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Foreword

Many countries have already acted at a national level to prohibit the use of all forms of
asbestos to limit exposure and so control, prevent and ultimately eliminate asbestos-related
diseases, from which at least 107 000 people die each year globally. However, there are other
countries that, for a range of reasons, have yet to act in the same manner. With that in mind,
the prime intent of this publication is to assist Member States of the World Health Organization
(WHO) in making informed decisions about management of the health risks attached to
exposure to chrysotile asbestos.

The document is divided into three parts. The first part reproduces a WHO short information
document for decision-makers on the elimination of asbestos-related diseases, updated in
March 2014. The second part addresses questions commonly raised in policy discussions,
specifically to assist decision-makers in coming to a view. The third part is a technical summary
of the health effects of chrysotile, which brings together and summarizes for the first time the
most recent authoritative WHO evaluations performed by its International Agency for Research
on Cancer and its International Programme on Chemical Safety. The technical summary also
reviews results from key studies published after those evaluations and then, briefly, the
conclusions drawn from WHO assessments of alternatives.

| commend this publication to ministers, government
officials and others who may wish or need to take
decisions on, or provide advice related to, asbestos and in
particular chrysotile asbestos and the health
consequences of exposure.

Dr Maria Neira
Director, Department of Public Health, Environmental and Social Determinants of Health
World Health Organization, Geneva
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Elimination of asbestos-related
diseases

Updated March 2014

Asbestos is one of the most important occupational carcinogens, causing about half of the
deaths from occupational cancer (1, 2). In 2003, the Thirteenth Session of the Joint
International Labour Organization (ILO)/World Health Organization (WHO) Committee on
Occupational Health recommended that special attention should be paid to the elimination of
asbestos-related diseases (3). World Health Assembly (WHA) Resolution 58.22 from 2005 on
cancer prevention and control urged Member States to pay special attention to cancers for
which avoidable exposure is a factor, particularly exposure to chemicals at the workplace and in
the environment. In 2007, WHA Resolution 60.26 called for global campaigns to eliminate
asbestos-related diseases, and in 2013, WHA Resolution 66.10 addressed prevention and
control of noncommunicable diseases, including cancer.

The term “asbestos” designates a group of naturally occurring fibrous serpentine or amphibole
minerals with current or historical commercial usefulness due to their extraordinary tensile
strength, poor heat conduction and relative resistance to chemical attack. The principal
varieties of asbestos are chrysotile, a serpentine material, and crocidolite, amosite,
anthophyllite, tremolite and actinolite, which are amphiboles (4).

Asbestos is one of the mostimportant occupational carcinogens

Exposure to asbestos, including chrysotile, causes cancer of the lung, larynx and ovary,
mesothelioma (a cancer of the pleural and peritoneal linings) and asbestosis (fibrosis of the
lungs) (5-7).

Exposure to asbestos and its impact on public health are substantial

Exposure to asbestos occurs through inhalation of fibres primarily from contaminated air in the
working environment, as well as from ambient air in the vicinity of point sources or indoor air in
housing and buildings containing friable asbestos materials. The highest levels of exposure
occur during repackaging of asbestos containers, mixing with other raw materials and dry
cutting of asbestos-containing products with abrasive tools. Exposure can also occur during
installation and use of asbestos-containing products and maintenance of vehicles. Friable
chrysotile- and/or amphibole-containing materials are still in place in many buildings and
continue to give rise to exposure to both chrysotile and the amphiboles during maintenance,
alteration, removal and demolition (5). Exposure can also occur as a consequence of natural
disasters causing damage to buildings.
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Currently, about 125 million people in the world are exposed to asbestos at the workplace (1).
According to global estimates, at least 107 000 people die each year from asbestos-related lung
cancer, mesothelioma and asbestosis resulting from occupational exposures (1, 2, 8). In
addition, nearly 400 deaths have been attributed to non-occupational exposure to asbestos.
The burden of asbestos-related diseases is still rising, even in countries that banned the use of
asbestos in the early 1990s. Because of the long latency periods attached to the diseases in
guestion, stopping the use of asbestos now will result in a decrease in the number of asbestos-
related deaths only after a number of decades.

All types of asbestos cause cancer in humans

Asbestos (actinolite, amosite, anthophyllite, chrysotile, crocidolite
and tremolite) has been classified by the International Agency for
Research on Cancer as being carcinogenic to humans (7). Exposure
to chrysotile, amosite and anthophyllite and to mixtures containing
crocidolite results in an increased risk of lung cancer (7).
Mesotheliomas have been observed after occupational exposure to
crocidolite, amosite, tremolite and chrysotile, as well as among the
general population living in the neighbourhood of asbestos factories
and mines and in people living with asbestos workers (7).

The incidence of asbestos-related diseases is related to fibre type, size and dose and to
industrial processing of the asbestos (6). No threshold has been identified for the carcinogenic
risk of asbestos, including chrysotile (5, 7). Cigarette smoking increases the risk of lung cancer
from asbestos exposure (5, 9).

At least 107 000 people die each year from asbestos-related lung cancer, mesothelioma and

asbestosis resulting from occupational exposures

Chrysotile is still widely used

Asbestos has been used in thousands of products for a vast number of applications, such as
roofing shingles, water supply lines, fire blankets and insulation materials, as well as clutches
and brake linings, gaskets and pads for automobiles. As a result of increasing health concerns,
the use of asbestos has declined in many countries. The use of crocidolite and products
containing this fibre and spraying of all forms of asbestos are prohibited under the ILO
Convention concerning Safety in the Use of Asbestos (No. 162) from 1986. However, chrysotile
is still widely used, with approximately 90% being employed in asbestos cement building
materials, the largest users of which are developing countries. Other remaining uses of
chrysotile are in friction materials (7%), textiles and other applications (10).
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To date (end of 2013), more than 50 countries, including all member states of the European
Union, have banned the use of all forms of asbestos, including chrysotile. Other countries have
introduced less stringent restrictions. However, some countries have maintained or even
increased their production or use of chrysotile in recent years (11). Increased usage has been
most prominent in the Asia-Pacific region. World production of asbestos in the period 2000—
2012 was relatively stable, at approximately 2 million tonnes per annum (12, 13).

WHO recommendations on prevention of asbestos-related diseases

Bearing in mind that there is no evidence for a
threshold for the carcinogenic effect of
asbestos, including chrysotile, and that
increased cancer risks have been observed in
populations exposed to very low levels (5, 7),
the most efficient way to eliminate asbestos-
related diseases is to stop using all types of
asbestos. Continued use of asbestos cement in
the construction industry is a particular
concern, because the workforce is large, it is
difficult to control exposure, and in-place
materials have the potential to deteriorate and
pose a risk to those carrying out alterations, maintenance and demolition (5). In its various
applications, asbestos can be replaced by some fibre materials (14) and by other products that
pose less or no risk to health.

Materials containing asbestos should be encapsulated, and, in general, it is not recommended
to carry out work that is likely to disturb asbestos fibres. If necessary, such work should be
carried out only under strict control measures to avoid exposure to asbestos, such as
encapsulation, wet processes, local exhaust ventilation with filtration, and regular cleaning. It
also requires the use of personal protective equipment — special respirators, safety goggles,
protective gloves and clothing — and the provision of special facilities for their decontamination
(15).

WHO is committed to working with countries towards the elimination of asbestos-related
diseases in the following strategic directions:
e by recognizing that the most efficient way to eliminate asbestos-related diseases is to
stop the use of all types of asbestos;
e by providing information about solutions for replacing asbestos with safer substitutes
and developing economic and technological mechanisms to stimulate its replacement;
e by taking measures to prevent exposure to asbestos in place and during asbestos
removal (abatement);
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e by improving early diagnosis, treatment and rehabilitation services for asbestos-related
diseases and establishing registries of people with past and/or current exposure to
asbestos.

WHO strongly recommends planning for and implementing these measures as part of a
comprehensive national approach for the elimination of asbestos-related diseases? Such an
approach should also include developing national profiles, awareness raising, capacity building,
an institutional framework and a national plan of action for the elimination of asbestos-related
diseases.

WHO will collaborate with ILO on implementation of the Resolution concerning asbestos,
adopted by the Ninety-fifth Session of the International Labour Conference (16), and will work
with other intergovernmental organizations and civil society towards the elimination of
asbestos-related diseases worldwide.
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Commonly raised
questions and answers

This section addresses questions commonly raised by policymakers on the use
of chrysotile.

Is it true that chrysotile is not really a form of
asbestos?

No. Chrysotile is one of six forms of asbestos, the others being crocidolite, amosite, tremolite,
actinolite and anthophyllite.

What is WHO’s policy on asbestos?

WHQO'’s policy on asbestos is unequivocal. Asbestos causes cancer of the lung, larynx and ovary,
mesothelioma (a cancer of the pleural and peritoneal linings) and asbestosis (fibrosis of the
lungs). Asbestos-related diseases can and should be prevented, and the most efficient way to
prevent them is to stop the use of all forms of asbestos to prevent exposure. WHQO’s global
campaigns to eliminate asbestos-related diseases aim to support countries in achieving that
objective.

Why is WHO so concerned about asbestos?

There is clear scientific evidence that asbestos causes cancer and chronic respiratory diseases in
humans. WHO is working to reduce the global burden of noncommunicable diseases, including
cancer and chronic respiratory diseases, recognizing that primary prevention reduces health-
care service costs and helps to ensure the sustainability of health expenditures. Worldwide,
cancer is the second leading cause of death. In 2008, there were 7.6 million deaths from cancer,
alongside 12.7 million new cases. Roughly 19% of all cancers are estimated to be attributable to
the environment, including work settings.

Currently, about 125 million people in the world are exposed to asbestos at the workplace.
According to WHO estimates, at least 107 000 people die each year from asbestos-related lung
cancer, mesothelioma and asbestosis resulting from occupational exposures. Approximately
half of all deaths from occupational cancer are estimated to be caused by asbestos.

With what authority does WHO speak on chrysotile and other forms of
asbestos and their management?
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WHO is the directing and coordinating authority for health within the United Nations system. It
is responsible for providing leadership on global health matters, shaping the health research
agenda, setting norms and standards, articulating evidence-based policy options, providing
technical support to countries and monitoring and assessing health trends.

The World Health Assembly (WHA) is the supreme decision-making body for WHO; it meets
annually and is composed of delegations from 194 Member States. The main function of WHA is
to determine WHO policy.

WHO'’s policy on asbestos derives from three WHA resolutions: WHA 58.22 in 2005, WHA 60.26
in 2007 and WHA 66.10 in 2013. WHA 58.22 addresses cancers for which avoidable exposure to
carcinogens is a factor in their causation, WHA 60.26 calls for global campaigns to eliminate
asbestos-related diseases and WHA 66.10 deals with the prevention and control of
noncommunicable diseases, including cancer.

How are people exposed to asbestos?

Exposure to asbestos occurs by inhalation and, to a lesser extent, ingestion during the mining
and milling of asbestos and in the production and use of asbestos-containing products. This
includes exposure from trimming and fitting of asbestos materials during building construction,
maintenance and demolition. Asbestos is generally used or has been used as a fibrous mixture,
bonded with other materials (e.g. cement, plastics and resins) or woven as a textile. The range
of applications in which asbestos has been used is large and includes roofing, cement sheets for
floors and walls, cement pipes (e.g. for supplying water), thermal and electrical insulation,
including fire blankets and industrial fire curtains, gaskets and friction materials (e.g. vehicle
brake shoes and brake pads and clutches). Today, exposure to asbestos fibres occurs
particularly in circumstances where asbestos products have become degraded, such as during
the course of building maintenance and demolition and the disposal of building waste, and also
in the context of natural disasters.

There is clear scientific evidence that asbestos causes cancer and chronic respiratory diseases in
humans

Why is it so important to tackle asbestos as a carcinogen when there are
so many other carcinogens to be found in the environment?

Some cancers attributable to environmental factors are believed to have multiple carcinogenic
determinants. Others, though, have as their causes single identifiable carcinogens, such as
tobacco and asbestos, to which exposure is preventable. (Note: This is not the case for many of
the other agents classified by the International Agency for Research on Cancer [IARC] as being
in Group 1, carcinogenic to humans, and neither do many of them carry the same burden of
disease.!)

! For details of IARC Group 1 carcinogens, see http://monographs.iarc.fr/ENG/Classification/ ClassificationsGroupOrder.pdf.
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One of the reasons it is important that countries act on asbestos as soon as possible is because
of an unusually long latent period between exposure and the development of mesothelioma,
often as long as 40 years. For this reason, the burden of asbestos-related diseases will continue
to rise, for the moment, even in those countries that banned the use of asbestos many years
ago.

All forms of asbestos cause cancer in humans (this includes chrysotile, the principal form of
asbestos still in production and use), and no threshold has been identified for the carcinogenic
risks. This is the conclusion of WHO and IARC in a series of authoritative international
assessments conducted over a period of more than 15 years, the most recent having been
published by IARC in 2012. These conclusions reflect an international consensus of scientific
experts convened by WHO to evaluate the health effects of asbestos.

In addition, it has been shown that co-exposure to tobacco smoke and asbestos fibres
substantially increases the risk for lung cancer, and the effect is at least additive — that is, the
heavier the smoking, the greater the risk.

Can we be certain that the scientific evaluations of asbestos by WHO
and IARC are wholly independent of outside influence

Yes. In every case, measures were taken to ensure that A
potential conflicts of interest were identified and 4
addressed, that the assessments were extremely
rigorous and independent of the views of
governments, national institutions and special interest
groups, and that they took account of opinions from all
regions of the world and were subject to extensive
international peer review.

What actions have been taken by
countries at a national level?

Many countries have already legislated to prohibit the
use of asbestos, with more than 50 WHO Member
States now (end of 2013) having done so in order to
protect and promote public health.? Typically, the
decision was undertaken after cross-government consultation, to take account of sectoral
interests but to avoid their over-predominance in the final decision. When considering taking
2 These include Algeria, Argentina, Australia, Bahrain, Brunei Darussalam, Chile, Egypt, the 28 member states of the European Union, Gabon,

Honduras, Iceland, Israel, Japan, Jordan, Kuwait, Mozambique, Norway, Oman, Qatar, Republic of Korea, Saudi Arabia, Serbia, Seychelles, South
Africa, Switzerland, Turkey and Uruguay. Asbestos is also banned in two states of Brazil, Rio de Janeiro and Rio Grande do Sul.
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legislative action against the use of asbestos, it has been necessary to consider a range of costs
and benefits, including the costs of providing health-care services and those associated with the
loss of workforce productivity due to chronic ill-health, in addition to conventional economic
and trade considerations.

What actions have been taken or are being proposed by countries at an
international level?

The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and
their Disposal, which entered into force in 1992 and to which 181 countries are Parties, aims to
protect human health and the environment against the adverse effects of hazardous wastes.
Asbestos (dust and fibres) is listed as a category of controlled waste under the Convention.
Parties to the Convention are required to prohibit or not permit the export of such waste to
Parties that have prohibited its importation under the Convention.

More recently, a majority of the 154 countries that are Parties to the Rotterdam Convention on
the Prior Informed Consent Procedure for Certain Hazardous Chemicals and Pesticides in
International Trade (which entered into force in 2004) have indicated a wish to see chrysotile
listed under Annex 3 of the Convention. This would mean that chrysotile would become subject
to a procedure whereby an informed decision of a country would be needed before consenting
or not to future importation of the substance. However, to date, listing of chrysotile has been
blocked by a small number of countries, predominantly but not exclusively by those with a
continued interest in the trade in, and use of, chrysotile and chrysotile-containing products.

Is it true that chrysotile is less harmful than other types of asbestos and
should not, therefore, be subject to the same control measures?

The scientific evidence is clear. The firm conclusion of the WHO and IARC assessments is that chrysotile
causes cancer of the lung, larynx and ovary, mesothelioma and asbestosis, whether or not it is less
potent than amphibole types of asbestos in doing so. Assertions about differing physicochemical
properties, the question of whether or not historical epidemiological studies may have been dealing
with chrysotile contaminated with amphibole types of asbestos, and the physical containment of
chrysotile in modern high-density cement (at the time of manufacture) do not alter this finding.

A major concern is that even where use is appropriately regulated, chrysotile-containing
building products (e.g. roof tiling, water pipes) become damaged and release asbestos fibres
into the environment during the course of building maintenance, demolition and disposal of
building waste, and as a consequence of natural disasters. Such exposure may occur sometime
later than the original (controlled) installation. This risk can be wholly averted by ceasing to use
such products. Information on substitute materials and products that can be used safely is
available from national, regional and international organizations.
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The firm conclusion of the WHO and IARC assessments is that chrysotile causes cancer of the lung,

larynx and ovary, mesothelioma and asbestosis

Could ongoing or future research into the
toxicity of chrysotile change the current view of
WHO and IARC regarding the occurrence of
cancer?

Absolutely not. The firm view of WHO and IARC, based on
repeated assessments of the scientific evidence, is that
chrysotile causes cancer of the lung, larynx and ovary,
mesothelioma and asbestosis, and that stopping the use of all
forms of asbestos, including chrysotile, to prevent exposure
should be recognized as the most effective way to eliminate
asbestos-related diseases. Although the carcinogenic potential
of chrysotile has been clearly identified, few studies have
included women. There are also additional cancers suspected to
be related to chrysotile, but for which existing studies are
inadequate. There is therefore an ongoing need for further research to investigate the risks of
chrysotile exposure for additional types of cancer, in particular for female-specific cancers.

What information is available on alternative products, especially as
building materials, given assertions that modern fibre substitutes for
chrysotile are either themselves toxic or of undetermined toxicity?

Many national governments, regional bodies and international organizations have identified
alternatives and substitutes for the uses of asbestos, and human health evaluations of
substitute materials have also been published. For example, a WHO/ IARC workshop was
convened in 2005, and there have been publications from the government of the United
Kingdom, the European Commission and the WHO Regional Office for Europe. Evaluations of
the human health hazard of chrysotile substitute materials have concentrated on alternative
types of fibrous materials due to the potential risks associated with inhalation of fibres.
However, it should also be noted that for some of its uses, chrysotile may be replaced by non-
fibrous material — for example, unplasticized polyvinyl chloride (uPVC) and sheet metal.
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Does an absence of reported cases of mesothelioma in a country
indicate that there is no significant burden of disease resulting from
asbestos and therefore no reason for action, given that mesothelioma is
such a specific marker of asbestos exposure?

No. Detection of cases of mesothelioma
and accurate measurement of their number
require systematic surveillance systems at
the national level, and these are frequently
absent. It should also be borne in mind that
the latent period between exposure to
asbestos and the development of
mesothelioma can be as long as 40 years or
more, and such systems therefore need to
be of long standing.

Asbestos is more likely to cause cancer of
the lung than mesothelioma (estimated risk
ratio 6:1), and the likelihood is greater in individuals who smoke tobacco. Cancer of the lung is
much more common than mesothelioma and is multifactorial in origin. A history of prior
exposure to asbestos (and this can include non-working environments, see below) many years
previously may easily be overlooked. Current absence of evidence at a national level is not
evidence of absence, and lessons learnt by other countries where large epidemics of
mesothelioma are still occurring, even many years after widespread exposures have stopped,
should be considered.

Is asbestos exposure only an occupational issue, with no or little risk to
the population at large?

No. Many cases of mesothelioma have been described in wives and children of asbestos
workers, as a result of domestic exposure (at least 376 cases), in white collar workers within the
asbestos industry, and in individuals living in the vicinity of asbestos mines, as a result of air
pollution; asbestosis has also been reported in the wives and children of asbestos workers.
Cases of mesothelioma have been described in individuals exposed to naturally occurring
asbestos or asbestos-like minerals in soil in regions in Turkey, Greece, Cyprus, Corsica, Sicily,
New Caledonia, Yunnan province in China and California. Although the final group would not be
protected by control measures on the production and use of asbestos, the other groups would
be protected.
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Other types of environmental exposure also occur. Reports from Australia and the United
Kingdom have identified elevated concentrations of asbestos fibres in ambient air at busy traffic
intersections from friction products in vehicles. Non-occupational exposures arise from home
renovation and car maintenance activities. In addition to the occupational exposures of
construction workers (because measures to control asbestos exposure are difficult to put in
place for a large, fragmented workforce that may include many informal workers), there is also
potential for non-occupational exposure to asbestos-containing building waste if the waste is
not stored and disposed of correctly. This includes the potential for asbestos-containing
building waste to be scavenged and reused in informal settlements.

The concern for policymakers today is less in relation to occupational exposure within the mining and
manufacture of asbestos products sectors and more in relation to the use of asbestos-containing
materials within the construction industry. Concerns extend to occupational exposure during
construction activities and inadvertent exposure of the wider population from degradation of building
materials (e.g. broken corrugated asbestos roof tiles) and inappropriate disposal of building waste. The
use of asbestos containing building materials in the poorest communities, bringing families into close
proximity to sources of exposure to chrysotile fibres, is of particular concern.

There is potential for non-occupational exposure to asbestos-containing building waste
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Additional Information

Other WHO publications on asbestos

Title

Outline for the development of
national programmes for elimination
of asbestos- related diseases.
International Labour Organization
and World Health Organization;
2007

Asbestos - hazards and safe practices
for cleanupafterearthquake. World
Health Organization; 2008

Description

This document is intended to
facilitate countries in establishing
their national programmes for
elimination of asbestos- related
diseases. It also addresses countries’
efforts to prevent asbestos- related
diseases arising from exposure to the
various forms of asbestos already in
place and as a result of their use in
the past. AvailableinEnglish, French,
Russian, Spanish, Arabic and Chinese.

Thistechnicalinformation note
provides guidance on how to control
the risks associatedwithasbestos
duringtheclean- up and disposal of
asbestos-containing waste from
damaged and destroyed buildings
following an earthquake or other
natural disaster.

Published evaluations of substitute materials

Title

Review of substitutes for asbestos
construction products by a WHO
temporary advisor. In: National
programmes for elimination of
asbestos- related diseases: review and
assessment. WHO Regional Office for
Europe; 2012: Annex 4

Opinion on chrysotile asbestos
and candidate substitutes.
Scientific Committee on Toxicity,
Ecotoxicity and the Environment
(CSTEE), European Commission;
1998

Harrisonetal. Comparative hazards
of chrysotileasbestosandits
substitutes: a European
perspective. Environ Health
Perspect. 1999;107:607-11

Description

Areview of the availability and safety
of asbestossubstitute materials
prepared as a background document
for ameeting onasbestos controlin
the WHO European Region by a WHO
temporary advisor.

Available in English and Russian.

Evaluation of the risks to human

health posed by three substitute fibres -

cellulose fibres, polyvinyl alcohol fibres
and p-aramid fibres - by an expert
committee of the European
Commission.

An evaluation of asbestos substitute
materials prepared for the United
Kingdom Health and Safety

Commission (London, United Kingdom)

and subsequently published in the
scientific literature.
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Website

http://www.who.int/occupational _
health/publications/asbestosdoc/en/,
accessed 11 March 2014

http://www.who.int/hac/crises/ch
n/ asbestos/en/, accessed 11
March 2014

Website

http://www.euro.who.int/en
/ health-topics/environment-
and- health/occupational-
health/ publications/2012/
national-programmes-for-
elimination-of-asbestos-
related- diseases-review-and-
assessment, accessed 11
March 2014

http://ec.europa.eu/health/scientific

Eommittees/environmental_risks/
opinions/sctee/sct_out17_en.htm,
accessed 11 March 2014

http://www.ncbi.nlm.nih.gov/pm
c/ articles/PMC1566482/,
accessed 11 March 2014
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Introduction

This technical summary on the health effects of chrysotile summarizes the most recent
authoritative World Health Organization (WHO) evaluations performed by its International
Agency for Research on Cancer (IARC) and its International Programme on Chemical Safety
(IPCS). Key studies published after these evaluations are also briefly reviewed. The purpose of
this technical summary is to assist policymakers in assessing the importance of undertakings to
prevent the adverse health effects — cancer and lung fibrosis — associated with exposure to
chrysotile.

WHO has conducted a number of evaluations of the health effects associated with exposure to
chrysotile over the past 20 years (1, 2). These evaluations have concluded that all forms of
asbestos, including chrysotile, are carcinogenic to humans, causing mesothelioma and cancer of
the lung, larynx and ovary. Chrysotile also causes nonmalignant lung diseases, which result in
deterioration of lung function (asbestosis). Many scientific studies linking domestic and
environmental exposure to asbestos with adverse health effects have also been identified,
alongside the large number of studies in occupational settings.

Most informative in the evaluation of the effects of chrysotile exposure in humans (1) have
been the studies performed in chrysotile mines in Quebec, Canada (most recent cohort update)
(3), a chrysotile mine in Balangero, Italy (4, 5), cohorts of textile workers in South Carolina (6)
and North Carolina, United States of America (USA) (7), and two cohorts of asbestos factory
workers in China (8, 9). More recently, studies on chrysotile miners (10-12) and chrysotile
textile workers in China (13—17) and two meta-analyses (18, 19) have further consolidated the
database. All types of asbestos cause asbestosis, mesothelioma and cancer of the lung, larynx
and ovary (1, 2). This text concentrates on cancer of the lung, mesothelioma and asbestosis, as
these have been the principal areas of research until relatively recently.
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“There is sufficient evidence in humans for the carcinogenicity of all forms of asbestos chrysotile,
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crocidolite, amosite, tremolite, actinolite and anthophyllite). Asbestos causes mesothelioma and

cancer of the lung, larynx and ovary.” (1)
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Chrysotile production, use
and exposure

Production

Chrysotile has always been the main asbestos species mined; in the peak year of production
(1979), chrysotile comprised more than 90% of all asbestos mined (20). With the exception of
small amounts (approximately 0.2 Mt annually, in 2007-2011) of amphibole asbestos mined in
India, chrysotile is at present the only asbestos species mined. World production in 2012 was
estimated to be 2 Mt, the main producers being the Russian Federation (1 Mt), China (0.44 Mt),
Brazil (0.31 Mt) and Kazakhstan (0.24 Mt); production has stopped in Canada, which until 2011
was one of the main producers. Although world production has decreased considerably from its
peak of 5.3 Mt in 1979, it has remained stable during the 2000s (2—2.2 Mt) (21-23).

Use

A

Asbestos is used as a loose fibrous mixture, bonded with other materials (e.g. Portland cement,
plastics and resins) or woven as a textile. The range of applications in which asbestos has been
used includes roofing, thermal and electrical insulation, cement pipe and sheets, flooring,
gaskets, friction materials (e.g. brake pads and shoes), coating and caulking compounds,
plastics, textiles, paper, mastics, thread, fibre jointing and millboard (1).

Organizations that track the usage of chrysotile globally report that all asbestos (including
chrysotile) use had been prohibited in 32 countries by 2007, rising to approximately 50
countries by 2014 (24). The form of prohibition in countries can vary (e.g. exemptions for
limited, highly specialized engineering uses can be permitted), which complicates the process of
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determining the status of a country at any given time. However, countries that have prohibited
all widespread and large-scale uses of all types of asbestos (including chrysotile) include Algeria,
Argentina, Australia, Bahrain, Brunei Darussalam, Chile, Egypt, the 28 member states of the
European Union, Gabon, Honduras, Iceland, Israel, Japan, Jordan, Kuwait, Mozambique,
Norway, Oman, Qatar, Republic of Korea, Saudi Arabia, Serbia, Seychelles, South Africa,
Switzerland, Turkey and Uruguay. Asbestos is also banned in two states of Brazil, Rio de Janeiro
and Rio Grande do Sul (25).

Although asbestos has not been banned in the USA, consumption decreased from 668 000 t in
1970to0 359 000t in 1980, 32 tin 1990, 1.1t in 2000 and 1.0t in 2010 (22, 23). Consumption of
asbestos (mainly chrysotile) was 143 000 t in the United Kingdom in 1976, decreasing to 10 000
tin 1995; as the use of asbestos is banned in the European Union, it is expected to be zero at
present. France imported approximately 176 000 t of asbestos in 1976; imports stopped by
1996, when France banned asbestos use. In Germany, the use of asbestos amounted to
approximately 175 000 t annually from 1965 to 1975 and came to an end in 1993. In Japan,
asbestos consumption was approximately 320 000 t in 1988 and decreased steadily over the
years to less than 5000 in 2005; asbestos use was banned in 2012 (26). In Singapore, imports of
raw asbestos (chrysotile only) decreased from 243 tin 1997 to 0 t in 2001 (27). In the
Philippines, the importation of raw asbestos was approximately 570 t in 1996 and 450 t in 2000
(28). However, in some countries, such as Belarus, Bolivia (Plurinational State of), China, Ghana,
India, Indonesia, Pakistan, Philippines, Sri Lanka and Viet Nam, the use of chrysotile increased
between 2000 and 2010. In India, use increased from 145 000 t in 2000 to 462 000 t in 2010
(21, 23); in Indonesia, the increase was from 45 045 t in 2001 to 121 548 t in 2011 (29).

Non-occupational exposure

Non-occupational exposure also loosely called environmental exposure, to asbestos may be due
to domestic exposure (e.g. living in the same household with someone exposed to asbestos at
work), air pollution from asbestos-related industries or the use of asbestos-containing friction
materials, or naturally occurring asbestos minerals.

In studies of asbestos concentrations in outdoor air, chrysotile is the predominant fibre
detected. Low levels of asbestos have been measured in outdoor air in rural locations (typical
concentration, 10 fibres/m3).3 Typical concentrations are about 10-fold higher in urban
locations and about 1000 times higher in close proximity to industrial sources of exposure.
Elevated levels of chrysotile fibres have also been detected at busy traffic intersections,
presumably from braking vehicles (30). In indoor air (e.g. in homes, schools and other
buildings), measured concentrations of asbestos are in the range of 30-6000 fibres/m3 (1).

FDA, Inc.




23

Elevated levels of chrysotile fibres have been detected at busy traffic intersections, presumably from

braking vehicles

Occupational exposure

Exposure by inhalation and, to a lesser extent, ingestion occurs in the mining and milling of
asbestos (or other minerals contaminated with asbestos), the manufacturing or use of products
containing asbestos, and the construction, automotive and asbestos abatement industries
(including the transport and disposal of asbestos-containing wastes) (1). In estimates published
in 1998, when most European Union countries had already banned the use of all asbestos, it
was estimated that the proportion of the European Union workforce still exposed to asbestos
(mainly chrysotile) in different economic subsectors (as defined by the United Nations) (31) was
as follows: agriculture, 1.2%; mining, 10.2%; manufacturing, 0.59%; electrical, 1.7%;
construction, 5.2%; trade, 0.3%; transport, 0.7%; finance, 0.016%; and services, 0.28% (32, 33).

In 2004, it was estimated that 125 million people were exposed to asbestos (as stated above,
mainly to chrysotile) at work (34).

The National Institute for Occupational Safety and Health (NIOSH) in the USA estimated in 2002
that 44 000 miners and other mine workers may have been exposed to asbestos during the
mining of asbestos and some mineral commodities in which asbestos may have been a
potential contaminant. In 2008, the Occupational Safety and Health Administration (OSHA) in
the USA estimated that 1.3 million employees in construction and general industry face
significant asbestos exposure on the job (1). In Europe, based on occupational exposure to

FDA, Inc.




24

known and suspected carcinogens collected during 1990-1993, the CAREX (CARcinogen
EXposure) database estimates that a total of 1.2 million workers were exposed to asbestos in
41 industries in the (then 15) member states of the European Union. Over 96% of these
workers were employed in the following 15 industries: “construction”, “personal and household
services”, “other mining”, “agriculture”, “wholesale and retail trade and restaurants and
hotels”, “food manufacturing”, “land transport”, “manufacture of industrial chemicals”,
“fishing”, “electricity, gas and steam”, “water transport”, “manufacture of other chemical
products”, “manufacture of transport equipment”, “sanitary and similar services” and
“manufacture of machinery, except electrical” (1). According to an unpublished report, in China,
120 000 workers of 31 asbestos mines come in direct contact with asbestos, and 1.2 million
workers are involved in the production of chrysotile asbestos products (35). Another
unpublished report indicated that in 31 asbestos factories in China with 120 000 workers, all
these workers could have come in contact with asbestos either directly or indirectly (35). In
India, approximately 100 000 workers in both organized and unorganized sectors were
estimated to be exposed to asbestos directly, and 30 million construction workers were
estimated to be subjected to asbestos dust on a daily basis (36). The number of exposed

workers in Brazil was estimated to be 300 000 (25).

In Germany, there was a steady decline in asbestos exposure between 1950 and 1990; the 90th
percentile of the fibre count was between 0.5 and 1 fibre/mL in textile, paper/seals, cement,
brake pad and drilling/sawing activities in 1990 (37).

In France, median asbestos concentrations were highest in the building (0.85 fibre/mL in 1986—
1996 and 0.063 fibre/mL in 1997-2004), chemical industry (0.34 and 0.1 fibre/mL, respectively)
and services (0.07 and 0.1 fibre/mL, respectively) sectors (38).

In 2004, it was estimated that 125 million people were exposed to asbestos at work

In 1999, the median asbestos (almost exclusively chrysotile) fibre counts in the air, as measured
by personal samplers, in a Chinese asbestos textile plant were 6.5, 12.6, 4.5, 2.8 and 0.1
fibre/mL in the raw material (opening), raw material (bagging), textile, rubber plate and
asbestos cement sections of the plant; in 2002, the median asbestos fibre counts were 4.5, 8.6
and 1.5 fibres/mL in the raw material, textile and rubber plate parts of the plant (15).

In 2006, the geometric mean asbestos fibre count in the air in the largest chrysotile mine in
China was 29 fibres/mL, as estimated from gravimetric dust measurements. Available data
indicated that up to 1995, dust concentrations had been 1.5-9 times higher (11).

The geometric mean occupational exposures to asbestos fibres were 0.40, 1.70 and 6.70
fibres/mL in the construction, asbestos friction and asbestos textile industries in 1984 in the
Republic of Korea; in 1996, the corresponding figures were 0.14, 0.55 and 1.87 fibres/mL (39).
Park and colleagues (40) analysed 2089 asbestos exposure data sets compiled from 1995
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through 2006 from 84 occupational sites. Asbestos exposure levels decreased from 0.92
fibre/mL in 1996 to 0.06 fibre/mL in 1999, possibly in part because of enforcement of 1997
legislation banning the use of amosite and crocidolite. During the periods 2001-2003 and
2004-2006, mean asbestos exposure levels declined further to 0.05 and 0.03 fibre/mL,
respectively. The mean concentration in the major primary asbestos production plants was 0.31
fibre/mL, and in the secondary asbestos industries (handlers and end uses of asbestos-
containing materials), 0.05 fibre/mL. In particular, a substantial reduction in asbestos exposure
levels was evident among primary industries handling raw asbestos directly. In this industry,
exposure dropped from 0.78 fibre/mL (period 1995-1997) to 0.02 fibre/mL (period 2003—2006).

In Thailand, breathing zone asbestos concentrations in 1987 in roof tile, cement pipe, vinyl floor
tile, asphalt undercoat and acrylic paint plants and in brake and clutch shops were < 1.11, 0.12—-
2.13,<0.18,<0.06 and 0.01-58.46 fibres/mL, respectively. The brake and clutch shops were
small-scale enterprises, in contrast to the others; they had high asbestos air concentrations also
in 2000 (0.24-43.31 and 0.62-2.41 fibres/mL for the brake and clutch shops, respectively) (41).

The occupational exposure limit for chrysotile has been lowered in the USA since the 1970s:
from 12 fibres/mLin 1971 to 5 fibres/mLin 1972, 2 fibres/mL in 1976, 0.2 fibre/mL in 1986 and
0.1 fibre/mL in 1994 (42). The occupational exposure limit for all asbestos species is also 0.1
fibre/mL in the Bolivarian Republic of Venezuela (43), the European Union (44), India (36),
Indonesia (45), Malaysia (46),
Norway (47), the Republic of
Korea (39), Singapore (27) and
the provinces of Alberta and
British Columbia in Canada (48).
Other occupational exposure
limits for all asbestos fibres
include 0.01 fibre/mL in the ~
Netherlands (49); 0.15 fibre/mL ¥ W
in Japan (26); 0.2 fibre/mL in
South Africa (50); 0.8 fibre/mL in
China (11, 35); and 2 fibres/mL in
Brazil (48) and the Philippines
(28). In Thailand, the labour law
sets the limit for airborne
asbestos at 5 fibres/mL (41, 45).
In Canada, the occupational
exposure limit for chrysotile is 1
fibre/mL (51).
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Health effects

The key studies on the main health endpoints associated with exposure to chrysotile have been
summarized in Table 1 (see page 39).

Cancer of the lung

Studies in experimental animals

Bronchial carcinomas were observed in many experiments in rats after inhalation exposure to
chrysotile fibres. There was no consistent increase in tumour incidence at other sites (except
mesothelioma, see below) (1).

Studies in humans

Occupational exposure

In the final report on male workers in chrysotile mines in Quebec, Canada (3), there was an
exposure-related increase in mortality from lung cancer, reaching a standardized mortality ratio
(SMR) of 2.97 (95% confidence interval [Cl]: 2.18-3.95) in the most heavily exposed group.
There was little difference between workers in the Asbestos and Thetford Mines areas of
Quebec; in the latter area, the chrysotile was (to a small extent) contaminated with tremolite.

An elevated mortality from lung cancer (SMR: 1.49; 95% Cl: 1.17—-1.87) was observed in a
cohort of chrysotile friction product plant workers in Connecticut, USA. Some anthophyllite was
used in some product lines during the last 20 years of the followup (52).

The risk of lung cancer was greatly increased among asbestos textile workers, mainly exposed
to chrysotile, who received compensation for work-induced asbestosis in Italy (SMR: 6.82; 95%
Cl: 3.12-12.95). There was no quantitative estimation of what the exposure to “mainly
chrysotile” represented (53).

Among workers with at least 1 year’s work experience between 1946 and 1987 in a chrysotile
mine in Balangero, northern ltaly, the lung cancer SMR was 1.27 (95% Cl: 0.93-1.70) during the
follow-up to 2003 (5). No fibrous amphiboles were found, but 0.2-0.5% of a fibrous silicate,
balangeroite, was identified in the chrysotile mined (54).

Among workers of eight chrysotile asbestos factories in China with at least 15 years of work
experience and followed from 1972 to 1986, the mortality from lung cancer was elevated
(relative risk [RR]: 5.3; 95% Cl: 2.5-7.1). The lung cancer risk was especially high among heavy
smokers (chrysotile-exposed non-smokers: RR: 3.8 [95% Cl: 2.1-6.3]; chrysotile-exposed light
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smokers: RR: 11.3 [95% Cl: 4.3-30.2]; chrysotile exposed medium smokers: RR: 13.7 [95% ClI:
6.9-24.6]; chrysotile-exposed heavy smokers: RR: 17.8 [95% Cl: 9.2—31.3]) (8).

In a study in an asbestos textile plant in South Carolina, USA, the exposure was almost
exclusively to chrysotile (part of the time, approximately 0.03% of the total amount of fibre
used was crocidolite, which was never carded, spun or twisted and was woven wet). The lung
cancer SMR was 1.95, with a 95% Cl of 1.68-2.24. Exposure—response modelling for lung
cancer, using a linear relative risk model, produced a slope coefficient of 0.0198 fibre-years/mL*
(standard error 0.004 96) when cumulative exposure was lagged 10 years (6).

Elevated mortality from lung cancer has been observed in chrysotile mine workers, chrysotile friction

product plant workers and textile mill workers exposed to chrysotile

In a cohort study in four asbestos textile mills in North Carolina, USA, workers with at least 1
day’s work between 1950 and 1973 were followed for mortality to 2003. In one of the plants, a
small amount of amosite was used between 1963 and 1976, whereas the others used
exclusively chrysotile (7). In subsequent analysis of fibres from North Carolina and South
Carolina by transmission electron microscopy, 0.04% of the fibres were identified as
amphiboles (55). Lung cancer mortality was elevated in an exposure-related fashion and
reached an SMR of 2.50 (95% Cl: 1.60-3.72) in the high-exposure category. The risk of lung
cancer increased with cumulative fibre exposure (rate ratio: 1.102 per 100 fibre-years/mL, 95%
Cl: 1.044-1.164, for total career exposure) (7).

Non-occupational exposure

There are few studies on lung cancer in people with non-occupational exposure to asbestos and
even fewer in which chrysotile specifically has been investigated.

In a cohort of 1964 wives (not working in the asbestos mills) of asbestos cement workers in
Casale Monferrato, Italy, the risk of dying from lung cancer was slightly elevated (SMR: 1.50;
95% Cl: 0.55-3.26). The asbestos used was mainly chrysotile but included approximately 10%
crocidolite (56). A slightly elevated lung cancer risk was observed among spouses of workers in
an amosite factory in New Jersey, USA (SMR for male spouses of workers with more than 20
years of exposure, 1.97 [95% Cl: 1.12-3.44], and for female spouses of workers with more than
20 years of exposure, 1.70 [95% Cl: 0.73-3.36]) (57).

Meta-analyses

In an informal meta-analysis of 13 studies with dose—response information available in 1986,
WHO estimated the risk of lung cancer and mesothelioma in asbestos-exposed smokers and
non-smokers (58). Most of these studies have since been updated, new studies have become
available and formal meta-analyses of studies on lung cancer among chrysotile-exposed

4 Cumulative exposure is expressed in units of (fibres/mL) x years. These units are given hereafter as fibre-years/mL.
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workers have been performed, with the main aim to investigate the carcinogenic potency of
chrysotile, especially in comparison with that of amphibole asbestos species. Another objective
of the meta-analyses has been the elucidation of possible differences in the carcinogenic
potency of fibres of different dimensions (i.e. length and thickness).

Lash et al. (59) conducted a meta-analysis based on the findings from 22 published studies on
15 asbestos-exposed cohorts with quantitative information on asbestos exposure and lung
cancer mortality. Substantial heterogeneity was found in the slopes for lung cancer between
these studies. The heterogeneity was largely explained by industry category (mining and
milling, cement and cement products, or manufacturing and textile products), considered to
reflect the stages of asbestos fibre refinement, dose measurements, tobacco habits and
standardization procedures. There was no evidence that differences in fibre type
(predominantly chrysotile, chrysotile mixed with other, or other) would explain the
heterogeneity of the slope —in other words, there was no difference in the potency to cause
lung cancer between the different fibre types.

Hodgson & Darnton (60) performed a meta-analysis based on 17 cohort studies with
information on the level of asbestos exposure. Marked heterogeneity was observed in the
potency slope derived from different chrysotile-exposed cohorts; the risk estimated from the
South Carolina, USA, asbestos textile plants (approximately 6% per fibre-year/mL) was similar
to the average in the amosite-exposed cohorts (5% per fibre-year/mL), whereas that from the
Quebec, Canada, mine studies was only 0.06% per fibre-year/mL, and the studies in asbestos
cement and friction product plants were intermediate in risk. Hodgson & Darnton (60) decided
to exclude the South Carolina study from the calculation, mainly because the risk derived for
the cohorts with mixed exposure (chrysotile + amphibole) was approximately 10% of that with
pure amphibole exposures, and concluded that the potency of chrysotile to cause lung cancer
was 2—-10% of that of the amphiboles. Their “best estimate” for excess lung cancer from
exposure to pure chrysotile was 0.1% per fibre-year/mL. However, the IARC Working Group (1)
noted that there is no justification for exclusion of the South Carolina cohort, because it is one
of the highest-quality studies in terms of the exposure information used in the study. An
alternative explanation of the large difference in the risk estimates from the mining studies and
the asbestos textile studies (also observed in the meta-analysis of Lash et al. (59)) could be the
differences in fibre dimensions: a larger percentage of long fibres was found in samples from
the South Carolina cohort (61) compared with what was previously reported in samples from
the Quebec mines and mills (62). A further possible cause of the difference is the difference in
the quality of the exposure data (18).

Berman & Crump (63, 64) published a meta-analysis that included data from 15 asbestos cohort
studies. Lung cancer risk potency factors, based on a linear exposure— cancer risk relationship,
were derived for fibre type (chrysotile versus amphiboles) and fibre size (length and width).
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As with the previous analyses, substantial variation was found in these studies, with results for
lung cancer varying by 2 orders of magnitude. The slope factor for chrysotile was 0.000 29
(fibre-year/mL) -1 for Quebec mining and 0.018 (fibre-year/mL) -1 for the South Carolina
textile workers. That for tremolite (vermiculite mines and milling operations in Libby, Montana,
USA) was 0.0026 (fibre-year/mL) -1, with an upper uncertainty level of 0.03 (fibre-year/mL) -1,
and that for amosite insulation, 0.024 (fibre-year/mL)-1 (64).

In a further analysis of the fibre dimensions, the hypothesis that long chrysotile fibres are
equipotent to long amphibole fibres was rejected for thin fibres (width < 0.2 um), but not for
fibres of all widths or for thick fibres (width > 0.2 um). When the South Carolina cohort was
dropped in a sensitivity analysis, the potency in the remaining studies in the meta-analysis was
significantly greater for amphiboles than for chrysotile (P = 0.005). Dropping the Quebec cohort
resulted in there being no evidence of a significant difference in potency between the fibre
types (P =0.51) (63).

It is not possible to draw firm conclusions concerning the relative potency of chrysotile and

amphibole asbestos fibres

The IARC Working Group (1) noted that both the Hodgson & Darnton (60) and Berman & Crump
(63, 64) analyses reveal a large degree of heterogeneity in the study findings for lung cancer
and that findings are highly sensitive to the inclusion or exclusion of the studies from South
Carolina or Quebec. The reasons for the heterogeneity are unknown; until they are explained, it
is not possible to draw firm conclusions concerning the relative potency of chrysotile and
amphibole asbestos fibres.
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IARC conclusions on cancer of the lung

In respect of cancer of the lung, IARC concluded that there is sufficient evidence of
carcinogenicity in humans for all types of asbestos, including chrysotile. This is the strongest
IARC category for describing the strength of evidence (1).

Key new studies

Hodgson & Darnton (65) updated their meta-analysis of the lung cancer and mesothelioma risks
from exposure to different asbestos species following the publication of data for the North
Carolina, USA, chrysotile textile workers and noted that their original “best estimate”, 0.1% per
fibre-year/mL, was practically identical to the estimate from the North Carolina cohort (RR:
1.102 per 100 fibre-years/mL).

In a cohort study in the largest chrysotile mine in Quinghai, China, all male workers (n = 1539)
employed at the beginning of 1981 were followed until the end of 2006. Mortality from
different causes was compared with the national rates. Using a method with a sensitivity of
0.001%, no amphiboles were detected in the ore. The fibre exposure (estimated from
gravimetric dust measurements in 2006) was 2.9-63.8 fibres/mL. The SMR for lung cancer was
4.71 (95% Cl: 3.57-6.21). The SMR for the non-smoking chrysotile-exposed workers (miners and
millers) was 1.79 (95% Cl: 0.49-6.51), and that for the non-smoking referents (rear services and
administration), 1.05 (95% Cl: 0.19-5.96). For the smoking miners/millers, the SMR was 5.45
(95% Cl: 4.11-7.22), and for the smoking referents, 1.66 (95% Cl: 0.71-3.88) (11). Lung cancer
mortality increased with increasing estimated fibre exposure, and the SMR was 1.10 (95% ClI:
0.47-2.28), 4.41 (95% Cl: 2.52-7.71), 10.88 (95% Cl: 6.70-17.68) and 18.69 (95% Cl: 12.10—-
28.87) in the groups with estimated cumulative exposures of < 20, 20-100, > 100-450 and >
450 fibre-years/mL, respectively (12). In an overlapping study of all 1932 workers employed for
at least half a year between 1981 and 1988 and followed until 2010, the lung cancer SMR
among the group considered directly exposed was 2.50 (95% Cl: 1.85-3.24) (10).

In the largest chrysotile factory in China, situated in Chongging, in a follow-up of 584 male
workers for 37 years, the SMR for lung cancer was 4.08 (95% Cl: 3.12-5.33) (14, 15). The risk
increased with estimated exposure and was seen in both nonsmokers and smokers. In females
(n = 277), with a total employment time of only 19 years, a statistically non-significant excess of
lung cancer was observed (SMR: 1.23; 95% Cl: 0.34-4.50). The chrysotile used in the factory
was from a single source in China, and the content of tremolite was less than 0.001% (66). An
RR of 1.23 (95% Cl: 1.10-1.38) per 100 fibre-years/mL was estimated by fitting a log-linear
model with a 10-year exposure lag (67).
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In 2011, Lenters and co-workers (18) analysed the association of the quality of exposure
assessment with the estimated lung cancer potency of asbestos exposure in a meta-analysis of
18 industrial cohorts and 1 population-based case—referent study. Stratification by exposure
assessment characteristics revealed that studies with well documented exposure assessment,
larger contrast in exposure, greater coverage of the exposure history by exposure
measurement data and more complete job histories had higher potency slope values than did
studies without these characteristics. Differences in potency for chrysotile compared with
amphibole asbestos were less evident when the meta-analysis was restricted to studies with
higher-quality exposure data (18).

In order to better evaluate the carcinogenic potency of asbestos fibres at low exposure levels,
van der Bij and collaborators (19) applied, in addition to linear dose—exposure models, a spline
function to the lung cancer and exposure data from the studies with no fewer than two risk
estimates at different exposure levels. The spline function has the advantage that responses at
high exposures do not excessively determine the dose—response relationships at low exposure
levels. They found that in exposure to chrysotile alone, the relative lung cancer risks at lifetime
exposures to 4 and 40 fibreyears/ mL were 1.006 and 1.064, respectively (natural spline
function with correction for intercept). After stratification by fibre type, a non-significant 3- to
4-fold difference in RRs between chrysotile and amphibole fibres was found for exposures
below 40 fibre-years/mL. The difference in potency between chrysotile and amphiboles thus
was considerably smaller than in the earlier analyses (60, 63). As in the other metaanalyses, risk
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estimates for chrysotile were very different for the South Carolina, USA, and Quebec, Canada,
studies.

Kumagai and coworkers (68) assessed the relationship between lung cancer mortality and
asbestos exposure in the vicinity of an asbestos factory, based on meteorological modelling of
the town of Hashima, Japan, where an amosite—chrysotile plant operated in 1943-1991.
Excluding individuals with occupational exposure to asbestos or silica, lung cancer risk was
elevated among those with highest estimated environmental asbestos exposure (SMR: 3.5; 95%
Cl: 1.52-5.47).

Malignant mesothelioma has been linked to occupational, domestic and environmental exposure to

asbestos

The standardized incidence ratio (SIR) for lung cancer during a 10-year period in 15 villages in
Turkey with environmental asbestos exposure was 1.82 (95% Cl: 1.42—-2.22) in men and 1.80
(95% ClI: 1.43-2.00) in women, in comparison with 12 villages with no asbestos exposure. The
estimated lifetime asbestos exposure range was 0.19-4.61 fibre-years/mL; the fibre type was
either tremolite or a mixture of tremolite + actinolite + chrysotile or anthophyllite + chrysotile.
Lung cancer risk was elevated in both non-smokers (SIR: 6.87; 95% Cl: 3.58—13.20) and smokers
(SIR: 12.50; 95% Cl: 7.54-20.74) (69).

Mesothelioma

Studies in experimental animals
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After intrapleural or intraperitoneal injection of chrysotile, mesothelioma induction was
consistently observed in rats, when samples contained a sufficient number of fibres with a fibre
length of greater than 5 um. In several studies in rats, mesotheliomas were also observed after
inhalation exposure to chrysotile (1).

Studies in humans
Occupational exposure

An excess of mesothelioma has been reported in cohort studies of chrysotile-exposed miners
and millers (38 cases out of a total of 6161 deaths) in Quebec, Canada (3), and of asbestos
textile workers (3 cases out of 1961 deaths) in South Carolina, USA, who were predominantly
exposed to chrysotile asbestos imported from Quebec (6). However, the fact that chrysotile
mined in Quebec is contaminated with a small percentage (< 1%) of amphibole asbestos
(tremolite) complicates the interpretation of these findings. McDonald et al. (70) found that in
the Quebec mining areas, the mortality from mesothelioma was 3 times higher among workers
from mines in Thetford Mines, a region with higher concentrations of tremolite, than among
those from mines in Asbestos, with lower concentrations of tremolite. However, Begin et al.
(71) noted that although tremolite levels may be 7.5 times higher in Thetford Mines than in
Asbestos, the rate of mesothelioma in the asbestos mine/mill workforce of these two towns
was similar. This does not support the notion that the tremolite content of the ores is the
determinant of mesothelioma risk in Quebec chrysotile workers.

No cases of mesothelioma among the total of 803 deaths were observed in the Connecticut,
USA, friction material plant workers exposed to chrysotile (52).

There were two cases of malignant pleural tumours among asbestos textile workers who
received compensation for work-induced asbestosis in Italy; this represents a greatly increased
risk (SMR: 22.86; 95% Cl: 2.78-82.57). There was a more pronounced increase in the risk of
peritoneal tumours. The exposure was described as “mainly chrysotile”, but no quantitative
data on the exposure were provided (53).

Among 126 cases of mesothelioma identified in six referral hospitals in South Africa, 23 cases
had mined Cape crocidolite; 3 had mined amosite; and 3, crocidolite plus amosite. None had
purely chrysotile exposure (72). It should be noted that chrysotile mining began later, and
production levels were lower than in the crocidolite and amosite mines of South Africa.

Cases of mesothelioma have been reported among asbestos miners in Zimbabwe (73).
Chrysotile from Zimbabwe has been reported to contain 3 orders of magnitude less tremolite
than that from Thetford Mines, Quebec (74).
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Asbestos textile workers in North Carolina, USA, were primarily exposed to chrysotile imported
from Quebec, Canada. Large excesses of both mesothelioma (SMR: 10.92; 95% Cl: 2.98-27.96)
and pleural cancer (SMR: 12.43; 95% Cl: 3.39-31.83) were observed (7).

Two cases of mesothelioma were observed in the 1990 study in the Balangero, Italy, chrysotile
mine (54). However, in a follow-up until 2003, four pleural and one abdominal mesothelioma
were identified, giving SMRs of 4.67 (95% Cl: 1.27-11.96) for pleural mesothelioma and 3.16
(95% Cl: 1.02-7.36) for all mesothelioma (5).

Non-occupational exposure

Since the first large case-series published by Wagner and co-workers (75) linking malignant
mesothelioma to occupational, domestic and environmental exposure to asbestos, at least 376
cases of mesothelioma for which domestic exposure to asbestos has been considered the
causative agent have been published in some 60 scientific papers (76).

Three cases of mesothelioma were identified in 1980—-2006 from the mesothelioma registry in
Piedmont, northern Italy, among white collar workers of the Balangero chrysotile mine, three
among employees of a subcontractor working as lorry drivers in the mine, four among persons
living in the vicinity of the mine, one the wife of a mine worker and five cases who had had
contact with the main tailings (4). No fibrous amphiboles were found, but 0.2-0.5% of a fibrous
silicate, balangeroite, was identified in the chrysotile mined in Balangero (54).

In a cohort of 1780 wives (not working in the asbestos mills) of asbestos cement workers in
Casale Monferrato, Italy, the risk of dying from malignant pleural tumours was elevated in
1965-2003 (SMR: 18.00; 95% Cl: 11.14-27.52). The asbestos used was mainly chrysotile, but
included approximately 10% crocidolite (56, 77). The incidence of histologically verified pleural
mesothelioma in 1999-2001 was also elevated in a roughly latency- and exposure duration—
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dependent way, reaching an SIR of 50.59 (95% Cl: 13.78-129.53) in the group with a latency of
at least 40 years and duration of exposure of at least 20 years.

In a population-based case—-referent study in a local health area of Casale Monferrato, Italy, the
association between non-occupational asbestos exposure and malignant mesothelioma was
examined for 116 cases of mesothelioma diagnosed in 1987-1993 and 330 referents. The odds
ratio (OR) for the cases to be a spouse of an asbestos worker was 4.5 (95% Cl: 1.8-11.1); the OR
for the cases to be a child of an asbestos worker was 7.4 (95% Cl: 1.9—28.1). The risk was
inversely related to the distance between the residence and the asbestos factory, reaching an
OR of 27.7 (95% Cl: 3.1-247.7) for those ever living less than 500 m from the factory. In 1984,
the average asbestos concentrations in the air were reported to be 0.011 fibre/mL close to the
plant and 0.001 fibre/mL in the residential area. In different studies, the proportion of
amphiboles varied between 3% and 50% of total asbestos fibres (78).

Of the 162 female cases of fatal mesothelioma in Canada and the USA in 1966-1972, three
occurred in wives of workers in Quebec chrysotile mines (79). In a case—referent study among
wives of workers in Quebec chrysotile mines, the risk of living with a mine worker for less than
40 years was associated with a mesothelioma risk of 3.9 (95% Cl: 0.4-35); the risk of living with
a mine worker for more than 40 years was associated with a risk of 7.5 (95% Cl: 0.8-72). All
cases had lived with a worker from the mine in Thetford Mines, where the chrysotile ore was
contaminated with tremolite (80).

In several countries or regions in different parts of the world — Turkey, Greece, Cyprus, Corsica,
Sicily, New Caledonia, Yunnan province, China, and California, USA — there are areas with a high
incidence of mesothelioma, apparently caused by asbestos or erionite in soil (1, 81).

In a case—referent study of 1133 mesothelioma cases and 890 referents in California, the risk of
mesothelioma was observed to be inversely related to the distance of the residence from
naturally occurring asbestos ultramafic rocks, which contain serpentinic asbestos. The
mesothelioma risk decreased with an SMR of 0.937 (95% Cl: 0.895—-0.982) per 10 km of
distance, adjusted for age and probability of occupational asbestos exposure (82).

In a case—referent study of 68 cases of mesothelioma in New Caledonia, the prevalence of
mesothelioma in different parts of the island was related to the serpentinite content of the soil,
not to mining activity or the use of the traditional lime, “p6”, to cover houses (83).

Meta-analyses

From a meta-analysis of cohort studies with quantitative information on exposure, Hodgson &
Darnton (60) estimated that the excess mesothelioma risk was 0.1% per fibre-year/mL for
cohorts exposed to chrysotile.
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The meta-analysis conducted by Berman & Crump (64) was based on the analysis of the slopes
that were estimated assuming that the mortality rate from mesothelioma increases after
exposure ceases approximately as the square of time since first exposure (lagged 10 years). The
slope factor, indicating potency, was estimated to be 0.15 x 10-8 per year2 x fibres/mL for the
South Carolina, USA, plants and 0.018 x 10-8 per year2 x fibres/mL for the Quebec, Canada,
mines, representing exposure to chrysotile, whereas the estimate for the Patterson, New
Jersey, USA, factory where the asbestos species used was amosite was 3.9 x 10-8 per year2 x
fibres/mL. In a further analysis in which fibre size was considered, the hypothesis that chrysotile
and amphibole forms of asbestos are equipotent was strongly rejected (P < 0.001), and the
hypothesis that the potency of chrysotile asbestos was zero was not rejected (P > 0.29).

The IARC Working Group (1) noted that there is a high degree of uncertainty concerning the
accuracy of the relative potency estimates derived from the Hodgson & Darnton (60) and
Berman & Crump (64) analyses because of the severe potential for exposure misclassification in
these studies.

The study of textile workers in North Carolina, USA (7), was not included in the metaanalyses.
Based on the approach used by Hodgson & Darnton (60), the authors of the North Carolina
study (7) estimated that the percentage of deaths was 0.0098% per fibre-year/mL for workers
followed for at least 20 years. This estimate is considerably higher than the original estimate
developed by Hodgson & Darnton (60) of 0.001% per fibre-year/mL for cohorts exposed to
chrysotile.

Bourdes and coworkers (84) performed a meta-analysis of available studies on household and
neighbourhood exposure to asbestos and mesothelioma risk and came up with estimated
summary RRs of 8.1 (95% Cl: 5.3-12) for household exposure and 7.0 (95% Cl: 4.7-11) for
neighbourhood exposure.
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IARC conclusions on mesothelioma

In respect of mesothelioma, IARC concluded that there is sufficient evidence of carcinogenicity
in humans for all types of asbestos, including chrysotile. This is the strongest IARC category for
describing the strength of evidence (1).

Key new studies

Hodgson & Darnton (65) updated their meta-analysis of the potency of different asbestos fibres
to cause mesothelioma following the publication of the North Carolina, USA, study (7) and
revised their potency estimate upward to 0.007% per fibre-year/mL.

Of a total of 259 deaths in the Chinese asbestos factory workers (16), 2 were from
mesothelioma, whereas no mesotheliomas were reported among the 428 total deaths in the
Chinese chrysotile miner cohort (11). The tremolite content of the chrysotile studied in these
studies was less than 0.001%. In a brief report, it was stated that the mesothelioma incidence in
the asbestos (almost exclusively chrysotile) production areas in China was 85/1 000 000,
whereas it was 1/1 000 000 in the general population (35). It is not clear what proportion of the
excess risk observed is due to environmental exposure and what proportion is due to
occupational exposure.

Exposure to asbestos was studied among 229 malignant
mesothelioma patients identified from the Australian
Mesothelioma Registry and diagnosed between 2010
and 2012. For 70, no occupational exposure was
discovered; these included 37 who had performed a
major renovation of their housing with asbestos-
containing materials, 35 who had lived in a house during
a renovation with asbestos-containing materials, 19 who
had lived in a house built of fibro (asbestos cement
sheet), 19 who had lived with someone working in an
asbestos-exposed job, 12 who had performed
brake/clutch work (nonprofessionally), 10 who had
visited Wittenoom (the western Australian city with a
crocidolite mine) and 8 who lived in the vicinity of an
asbestos mine or asbestos products factory (total does
not add to 70 because a number of participants were
counted in more than one category) (85).

In a case—referent study in the United Kingdom, exposure to asbestos was studied by detailed
interview of 622 mesothelioma patients and 1420 population referents. The OR for living with
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an exposed worker before the age of 30 years was 2.0 (95% Cl: 1.3—-3.2). No information was
available on the fibre type (86).

The prevalence of malignant pleural mesothelioma was elevated in the vicinity of a chrysotile
asbestos plant in north Cairo, Egypt. The increased prevalence was limited to the immediate
vicinity of the factory and people estimated to have had a cumulative exposure of 20 fibre-
years/mL (87). (This study was not included in the meta-analysis of Goswami and co-workers
(88) described below.)

In a cohort study of inhabitants of 15 villages in Turkey with environmental asbestos exposure
and 12 villages with no such exposure, there were 14 deaths from mesothelioma in men out of
a total of 79 cancer deaths; for women, the number of mesothelioma deaths was 17 out of a
total of 40 cancer deaths. The estimated lifetime asbestos exposure range was 0.19-4.61 fibre-
years/mL; the fibre type was either tremolite or a mixture of tremolite + actinolite + chrysotile
or anthophyllite + chrysotile (69). (This study was not included in the meta-analysis of Goswami
and co-workers (88) described below.)

Occupational exposure to chrysotile also causes nonmalignant lung diseases

In a meta-analysis of 12 cohort and case-referent studies on mesothelioma after domestic
exposure to asbestos, Goswami and coworkers (88) estimated a summary RR of 5.02 (95% Cl:
2.48-10.13). In six studies, the fibre type was not specified; in one, it was chrysotile; and in
four, it was chrysotile with other fibres.

Asbestosis

Of 8009 deaths among Quebec, Canada, miners and millers in 1972-1992, 108 were caused by
pneumoconiosis (3). In the South Carolina, USA, cohort, the SMR for pneumoconiosis and other
pulmonary diseases was 4.81 (95% Cl: 3.84-5.94), and that for asbestosis, 232.5 (95% Cl: 162.8—
321.9); there were 36 deaths from asbestosis and 86 from pneumoconiosis out of a total of
1961 deaths (6). In the North Carolina, USA, chrysotile textile worker cohort, the SMR for
pneumoconiosis was 3.48 (95% Cl: 2.73—-4.38) (7).

The SMR for asbestosis in the Chinese chrysotile textile cohort was 100 (95% Cl: 72.55-137.83)
(14). In the Balangero, Italy, mine cohort, there were 21 cases of asbestosis out of a total of 590
deaths (5).

One should note, however, that the pneumoconioses have never been reliably recorded as a
cause of death on death certificates. Additionally, mortality studies are generally not sufficient
to detect clinically significant morbidity. Equally, in studies of morbidity, the etiological or
diagnostic specificity of the usual methods of assessment (i.e. chest radiography, physiological
testing and symptom questionnaire) is limited. Many studies show that exposure to chrysotile
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induces decrement in lung function, radiological changes consistent with pneumoconiosis and
pleural changes (2).

A dose-related reduction in vital capacity (P = 0.023) and expiratory volume (P < 0.001) was
observed with increasing cumulative exposure (i.e. > 8 fibre-years/mL) to chrysotile asbestos in
miners and millers in Zimbabwe who were exposed for more than 10 years (89).

Chest X-ray changes among textile and friction product workers in China were reported by
Huang (90). A cohort of 824 workers employed for at least 3 years in a chrysotile products
factory from the start-up of the factory in 1958 until 1980, with follow-up through to
September 1982, was studied. Overall, 277 workers were diagnosed with asbestosis during the
follow-up period, corresponding to a period prevalence of 31%. Exposure—response analysis,
based on gravimetric data converted to fibre counts, predicted a 1% prevalence of Grade |
asbestosis at a cumulative exposure of 22 fibre-years/mL.

Asbestosis was also detected in 11.3% of wives of asbestos-exposed shipyard workers with a
20-year work history and in 7.6% of their sons. The asbestos type was not specified (91). One or
more radiological signs of asbestosis were observed in 35% of the household contacts of
amosite asbestos insulation workers (92). The prevalence of pleural calcifications was increased
10.2-fold (95% Cl: 2.8—-26.3) among blood relatives of workers in chrysotile asbestos factories
and 17.0-fold (95% Cl: 7.7-32.2) among people living in the vicinity of a factory using Russian
and Canadian chrysotile asbestos (93).

IPCS conclusions

In addition to lung cancer and mesothelioma, occupational exposure to chrysotile also causes
non-malignant lung diseases that result in deterioration in lung function, in particular a form of
lung fibrosis described by the term asbestosis (2).
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Global burden of disease

No studies are available specifically on the global burden of disease caused by chrysotile.
However, more than 90% of all asbestos used historically and practically all asbestos used today
is chrysotile; thus, the estimates made of the populations exposed to asbestos are largely
directly valid for chrysotile.

Cancer of the lung

Based on the methods of Driscoll et al. (33), the burden of disease estimate for lung cancer was
updated by Priiss-Ustiin and collaborators (94). Using the combined relative risk (SMR 2.0) of
lung cancer in 20 cohort studies published by 1994 (95) and the estimated proportion of the
population actually exposed to asbestos in the different WHO regions, Priiss-Ustiin and
collaborators (94) estimated that in the year 2004, asbestos caused 41 000 lung cancer deaths
and 370 000 disability-adjusted life years (DALYs).

In the year 2004, asbestos caused 41 000 lung cancer deaths

In an effort to estimate the global lung cancer burden from exposure to asbestos, McCormack
and co-workers (96) studied the ratio of excess lung cancer deaths to excess mesothelioma
deaths associated with exposure to different asbestos fibre types. This ratio was 6.1 (95% Cl:
3.6—-10.5) in the 16 available chrysotile-exposed cohorts. The authors were not able to derive an
estimate for the total number of deaths or DALYs for asbestos-induced lung cancer. They
concluded that in exposure to chrysotile, the observation of few mesothelioma deaths cannot
be used to infer “no excess risk” of lung or other cancers.
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Mesothelioma

Driscoll and co-workers (33) estimated the global burden of
mesothelioma deaths and DALYs based on the notion that
mesothelioma is nearly always caused by exposure to asbestos,
using the proportion of workers in different economic sectors
(agriculture, mining, manufacturing, electrical, construction,
trade, transport, finance and services) who are exposed to
asbestos in Europe, the population numbers in these
subsectors, as developed in the CAREX database by the Finnish
Institute of Occupational Health, and an average mesothelioma
risk for different asbestos species from the study of Hodgson & ¥
Darnton (60). The global burden estimates, updated for the year /? '
2004 worldwide, were 59 000 deaths and 773 000 DALYs from
malignant mesothelioma (33, 97).

Asbestosis

Driscoll and co-workers (98) estimated the global burden of asbestosis deaths and DALYs based
on the notion that asbestos is the only cause of asbestosis, using the proportion of workers in
different economic sectors (agriculture, mining, manufacturing, electrical, construction, trade,
transport, finance and services) who are exposed to asbestos in Europe, the population
numbers in these
subsectors, as developed in
the CAREX database by the
Finnish Institute of
Occupational Health, and
published risks of
developing asbestosis at
different levels of exposure
to chrysotile (99). The global
burden estimates for the
year 2000 worldwide were
7000 deaths and 380 000
DALYs from asbestosis.
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Chrysotile substitute fibres®

A WHO Workshop on Mechanisms of Fibre Carcinogenesis and
Assessment of Chrysotile Asbestos Substitutes (100) was convened
at IARC in Lyon, France, in response to a request from the
Intergovernmental Negotiating Committee for the Rotterdam
Convention on the Prior Informed Consent Procedure for Certain
Hazardous Chemicals and Pesticides in International Trade (INC).
The substitutes considered by the WHO workshop included the 12 chrysotile substitutes
identified by the INC for priority assessment by WHO, 2 substances from a second list provided
by the INC to be assessed if resources allow and 1 further substance for which data were
submitted in response to WHO’s public “call for data” for the workshop.

Methodological aspects

The workshop established a framework for hazard assessment based on epidemiological data,
in vivo experimental animal data on carcinogenicity and potential to cause lung fibrosis, and
mechanistic information, genotoxicity data and biopersistence data as determinants of dose at
the target site and possible indicators of carcinogenic potential. Noting that substitutes may be
used in a variety of applications with different exposure potential, either alone or in
combination with other substances, the. workshop did not embark on risk assessment, but
rather limited its work to assessing the hazard.

The workshop concluded that epidemiological studies on fibres have a clear advantage over
toxicological studies, in that they involve studies of humans. They also have the advantage that
they study the effects of exposure in the real world, where the effects of these exposures may
be mitigated or enhanced by other factors. Despite these obvious advantages, the presence or
absence of evidence of risk from epidemiological studies does not always override contrary
findings from toxicological studies. The interpretation of either positive or non-positive
epidemiological findings needs to be carefully considered in light of the strengths and
weaknesses of the study design.

Carcinogenic response in experimental animals (lung cancer, mesothelioma) and fibrosis were
considered to be the key effects; epithelial cell proliferation and inflammation were not
regarded to be equally important indicators of human health hazard. From studies with
asbestos, it is apparent that the sensitivity of the rat to fibre-induced lung tumours in inhalation
studies is clearly lower than that of humans. This holds true when the effect is related to
exposure concentrations and lung burdens. In comparison, testing of fibres by intraperitoneal
injection represents a useful and sensitive assay, which also avoids the confounding effects of
granular dusts.

5This section is largely taken from reference 100
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The global burden estimates for the year 2000 worldwide were 7000 deaths and 380 000 DALYs from

asbestosis

Fibres may act in principle on all steps in tumour development. However, of these interactions,
the in vitro genotoxicity tests are mainly indicative of genotoxic effects involved in the first
steps of tumour initiation. Effects related to biopersistence of fibres (e.g. continuous
“frustrated phagocytosis”) and secondary genotoxicity arising from reactive oxygen and
nitrogen species and mitogen release by macrophages and inflammatory cells are not detected
in routinely used genotoxicity tests. Therefore, negative results indicate a lack of primary
genotoxicity, but do not exclude effects on later steps of carcinogenesis.

The chemical composition of the substitutes is a key
factor influencing their structure and
physicochemical properties, such as surface area,
surface reactivity and solubility. Attention should be
paid not only to the chemical composition of the
fibres, including their major and trace elements, but
also to contaminants or accompanying elements,
including their speciation. Fibre-derived free radical
generation favors DNA damage and mutations.
Surface properties are a determining factor in the
inflammatory response. In relation to fibre
dimension and deposition, one can assume that
there exists a continuous variation in the
carcinogenic potency of respirable fibres, which
increases with length. Biopersistence of a fibre
increases tissue burden and therefore may increase
any toxicity the fibre might possess. For synthetic vitreous fibres, there is evidence in
experimental animals that the potential for carcinogenicity increases with biopersistence. This
has not been demonstrated, however, for other fibres. For all fibres, the fibres must be
respirable to pose an appreciable hazard.

Respirability is mainly determined by diameter and density; thus, with a given fibre diameter, a
higher specific density is associated with lower respirability (note that the specific density of
most organic fibres is lower than the specific density of inorganic fibres).

Hazard assessment

The workshop decided to group substitutes roughly into hazard groupings of high, medium and
low. However, for some substitutes, there was insufficient information to draw any conclusion
on hazard; in these cases, the workshop categorized the hazard as indeterminate (a category
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that is not comparable to the other groupings). The hazard groups high, medium and low
should be considered in relation to each other and do not have reference to formal criteria or
definitions, as such. It is important to note that for each substitute, the fibre dimensions of
commercially available products may vary, and the workshop did not assess this variation. The
substitutes are listed below in alphabetical order.

para-Aramid releases respirable fibres with dimensions similar to those of known carcinogenic
fibres. p-Aramid fibres have induced pulmonary effects in animal inhalation studies.
Biopersistence was noted. The workshop considered the human health hazard to be medium.

Most natural deposits contain attapulgite fibres that are less than 5 um in length; at
workplaces, the mean fibre length was less than 0.4 um. The hazard from exposure to
respirable attapulgite is likely to be high for long fibres and low for short fibres. This
assessment is mainly based on findings in long-term inhalation experiments in animals, in which
tumours were seen with long fibres; no tumours were seen in studies with short fibres.

The nominal diameter of carbon fibres ranges from 5 to 15 um. Workplace exposure in
production and processing is mostly to non-respirable fibres. The workshop considered the
hazard from inhalation exposure to these fibres to be low.

Most cellulose fibres are not respirable; for these, the hazard is low. For respirable fibres, the
available data do not allow the evaluation of the hazard; the hazard is thus indeterminate.

The dimensions of graphite whiskers indicate high respirability, and they have a long half-time
in the lungs. However, in the absence of any further useful information, the hazard from
inhalation exposure was considered to be indeterminate.

Magnesium sulfate whiskers did not induce tumours in limited inhalation and intratracheal
administration studies, were negative in limited short-term tests and are very quickly
eliminated from the lung. It was discussed whether the hazard grouping should be low or
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indeterminate. On the basis of the data available, in the time available, consensus was not
reached.

The fibres must be respirable to pose an appreciable hazard

For respirable polyethylene, polyvinyl chloride and polyvinyl alcohol fibres, the data were insufficient
for hazard classification, and the working group thus considered the hazard indeterminate.

In facilities producing polypropylene fibres, exposure to respirable fibres occurs. After intratracheal
administration, respirable polypropylene fibres were highly bio persistent; however, no fibrosis was
reported in a sub chronic animal study. However, the data are sparse, and the human health hazard
potential was considered to be indeterminate.

The workshop considered that respirable potassium octatitanate fibres are likely to pose a high hazard
to humans after inhalation exposure. At workplaces, there is exposure to respirable fibres. There was a
high and partly dose-dependent incidence of mesothelioma after intraperitoneal injection in two species
(high incidence indicating high potency). There is evidence of genotoxicity. Biopersistence was noted.

Wool-like synthetic vitreous fibres (including glass wool/fibrous glass, mineral wool, special-purpose
vitreous silicates and refractory ceramic fibre) contain respirable fibres. For these fibres, the major
determinants of hazard are biopersistence, fibre dimensions and physicochemical properties. It was
noted that the available epidemiological data are not informative, due to mixed (vitreous fibre)
exposures or other design limitations. Based on inhalation exposure studies, intraperitoneal injection
studies and biopersistence studies, it was concluded that the carcinogenic hazard could vary from high
to low, with high for the bio persistent fibres and low for the nonbiopersistent fibres.
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Natural wollastonite contains respirable fibres. In occupational settings, exposure is mainly to short
fibres. In chronic studies, wollastonite did not induce tumours after intraperitoneal injection in animals;
however, samples of wollastonite were active in different studies for genotoxicity. After considering this
apparent discrepancy, it was concluded that the hazard was likely to be low.

In a limited study with intraperitoneal implantation, xonotlite did not induce tumours. After
intratracheal injection in a chronic study, no inflammatory or fibrotic reaction of the lung was observed.
The chemical composition of xonotlite is similar to that of wollastonite, but it is more rapidly eliminated
from the lung. The workshop considered the human health hazard to be low.
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Table 1. Key findings of the cohort studies on the adverse health effects of chrysotile asbestos
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Mesothelioma

Pneumoconios

Deaths Lung cancer deaths is/
Industry and location Exposure to chrysotile Exposure to other fibres from all deaths SMR SMR (95% asbestosis References
causes (95% CI) CI) deaths
Chrysofile Average 600 fibre- < 1% tremolite 8 009 657 38 108/ND 3, 60
mining/milling in years/mL 1.37 (1.27-
Quebec, Canada 1.48)
Friction products Average 46 fibre-years/mL Some anthophyllite in 803 73 0 12/0 52,60
factory in use during the last 20 1.49 (1.17-
Connecticut, USA years of follow-up 1.87)
Asbestos textile ND “Mainly chrysotile” @ 123 9 ND ND/21 53
mill in Italy, 6.82 (3.12—
women with 12.95)
compensated
asbestosis
Asbestos textile mills 99% < 200 fibre-years/mlL, 0.04% amphiboles 1 961 198 3 85/36 6, 55
in South Caroling, average 26-28 fibre- 1.95 (1.68—
USA years/mL 2.24)
Asbestos textile mills Average (range) 17.1 0.04% amphiboles 2 583 277 4o 73/36 7,55, 60
in North Carolina, (<0.1-2 943.4) fibre- 1.96 (1.73—
USA years/mL 2.20)
Chrysotile mine in < 100 - =400 fibre- No amphiboles, 0.2— 590 45 4 ND/21 5
Balangero, Italy years/mL 0.5% balangeroite 1.27 (0.93—- 4.67 (1.27-
1.70) 11.96)
Chrysotile mine in Average in 2006, < 0.001% amphiboles 428 56 Oc ND 11
Quinghai, China 2.9-63.8 fibres/mL 4.71 (3.57-
6.21)

Eight chrysofile textile ND ND4 496 65 2 ND/29¢ 8
factories in China 5.3 (2.5-7.1)
Asbestos manufacturing Median1,8and?23 <0.001% amphiboles 259 53 2 ND/39 15
factory in China fibres/mL in different 4.08 (3.12—

departments 5.33)
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Asbestos — a group of minerals that includes chrysotile, crocidolite, amosite, anthophyllite, tremolite
and actinolite — is one of the most important occupational carcinogens. At least 107 000 people die each
year from asbestos-related diseases, including lung cancer. Even though the use of asbestos has
declined in many countries, chrysotile is still widely used, particularly in developing countries.

This publication on chrysotile asbestos is divided into three parts. The first part reproduces a WHO short
information document for decision-makers on the elimination of asbestos-related diseases. The second
part addresses questions commonly raised in policy discussions, specifically to assist decision-makers.
The third part is a technical summary of the health effects of chrysotile, which brings together and
summarizes for the first time the most recent authoritative WHO evaluations performed by its
International Agency for Research on Cancer and its International Programme on Chemical Safety. The
technical summary also reviews results from key studies published after those evaluations and the
conclusions drawn from WHO assessments of alternatives.

The publication will be of interest to all government officials who need to make informed decisions
about management of the health risks associated with exposure to chrysotile asbestos.
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