of duration since first exposure, with rates of increase
related possibly to exposure concentration, to Flbre type and
dimensions, and to industry

8. Thus rates of mesothelioma appear to have been lower from exposure to
cheysotile only than from amphibole or mixed exposures

e, It is not possible to be absolutely firm about these relationships and
differences because of the limitations iuherent in the exposure data,
in particular, but also because of limitations in the epidemiological
method.
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TABLE 6

Implications of evidence for occupational exposure limits

1. Human evidence has not firmly suggested a threshold level of asbestos
exposure for lung cancer or mesothelioma below which there is mo risk

2+ Although the available data are compatible with the slmple statistical
models used, including that risk is proportional to exposure, the
models are not based on an understanding of the mechanisms by which
ashestos fibres cause lung cancer or mesothelfoma

3. Presently available epidemiological evidence of risk is largely based
on studies of persons who experienced higher exposures than modern ‘y
control levels and hence lacke accuracy at these lower concentrations

4. The lifetime risks of lung cancer or mesothelioma predicted from the
modals at the low levels of occupational exposure to chrysorilie
currently achieved are go small that a very large study would be
required Lo detect them if they really existed

5. There are differences betwean predicted risks by fibre type and by
industrial process at the same fibre concentration and duration of
axposute. These differences are relevant to the interpretation of
the evidence and for targetting of occupational control measures

6. For lung cancer, the asbestos-related risks for smokers are higher than
for non-smokers. Thus, the overall risk for an occupational group 1s
dependent upon 1ts level of smoking.
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TABLE 7

Conclusions on risks associated with occupational exposure limits for asbestos

1. There 1z no substantial evidence of a threshold for asbestos exposure
below which cancer does not occurs There is, howaver, a body of
opinion in this direction and a number of recently published studies
of chrysotile asbestos workers, although swall, have shown no
demonstrable excesses of asbestos-related diseases

2. Lifetime risks of lung cancer and mesothelioma can be predicted using
current epldemiological models. For example, at fibre concentrations
of 0.5 fibres/ml in chrysotile asbhestos cement operations risks are
estimated to be about 1 io 400 for lung cancer and about 1 in 2000
for mesothelioma for 20 years exposure starting at age 23 years at
smoking levels in the USA

3. Risks such as these, if regarded in terms of the stated fibre
concentration as a control limit, can be modified for a total
workforce in a lower direction by considering:

(2) that earlier measurement techniques undercounted the
numbers of fibres compared to modern methods,

{(b) that a substantial proportion of the workforce will
probably be exposed at much lower levels than the
control limit

4. Applying the model for lupng cancer Lo working populations where
clgarette smaklng levels are lower will result In lower associated
lifetime risks, and the reverse is also true. This adjustment for
smoking does not apply for mesothellioma

5. Later age at first exposure would reduce lifetime risks

6. Among chrysotile asbestos applications lifetime risks in nining, in
the manufacture of friction products and in the manufacture of cement
products would be predicted to be similar at the same levels of
exposure. However, the risk in the textile industry would be
predicted as somewhat higher - as would also the risk in operations
lnvolving exposure fo amphibolag.




WHO/OCH/89.1
Annex 1, page 23

APPENDIX

Factors that may be involved in differences between
exposure—responge relationships from different studles

10.

11.

12.

Exposures to different fibre types or mixtures.

Varying accuracies of dust measurements, arlsing from
different methods and positions of dust sampling, technlques
of counting, use of meagurements from other locations or
factories, and 'guesstimates' made where no measurement data
are avallable.

Varying fibre: dust ratios.

Differences in size distribution of fibres.

Different relationships between airborme fibre concentrationg
and the amount of flbre deposited in the lungs.

Different relationships between the types of airborne fibre
and amount of fibre retained in the lungs.

Differing follow-up periods.

Varying completeness of follow-up.

Varying accuracies of ascertainment of caugses of death.
Approprlateness or otherwlse of external standard population.

Smoking hablitz of industrial population relative to standard
population.

Differances {n smoking habits between men at varying levels
of cumulative dose.
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APPENDIX

PREDICTED NUMBERS OF CASE3 OF LUNG CANCER AND MESOTHELIOMA
FROM VARYING LEVELS OF EXPOSURE TO CHRYSOTILE ASBESTOS

A, Degeription of rhe Annex

Al This additional section preseuts some estimates for predicted numbers of cases of lung
cancer and mesothelioma from chryseotile asbestos exposure using current epidemiological models
based on findings in published studies. It should he emphasized that thess models have been
derived from and fitted to the results of investigations of past industrial experience. The
predictions are intended to glve indications of possible levels of asbestog~related dicecases at
selected low exposure levels in countvies of differing levels of lung cancer and overall
mortality, '

A2 There are a number of limitations iz these predictions that should be borne in mind:

A.2.1 The predictions are based on models of the outcome of studies of workers exposed
predominantly to chrysotille asbestos in the past and during the operation of past industrial
practices.

A.2.2 The predictions gre based on observed disease occurrence mainly among cohorts
of workers exposed to much higher levels than those for whom the predictions are made. As a
consaequence, the appropriateness of rhe models at low levels of exposure are uncertain.

A.2.3 The predictions are based largely on estimates of past exposure levels meagured in
particles rather than fibres. Thus conversion factors of varylng reliability have had to be
incorporated te produce predictions in terms of Fibre concentrations.

AL2.4 The predictions are based on the use of recent national mortalicy rates from all
causes and from lung cancer, Thus they cannot allow for any possible furure changes .in these
national vates forward in time.

A.2.5 The particular models used for making the predictions (shown in Sectioans 5.C.3.4
— lung cancer, and 3.C.3.5 - mesothelioma) are not based on a biclogical understanding of the
way in which asbestos influences the disease processes, ‘

A.2.6 Further discussion of rhe eaution necessary in interpreting these predictions are
given by Doll and Peto (1985) and by Hughes and Weill (1986).

A3 Despite the limitations of the use of the present models discussed in Section A.2, it i=
nonetheless true that they aetually it the observed dara quite well. 0On this basiz the
predicted numbers may be regarded as usefyl guides from curreat knowledge.

Ak The numbers of predicted cases of lung cancer and wesothelioma given in this Annex are:
Abld For two sets of recenl wmortality rates during 1983-1985 among men. First, Ffor
estimared rates in "developlng countries” based om g variety of published mortaliry statistics
and, secondly, for England and Wales. In the latter ease, the estimates are based on a limited
portfolio of figures for appropriate countries where available.

ALL.2 For a range of exposure levels covering fibre concentratiocns of 0.2, 0.25, 0.5, 1.0
and 2.0 fibres/ml.

A.4.3 For a range of ages at starting exposure covering 20, 25, 30, 35 and 40 years.

A4 4 For a range of durations of exposure covering 3, 10, 13, 20, 25, 30, 35, 40 and 45
years up Lo & maximum age of 65 years.

A.b.5 For "lifetime” risks up to the age =of 85 years.
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Ah.6 For a range of slopes for lung cancer (see 'b' 1in equation in section 5.C.3.4)
coverinag 0.05, 0.10, 0.20, 0.50 and 1.00. These slopes have been selected to cover a range
from near the lowest reported (for chrysotile miners and millevs) to the highest (for
chrysotile textile workers 1In South Carolina). The latter values (or even lower) would be
applicable to chrysotile asbestos cement or frictlon material workers — see malin text.

A-4.7 For a raoge of values of the multiplying constant for mesothelioma (see 'k' in
equation 1in Section 5.08.3.5) covering 0.02, 0.04, 0.06 and 0.08 (x 10-8), These have been
taken to be the zame as those used by Hughes and Weill (1986) who mainly tabulated predictions
based on k = 0.04 x 10-8,

A.3> The predletions given are based on natlonal rates for populations which {include mixtures
of cigarelte smokers and non-gmokers. For lung cancer, but nol for mesothelioma, the predicted
risks would be lower for non-gsmokers and higher for smokers than the visks tabulated - the
degree of decline or rise would depend on the proportion of smokers in a national population.
For England and Wales, the lung cancer rigks for uon—smokers would be less than 10% of those
shown, while for gmokers the risks would be {ucreased by about 50% (Doll and Peto, 198%).

A.H The predictions arve given as "lifetime" risks per 1000 men - for lung cancer these
represent predicled extra cases of lung cancer over and above thoge already occurring due to
cigarelre smokling and other factors.

A7 I would like to expres my gratitude to Dr Janet Hughes for making avallable to me her
tomputer program for calculating numbers of mesothelioma deaths (Hughes and Weill, 1986), a
mod{fied version of which was used ro produce the tables in this Annex.

B. Contents of Tables 1in the Annex

B.1  Tables LC.1.l to LGC.1.5 1in Section D give predicted risks of excess lung canger cases al
estimated death rates for developing countries for the range of slopes (b's) mentioned in
Section A.4.6, and Tables LC.2.1 to LC.2.5 correspouding predictions based on rates for England
and Wales,

B.2 Tables M.1.1 to M.l.4 {in Section D give predicted cases of mesothelioma at estimated
death rates in developing countries for the range of values of 'k' mentioned in Section A.4.7,
and Tables M.2.] to M.2.4 corresponding predictions baged on rates for Eagland and Wales.

. Comments on Tables in the Annex

Cc.1 The trends in predictions of both lung cancer and mesothelioms cases can be seen, ag
expected, to increase with increasing levels of ewposure and inetreasing durations of exposure
for any pacticular age at starting in all tables.

C.2 The predicted numbers of cases are lower for developing countries than for England and
Wales.

€.3  The tabulated values are, where appropriste, similar to those given by Hughes and Weill
(1986) - based on USA rates, and those given by Doll and Peto (1985) — based on Eugland and
Wales rates for 1980 up to age 80 years. Thus, the examples in the main text of this paper
would give similar implications {F figures had been taken from the Tables fn the Annex for
England and Wales. The 1mplications using flgures for developing countries are lower
estimales.

€.4  Predictlons for intermediate values of exposure concentration, slope (b) or constant (k)
can be Found by linear interpolation.

D. Tables

See following pages.




WHO/OCH/89 . 1
Annex 1, page 39

2.00
0.1

1.00
0.0
0.1
0.1

0.50
0.0
0.0

Concentration (fibreg/ml)
0.1

0.25
0.0
0.0
0.0

TABLE LC.1.1

0.20
G.0
0.0
G.0

{Years)
10
15

at death rates for developlng countries and a szlope (b) of 0.05
Duration

Predicted number of extra lung cancers up to age 85 years among 1000 men

{Years)
20
20
20

Age start

L2 B ot RS- gl P T U Y Lo Bl o B < B T o I~ L T | Lo B e B R B e T e Laaa B an B = B o B o E Lo o B B W g |
- 4 4 - . 4 LI e « &2 4 @ 4 B » @1 & F ® L I TR R B
CoCoOO0O0 00000000 0000000 O0QC000 SO0 S0
— o DY Ol S - M Lo B B B AV g ] O oo~ D~
OoCoOCOD OC0COCO000 000D Oo00 CODOCS Oo0a0
e B e e B B [N e P e e s B O D e - e oS OO T
® * & ¥ & ® - * % ¥ & ¥ a4 4 * ® * s ¥ a * & &% a 4 a * = 1 =
[ o B o o 0 R ) ja- o B o B o B o R B R ] j[aNeRallolellollal jall o Nollelolle oo o0
SO 02000 HAHA O0COCOOH~ COQOCO QCOCCO
n F p F o " & g & s B 8 « 4 3§ F » * g * = & g & p 4 4 * a4 =
COOo0OoO0 oOCOoO0C0O00 oDCoCooOoO00 DOoO0Oo0DO CoOOGO
CoOC0OMH ODO00QOO0O0C0DH O0CCO0OO OOCO0OO O0O0O0
. 4 & ¥ & ® 4 1 & g ® & ® = & & 4 2+ T 1 T ¢ 4 & 1 o= -  *
COoOoO0O0O0 0O0OSDO0 0000000 CO0O00 OO0 QO
OVQNGoN NoOMOENoONS MONONOn MOoONoOno Ko r SN
[ Bt I < I o O N L B B B s T T o R i B ot I N Iy B ] — ] oo s Bl B Y I |
COoOO0Q NN Do OoCo0 LNnrmnrn S0 0 00
Lt o Bt B o Bt B o L I B o IV [ o B Y Y [ +a B B an Bas B on B o] [ B B ot B B s B o] LSS A




2.00

0.1
0.3

1.00
0.1
0.1
0.2
0.3

0.50
0.0
0.1
0.1

Concentration (fibres/ml)
0.1

0.25
0.0
0.0
0.1
0.1

TABLE LC.1.2

0.20
0.0
0.0
0.0
0.1

(Years)
10
1%
20

at death rates for developing countries and a slape (b) of 0.10
Duration

Fredicted number of extra lung cancers up to age 85 years among 1000 men

(Yerrs)
20
20
20
20

Annex 1, page 40
Age start

WHO/0CH/89.1

WO
. a1
(o= e

~F
oo

o
(=

0.1
0.1

0.1
0.1
0.1

25
30

20
20

oo
.
— —

0.5
0.6
0.6

0.1
0.1

35
40 0.1

45

20
20
20

1.2

0.3

0.2

0.1

134679
000000

— o~ o
LI I
CoooQOQ

.2

2 =~ T
cococoo

j=- 3 o]
oo

—
L Ld *
oo

c.1

SO D e
- %
o BelleNalle e

23
25
25
25
25
25

o~
.
—

wouny
[= ]

™~
)
oo

~
oo

o~
oo

35
40

25
25

0.3
0.4
0.8
0,9

0.1

0.1
0.2
0.5
0.1

0.1

0.0
0.1
0.1
0.2
0.2
0.0

0.0
0.0
0.1
0.1
0.1
0.0

0.0
0.0
0.0
0.0

0.1
0.1

10
15
20
25
30
35

30
30
30
30
30
jo
30
35
35

134675
_U.0.0.000

123304
OODDD

Lo B T B N |
[=Ralalele)

O
SS66ca

00111
D_U_...u.nu.o

10
13
20
25
30

35
33
35
a5

— o
LI T |
oo o

= = oy
S o0

0.0
a.1
0.1

0.0
0.0

0.0
Q.0
0.0

40
40
40

uny
oo

o7
oo

— o
(el

—
oo

-
= Q

20
23

40
40




Amnex 1, page 41
2.00

WHO/OCH/B%. 1

1.00

TAELE LC.1.3
Concentration (fibraes/ml)
0.25 0.50

0.20

{Years)

at death rates for developing countries and a slope (b) of 0.20
Duration

Predicted number of extia lung cancers up to age 85 years among 1000 men

Age slLart
(Years)

36813
OOO_I__I_

[=-RE Y Lop B o L B g o 0] oD O
« x o - 2 a

369251{035 369
“ & = & = P
o SO oA oo

nv0n01;1~1A49h2 nunvo

1.2
1.5
1.7
1.1
1.4
1.6

anAwﬁquaO.lqg e s D O lnjhwﬁﬂ/nug L L =T o -+ Mg e
o 4 e a e e . . r e b e .

000000111 oo oA 0000000 e eRollslels] DODOO
Lo B o BLAES - Vo T - i n g B g T Iy | — - R Lyl — T o e T [ R o Rl
OO0 O0Oo0 oo oo OO0 DODOOQD (o R eloleNeNel jeRelale e
011122333 o B e B B B U o B Lo e B e B B o o e e e R 01112
L N * & & g * 5 = g + ¥ & §y &= g F LI I N T L
000000000 oo ooo oo oC o0 oCcCoOCoQ 0.0000
01L1*1,Lﬁ49mzﬁz o I I e R N [« 3P 1.11+2ﬂ4 Do 0111*1_L
000000_000 jeRepeiopeiejalal _U.0.0_0.000_ OO oo oo 00000
ey D am Do O Sy ot U D w0 O O O D 2 O oo O ey
R B BV W B S 5 o o e N o= e e M o S e L
Do oCOoOOoO0O0 LT BT I T R T R SO OoO o0 Al ARl sl Qo0 Oo
L2 ISR B R B S X L B B B TS I R o 00 Y o L B e T e B R e R




[ AR VN O R B 3 S
P - S
D orl 0 o0 ST WY 1Y D

47158258_1

001112223

1.00

~~
-
=
e
n
1]
Lr
£
e
N
—r
o
=
[+
- o
i
i
e
=
=
b
o
=
o
L]

0.25

TAELE LC.1.4

at death rates for developing countrieg and a glope (Bb) of 0.50
Duration

Predicted number of extra lung cancers yp to age 85 vears among L000 men

Annex 1, page 42
Age glLart

WHO /OCH/89. 1




WHO/QCH/89.1

Annex 1, page 43

TABLE LC.1.5

Predicted number of extra lumg cancers up to age 85 years among 1000 men

at death rates for developing countries and a slope (b) of 1.00
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TABLE LC.2.2

Predicted number of extra lung cancers up to age 85 years among 1000 men

at death rates for England and Wales and a slope (b) of 0.10
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TABLE LC.2.5

Predicted number of extra lung cancers up to age 85 years among 1000 men
at death rates for England and Wales and a slope (b) of 1.00
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TABLE M.1.2

Predicted number of mesotheliomas up to age 85 years among LOO0 men
alt death rates for developing countrles and a value of k of -O4xio—8
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TABLE M.1l.4

Predicted number of mesotheliomas up to age 85 years among 1000 men
at death rates for developing countries and a value of k of .08x10~ 8
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TARLE M.2.1

yvears among 1000 men

at death rates for Bugland and Wales and a value of k of .02xlo—B
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at death rates for England and Wales and a value of k of .0Q4x10
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Predlcted number of mesotheliomas up to age 85 years among 1000 men
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