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No./Title

Asbestos Substitute

Author/Contributor

Occupational Safety and Health Research Institute, Korea Occupational Safety
and Health Agency (KOSHA), Korea

Bibliographic ID

Introduction
Asian context

Critical appraisal

Unique keywords
Abstract

Full text
1-E.pdf

It is true that substitute products, particularly fibres, are often more expensive
than asbestos. However, this additional cost must be considered in the light
of the enormous cost of asbestos-related diseases to society. The
carcinogenicity of certain substitute fibres remains under close surveillance
and the development of substitute products continues. Doubts remain as
regards the health effects of certain fibres which up to now have not been
fully examined, because seldom used (from ISSA technical report).
Considerable effort has been devoted to finding alternative fibers or minerals
to replace asbestos fibers in their applications. Such efforts have been
motivated by various reasons, typically, availability and cost, and more
recently, health and liability concerns. The substitution of asbestos fibers by
other types of fibers or minerals must, in principle, comply with three types of
criteria: the technical feasibility of the substitution; the gain in the safety of the
asbestos-free product relative to the asbestos-containing product; and the
availability of the substitute and its comparative cost (from USGS Asbestos
2002).
Safer substitutes for asbestos products of all kinds are increasingly available.
These include fiber-cement products using combinations of local vegetable
fibers and synthetic fibers, as well as other products that serve the same
purposes. The WHO is actively involved in evaluating alternatives (from WBG
good practice note).

273

Factsheet on Asbestos and Asbestos-Related Diseases

Annotation
Fact 1

Annotation is not provided for this factsheet.

Fact 2

Fact 3

Fact 4

Fact 5

References

274

Factsheet on Asbestos and Asbestos-Related Diseases

Chapter
Section

1. Asbestos Exposure Assessment, Risk Identification, and Substitutes
E. Asbestos Substitute

No./Title

1. Asbestos: protecting the future and coping with
the past

Author/Contributor

Leprince A. et al (National Research and Safety Institute, Responsible for International
Cooperation, France)

Bibliographic ID

International Social Security Association (ISSA); 2007. Technical Report No. 08

Introduction
Asian context

Critical appraisal

The report provides information about asbestos substitutes and encourages Asian
countries to take into account a ban of asbestos.

The main alternatives to the traditional uses of asbestos are summarized in the report.
Especially the report includes information about substitute methods and materials by
asbestos category and types of use.

Unique keywords
Abstract

Full text
1-E-1.pdf

Background: All types of asbestos cause cancer in humans. It is thus
estimated that hundreds of thousands of people around the world fall ill each
year as a result of asbestos exposure in the workplace. This article laid
emphasis on a ban of asbestos and following measures such as asbestos
removal and substitution.
Objective: A ban of asbestos is inevitable. Additional cost for asbestos
substitution must be considered in the light of the enormous cost of asbestosrelated diseases to society. The authors looked into the practical implication
of the different stages that will follow an asbestos ban, namely a) the removal
of asbestos-containing material and b) the availability of alternative, substitute
products.
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http://www.issa.int/Resources/Technical-Reports/Asbestos
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No./Title

2. US Geological Survey: asbestos (geology,
mineralogy, mining, and uses)

Author/Contributor

Virta RL

Bibliographic ID

US Department of the Interior: Open-File 02-149; 2002. p. 13-23

Introduction
Asian context

Critical appraisal

The survey results provide important information for Asian countries preparing a ban of
asbestos. Especially the survey results include basic principle of substitution and
estimated cost of substitution materials.

This paper provides some information about basic principle of substitution and
estimated cost of substitution materials. Asbestos consumption can be expected to
decline as substitutes and alternative products gain favor in the remaining world
markets.

Unique keywords
Abstract

Full text

Background: This paper is the results of the US geological survey in 2002
about geology, mineralogy, mining, and uses of asbestos. The paper includes
some information about alternative industrial fibers and materials, and costs
of asbestos substitutes.
Objective: This paper introduced criteria and strategies for asbestos
substitution, examples of asbestos substitution, and estimated cost range of
asbestos fibers and several types of substitution materials.

1-E-2.pdf
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http://pubs.usgs.gov/of/2002/of02-149/
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No./Title

3. Good practice note: asbestos: occupational and
community health issues

Author/Contributor

World Bank Group

Bibliographic ID

Washington, D.C: The Group; 2009 May

Introduction
Asian context

Critical appraisal

The good practice note presents an overview of some of the available product
alternatives on the market. Information about asbestos substitution is very useful to
Asian countries taking into account a ban of asbestos and substitution of asbestoscontaining materials.
The good practice note deals with growing marketplace, substitutes for asbestos products and
cost-performance issues. Safer substitutes for asbestos products of all kinds are increasingly
available. These include fiber-cement products using combinations of local vegetable fibers and
synthetic fibers, as well as other products that serve the same purposes.

Unique keywords
Abstract

Background: Good practice is to minimize the health risks associated with
asbestos-containing materials (ACMs) by avoiding their use in new
construction and renovation, and, if installed ACMs are encountered, by using
internationally recognized standards and best practices to mitigate their
impact. In all cases, the Bank expects borrowers and other clients of World
Bank funding to use alternative materials wherever feasible.

Full text

Objective: The purpose of this good practice note is to increase the
awareness of the health risks related to occupational asbestos exposure,
provide a list of resources on international good practices available to
minimize these risks, and present an overview of some of the available
product alternatives on the market.

1-E-3.pdf
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http://siteresources.worldbank.org/EXTPOPS/Resources/AsbestosGuidanceNoteFinal.
pdf
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No./Title

4. Testing of fibrous particles: short-term assays

Author/Contributor

International Life Sciences Institute (ILSI) risk science institute working group

Bibliographic ID

Inhal Toxicol 2005; 17: 497-537

Introduction
Asian context

Critical appraisal

This article will help Asian counties to understand and select asbestos substitutes. It will
be also used as reference to conduct research on health hazard of fibers.

This article includes very useful information, such as classification and health effects of
asbestos substitutes, as well as review results of short-term assay systems for
assessing fiber toxicity and carcinogenic potential.

Unique keywords
Abstract

Full text
1-E-4.pdf

Background: In contrast to asbestos or synthetic vitreous fibers, other types
of fibers have not been systematically assessed for carcinogenicity using
lifetime rodent inhalation assays because these are technically demanding,
expensive, and require large numbers of animals. ILSI risk science institute
(RSI) convened an expert working group to review and evaluate the available
short-term assay systems for assessing fiber toxicity and carcinogenic
potential.
Objective: The objectives of the working group were 1) to summarize the
current state of the science on short-term assay systems for assessing
potential fiber toxicity and carcinogenicity, 2) to offer insights and
perspectives on the strengths and limitations of the various methods and
approaches, and 3) to consider how the available methods might be
combined in a testing strategy to assess the likelihood that particular fibers
may present a hazard and therefore may be candidates for further testing.
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No./Title

5. The development of a substitute for asbestos
gasket material

Author/Contributor

National Institute of Advanced Industrial Science and Technology (AIST)

Bibliographic ID

Sealing Technology 2007; 6:9-10

Introduction
Asian context

Critical appraisal

In many industrial chemical fields, gaskets are used to prevent liquids and gases from
leaking from the pipe connections in the production processes at high temperatures.
The article introduces a good example of substitute for asbestos-containing gasket.
Efforts for development of asbestos substitutes will encourage Asian countries to take
into account a ban of asbestos.
Performance tests of the gasket were carried out to evaluate ease in handling, powder-off
properties, and adhesion to flanges. The test proved that this gasket material maintains good seal
performance even after exposure to temperatures up to 420°C. But a verification test is currently
being conducted in the high temperature piping division of actual petrochemical plants.

Unique keywords
Abstract

Background: In the field of gaskets and packing, asbestos production is
scheduled to be banned completely in Japan by 2008. The Research Center
for Compact Chemical Process of the National Institute of Advanced
Industrial Science and Technology (AIST) and Japan Matex Co. Ltd. have
combined a heat-resistant clay membrane and exfoliated graphite, a
conventional material, to develop a non-asbestos gasket.

Full text

Objective: This article describes the development of a non-asbestos gasket
that is easy to handle and extensively applicable. It is composed of exfoliated
graphite and a clay membrane that make it suitable for applications across a
wide temperature range in a variety of chemical processing and power plants.

1-E-5.pdf
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http://www.aist.go.jp/aist_e/latest_research/2007/20070206/20070206.html
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1. Asbestos Exposure Assessment, Risk Identification, and Substitutes
E. Asbestos Substitute

6~12. United State patents related to technology
and development of asbestos-free materials

Author/Contributor
Bibliographic ID

Introduction
Asian context

Critical appraisal

The patents provide good examples for asbestos substitutes including technologies
applied and development method. These efforts for development of asbestos
substitutes will encourage Asian countries to take into account a ban of asbestos.

Development of available asbestos substitutes will facilitate efforts of international
society to eliminate asbestos-related disease.

Unique keywords
Abstract

Background: Recently the demand for asbestos free materials has increased.
Asbestos-containing materials such as gaskets, brake linings, pneumatic
tires, conveyor belts, timing belts, power transmission coupling, shock
absorbers, sealants, and paints are well known and have achieved significant
commercial success. However, health hazard problems of asbestos fibers
have made related industries search for replacement composition.

Full text

Objective: The patents describe several asbestos substitutes such as
manufacture of asbestos-free friction facing material (Patent No. 4631209),
method for manufacturing a reinforcing element for asbestos free friction
material (Patent No. 4924566, Date of Patent: May 15, 1990), fiber blend for
low cost, asbestos free friction material (Patent No. 5508109), asbestos-free
gaskets and the like containing blends of organic fibrous and particulate
components (Patent No. 5472995), soft asbestos-free sealing material
(Patent No. 5437920), asbestos-free roof coatings (Patent No. 5693133) and
polymer based backing plates for railway brake shoes and disc pads (Patent
No. 6474452).

1-E-6~12.pdf
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No./Title

13. Report of the World Health Organization
workshop on mechanisms of fibre carcinogenesis
and assessment of chrysotile asbestos substitutes

Author/Contributor

United Nations (UN)

Bibliographic ID

UN UNEP/FAO/RC/COP.4/INF/16; 2008 Oct 9 (8–12 November 2005, Lyon, France)

Introduction
Asian context

Critical appraisal

The survey results provide important information for Asian countries preparing a ban of
asbestos. Especially the results of hazard assessment for the 15 substitutes will provide
Asian countries with guidance for selecting asbestos substitutes.

The WHO is actively involved in evaluating alternatives. The report is providing useful information about evaluation principles
and examples for asbestos substitutes. The workshop developed general principles for the evaluation of chrysotile asbestos
substitutes. 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 and in this case the workshop
categorized the hazard as indeterminate. The hazard groups high, medium and low should be considered in relation to each
other, and did not have reference to formal criteria or definitions, as such.

Unique keywords
Abstract

Background: The WHO workshop on mechanisms of fibre carcinogenesis
and assessment of chrysotile asbestos substitutes was convened at IARC in
Lyon, in response to a request from the Intergovernmental Negotiating
Committee (INC) for the Rotterdam Convention on the prior informed consent
procedure for certain hazardous chemicals and pesticides in international
trade.

Full text

Objective: The workshop established a framework for hazard assessment
based on: epidemiologic data (whether data are sufficient to determine
carcinogenicity); in vivo animal data (whether there is a indication of
carcinogenicity or lung fibrosis); mechanistic information (whether critical
indictors of carcinogenicity exist, e.g. positive results for genotoxicity in in
vitro tests); and physico-chemical and biopersistence data as determinants of
dose at the target site and possible indicators of carcinogenic potential. The
workshop conducted the hazard assessment of the 15 chrysotile substitutes
focusing on lung cancer, mesothelioma and lung fibrosis.

No available PDF
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No./Title

14. IARC Monographs on the evaluation of carcinogenic risk to
humans: silica, some silicates, coal dust and para-aramid fibrils
15. IARC Monographs on the evaluation of carcinogenic risk to
humans: man-made vitreous fibres

Author/Contributor

International Agency for Research on Cancer (IARC)

Bibliographic ID

14. vol. 68. Lyon: The Agency; 1997
15. vol. 81. Lyon: The Agency; 2002

Introduction
Asian context

Critical appraisal

The Monographs provide useful information about various types of asbestos substitutes, such as attapulgite,
sepiolite, wollastonite, zeolites, para-Aramid and man-made vitreous fibres. The information includes
“chemical and physical properties”, “production and use”, “occurrence and exposure”, “regulation and
guidelines”, “studies of cancer in humans”, “studies of cancer in experimental animals”, “other data relevant to
an evaluation of carcinogenicity and its mechanisms” with reference information.

The IARC Monographs will be a basic reference on research or project concerning
asbestos substitutes.

Unique keywords
Abstract

Full text
1-E-15.pdf

Background: ln 1969, the International Agency for Research on Cancer
(IARC) initiated a programme to evaluate the carcinogenic risk of chemicals
to humans and to produce monographs on individual chemicals. The
Monographs programme has since been expanded to include consideration
of exposures to complex mixtures of chemicals and of exposures to asbestos
substitutes, such as some silicates, para-aramid fibrils and man-made
vitreous fibres.
Objective: The objective of the programme is to elaborate and publish in the
form of monographs critical reviews of data on carcinogenicity for agents to
which humans are known to be exposed and on specific exposure situations;
to evaluate these data in terms of human risk with the help of international
working groups of experts in chemical carcinogenesis and related fields; and
to indicate where additional research efforts are needed.
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No./Title

16. Comparative hazards of chrysotile asbestos
and its substitutes: a European perspective

Author/Contributor

Harrison PTC, Levy LS, Patrick G, Pigott GH, Smith LL

Bibliographic ID

Environ Health Perspect 1999 Aug; 107 (8):607-11

Introduction
Asian context

Critical appraisal

These efforts for development of asbestos substitutes will encourage Asian countries to
take into account a ban of asbestos. Especially this article explains basic principles to
select asbestos substitutes. Diameter is a key determinant of the intrinsic hazard of a
fiber, the propensity of a material to release fibers into the air is also important.
The authors conclude that chrysotile asbestos is intrinsically more hazardous than p-aramid, PVA,
or cellulose fibers and that its continued use in asbestos-cement products and friction materials is
not justifiable in the face of available technically adequate substitutes. This paper focuses only on
health impacts and does not attempt a cost-benefit analysis.

Unique keywords
Abstract

Full text
1-E-16.pdf

Background: Chrysotile asbestos remains in use in a number of widely used
products, notably asbestos cement and friction linings in vehicle brakes and
clutches. A ban on chrysotile throughout the European Union for these
remaining applications is currently under consideration, but this requires
confidence in the safety of substitute materials.
Objective: This paper evaluated comparative hazards of chrysotile asbestos
and its substitutes. The paper specifically addresses p-aramid, polyvinyl
alcohol (PVA), and cellulose, which are currently being exploited in the United
Kingdom as substitutes for remaining uses of chrysotile asbestos. The paper
does not cover substitute materials already widely used for thermal and
sound insulation, such as glass and other man-made mineral fibers.
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1. Asbestos Exposure Assessment, Risk Identification, and Substitutes
E. Asbestos Substitute

No./Title

17. Report on the expert panel on health effects of
asbestos and synthetic vitreous fibers: the
influence of fiber length

Author/Contributor

Agency for Toxic Substances and Disease Registry (ATSDR)

Bibliographic ID

Atlanta GA: The Agency; 2003 Mar 17

Introduction
Asian context

Critical appraisal

Smaller fibers and non-fibrous particles may be generated as fibrous materials such as
SVFs are processed, disposed of, or damaged. Therefore, this report will provide Asian
countries with important information for health protection of workers exposed to SVFs.

The report includes reviews for various articles about physiological deposition pattern,
clearance/biopersistence and health effects of synthetic vitreous fibers (SVFs).

Unique keywords
Abstract

Background: The Agency for Toxic Substances and Disease Registry
(ATSDR) hold a panel discussion to review and discuss health effects
associated with asbestos and synthetic (man-made) vitreous fibers (SVFs),
especially those of less than 5 microns in length. ATSDR has invited a crosssection of scientific experts in the fields of toxicology, epidemiology,
pulmonology/pathology, and medicine.

Full text

Objective: Significant toxicology and occupational health research has
focused on asbestos fibers and SVF greater than five microns in length,
however, it seems that much less is known about the potential health effects
of smaller fibers. ATSDR has identified a need to understand the potential for
fibers less than 5 microns in length to contribute to adverse health effects.

1-E-17.pdf
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No./Title

18. NIOSH Respiratory Disease Research Program;
evidence package for the national academies'
review 2006–2007: fiber-induced disease

Author/Contributor

National Institute for Occupational Safety and Health (NIOSH)

Bibliographic ID

cited 2011 Mar 3

Introduction
Asian context

Critical appraisal

Information about health hazards of flock and refractory ceramic fibers, and
determinants of fiber toxicity will be helpful to select asbestos substitutes or conduct
related research.

This evidence package includes very useful information. Fiber-induced diseases are
presented with detailed cases and many valuable references.

Unique keywords
Abstract

Full text
1-E-18.pdf

Background: The Respiratory Diseases Research Program (RDRP) is the
broad range of individuals and groups supported by NIOSH to do work that is
relevant to occupational respiratory disease. The National Academies was
asked to evaluate what NIOSH research programs are producing and to
determine the extent to which NIOSH research is responsible for changes in
the workplace that reduce the risk of occupational injuries, illnesses, and
deaths.
Objective: The evidence package introduces approach, outputs,
intermediated outcomes, and progress towards end outcomes of RDRP
about some issues concerning fiber-induced diseases (1. occupational
hazard associated with asbestiform fibers contaminating vermiculite from a
mine in Montana, 2. identification and control of a newly recognized
occupational lung disease affecting flock workers, 3. occupational exposure
to refractory ceramic fibers, and 4. determinants of fiber toxicity).
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1. Asbestos Exposure Assessment, Risk Identification, and Substitutes
E. Asbestos Substitute

19. Documentations of the threshold limit values
(TLVs) for chemical substances and physical agents
and biological exposure indices (BEIs): synthetic
vitreous fibers

Author/Contributor
Bibliographic ID

American Conference of Governmental Industrial Hygienists (ACGIH),7th ed. Cincinnati: the
Conference; 2010

Introduction
Asian context

Critical appraisal

This article provides important information for health protection of workers using
synthetic vitreous fibers.

A hundred of references were reviewed to establish TLVs for synthetic vitreous fibers.
This is very informative documentation about characteristics and health effects for
synthetic vitreous fibers with plenty of references.

Unique keywords
Abstract

Full text
No available PDF

Background: The documentations of the Threshold Limit Values (TLVs) and
Biological Exposure Indices (BEIs) presents the basic rationale for the
establishment of occupational exposure values for cited chemical substances
and physical agents and data on BEIs, all of which are summarized in the
TLV and BEIs Book.
Objective: The documentations for synthetic vitreous fibers provides
comprehensive information about chemical and physical properties,
classification and types, composition, characteristics, nominal diameters,
sources of occupational exposure, health effects (animal studies, human
studies, cell culture studies, and epidemiological studies), and carcinogenicity
for each synthetic vitreous fibers, as well as TLV recommendations.
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1. Asbestos Exposure Assessment, Risk Identification, and Substitutes
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No./Title

20. Effects of fiber characteristics on lung
deposition, retention, and disease

Author/Contributor

Lippmann M

Bibliographic ID

Environ Health Perspect 1990 Aug; 88: 311-7

Introduction
Asian context

Critical appraisal

This article will provide information on characteristics of fiber in selecting asbestos
substitutes. It will be also used as reference to conduct research on health hazard of
fibers or select asbestos substitutes.

This article explains effects of fiber characteristics in the aspect of size of fiber,
penetration into lung, durability.

Unique keywords
Abstract

Background: The author’s earlier review demonstrated the critical role of fiber
dimensions on the pathogenesis of the chronic diseases associated with
inhalation exposures to asbestos and other natural mineral fibers. This paper
has examined the underlying roles that the physicochemical properties of
mineral fibers play in modifying the pathogenic responses associated with
inhaled fibers.

Full text

Objective: This article reviewed effects of fiber characteristics on lung
deposition, retention, dissolution, translocation. The reasons for the lesser
durability of MMMF were summarized in this review, along with the principal
factors affecting fiber deposition patterns and efficiencies, i.e., the
aerodynamic properties of the fibers and the nature of convective flow within
lung airways.

1-E-20.pdf
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No./Title

21. Safety in the use of synthetic vitreous fibre
insulation wools (glass wool, rock wool, slag wool)

Author/Contributor

International Labour Office (ILO)

Bibliographic ID

ISBN 92-2-111629-8. ILO, Geneva, 2001

Introduction
Asian context

Critical appraisal

The code of practice includes comprehensive information about health protection for
workers using insulation wools.

Although the code was written for insulation wools (glass wool, rock wool and slag wool), many of its
provisions could be applied to other synthetic vitreous fibre materials. The code sets out the general duties for
manufacturers, suppliers, specifiers, employers, workers and competent authorities, all of whom have an
important role to play in maintaining the safety of the entire process, from production to waste management
and disposal.

Unique keywords
Abstract

Full text

Background: The use of synthetic fibre insulation wools in construction has
become increasingly widespread. This ILO code of practice is intended to be
applied worldwide, and particularly in countries that do not have, or are in the
process of developing, safe work practices in the use of insulation wools. The
code takes an integrated approach since insulation wools do not appear in
their pure forms but rather as products with mixed components. It addresses
all the hazards arising from the product (insulation fibres, binders and other
materials), with regard to real-life situations, and contains useful appendices
on classification systems, exposure data and risk assessment.

1-E-21.pdf
Objective: This code of practice addresses occupational hazards due to
insulation wools. Its purpose is to protect workers’ health by ensuring safety
in the use of insulation wools. The provisions of this code are aimed at: (i)
minimizing exposure to fibres and dust from insulation wools at work; (ii)
preventing the mechanical irritation and discomfort known to be associated
with these materials, and averting the potential for long-term health effects;
and (iii) providing practical control measures for minimizing occupational
exposure to fibres and dust from insulation wools during manufacture,
transport and storage, use, maintenance, removal, recycling and disposal of
insulation wools.
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No./Title

22. NIOSH Mineral Fibers Work Group: asbestos
and other mineral fibers: a roadmap for scientific
research

Author/Contributor

National Institute for Occupational Safety and Health (NIOSH)

Bibliographic ID

Atlanta: the Institute; 2007 Feb

Introduction
Asian context

Critical appraisal

The roadmap will provide guidance for hazard evaluations of asbestos substitutes.

Despite draft stage, the roadmap includes a comprehensive approach to evaluate
asbestos and mineral fibers such as sampling and analytical methods, development on
information on occupational exposures to fibers, and toxicity for fibers and fiber-like
cleavage fragments.

Unique keywords
Abstract

Full text
1-E-22.pdf

Background: For over a decade, the NIOSH Recommended Exposure Limit
(REL) has defined airborne asbestos fibers as those particles that, when
examined using phase contrast microscopy, have: (1) an aspect ratio of 3:1
or greater and a length greater than 5 μm; and (2) the mineralogic
characteristics of the asbestos minerals or their nonasbestiform analogs.
Several issues have been raised about the minerals covered by this
definition. The first issue is whether other fibrous minerals, amphiboles and
zeolites, should also be included; the second is whether the inclusion of fiberlike cleavage fragments of nonasbestiform amphiboles is appropriate; and the
third issue is whether the specified dimensional criteria for fibers are
appropriate.
Objective: To reduce the uncertainty and controversy concerning exposure
assessment and health effects of asbestos and other mineral fibers, strategic
research endeavors are needed in toxicology, epidemiology, exposure
assessment, and analytical methods. To bridge the uncertainty gaps, this
Roadmap proposes to address the following three strategic goals: (1) to
develop improved sampling and analytical methods for fibers; (2) to develop
information on occupational exposures to fibers and health outcomes; and (3)
to develop a broader understanding of the important determinants of toxicity
for fibers and fiber-like cleavage fragments.
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