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Introduction
1.
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 (Annex 1). 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 one further substance for which data was
submitted in response to WHO's public "call for data" for the workshop.
2.
The workshop opened on 8 November with a one-day session devoted to
taking statements from observers mainly representing various commercial interests,
along with some government observers and the Rotterdam Convention Secretariat. In
addition a statement submitted by a labour organization was read by the workshop
Secretariat. Observers were invited to submit any comments on the pre-workshop
working drafts in writing. Invited specialists and observers did not participate the
evaluations of the substitutes (Part 2 of the following report), or the final agreement of
Part 1. A list of participants appears at Annex 2.
Part 1: Methodological Aspects
3.
The workshop considered the mode(s) of action of fibre carcinogenesis and the
developments in the field after the IARC 1996 report, but did not produce a formal
assessment of the state of the art. 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 conclusions on each of
these factors appear in the following paragraphs.
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4.
In light of the workshop scope to assess fibrous forms of the substitutes, the
workshop confined its considerations to effects related to cancer, focusing on lung
cancer, mesothelioma and lung fibrosis. Further, 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.
5.
Epidemiologic 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 epidemiologic studies does not always
override contrary findings from toxicological studies. The interpretation of either
positive or non-positive epidemiologic findings needs to be carefully considered in
light of the strengths and weaknesses of the study design.
6.
In in vivo animal studies, carcinogenic response (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
inhalation studies to fibre induced lung tumours is clearly lower than that of humans.
This holds true when the effect is related to exposure concentrations and lung burdens.
The workshop discussed the hypothesis that differences in sensitivity could be due to
greater lung mass and/or longer life span in humans, however the question remains
open as to whether this sensitivity difference remains if individual or rat or human
lung cells are taken as a basis for comparison. In comparison, testing of fibres by
intraperitoneal injection represents a useful and sensitive assay, which also avoids
confounding effects of granular dusts.
7.
Genotoxic potential in experimental systems can be assessed via cell-free in
vitro assays, in vitro tests with cultured cells, and via in vivo studies, usually in mice
or rats. 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 (such as continuous "frustrated phagocytosis") and secondary
genotoxicity arising from reactive oxygen species and reactive 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. A completely
inert fibre that could be used as a negative control in the above-mentioned assays has
not been identified.
8.
The chemical composition of the substitutes is a key factor influencing
structure and physico-chemical properties, such as surface area, surface reactivity,
solubility, etc. Attention should be paid not only to the chemical composition of the
fibres, their major and trace elements, but also to contaminants or accompanying
elements, including their speciation. Fibre-derived free radical generation favours
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 on the carcinogenic potency of respirable fibre,
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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 animals that the potential for carcinogenicity increases with
biopersistence. This has not been demonstrated however for other fibres.
9.
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 the
specific density of most organic fibres is lower that the specific density of inorganic
fibres.

Part 2: Hazard Assessment
10.
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 (a category which is not comparable to the
other groupings). 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. For details of each substance, the reader is referred to the full workshop report
(to be published subsequently). 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.
11.
para-Aramid releases respirable fibres with dimensions similar to 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.
12.
Most natural deposits contain attapulgite fibres which are < 5 µm in length
and at workplaces the mean fibre length was less than 0.4 µm. The hazard from
exposure to respirable attapulgite is likely to be high for long fibres, 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.
13.
The nominal diameter of carbon fibres ranges from 5 to 15 µm. Workplace
exposure in production and processing is mostly to non-respirable fibres. The
workshop considered that the hazard from inhalation exposure to these fibres to be
low.
14.
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.
15.
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.
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16.
Magnesium sulphate 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 indeterminate, and on the basis of the data available, in
the time available, consensus was not reached.
17.
For respirable polyethylene, polyvinyl chloride, and polyvinyl alcohol fibres,
the data was insufficient for hazard classification, and the working group thus
considered the hazard indeterminate.
18.
In facilities producing polypropylene fibres, exposure to respirable fibres
occurs. After intratracheal administration, respirable polypropylene fibres were
highly biopersistent, 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.
19.
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.
20.
Wool-like synthetic vitreous fibres (including glass wool/fibrous glass,
mineral wool, special purpose vitreous silicates, and refractory ceramic fibres) contain
respirable fibres. For these fibres, the major determinants of hazard are biopersistence,
fibre dimensions and chemical/physical properties. It was noted that the available
epidemiologic 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 biopersistent fibres and low for
non-biopersistent fibres..
21.
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.
22.
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 wollastonite, but it is more rapidly eliminated from the lung. The workshop
considered the human health hazard to be low.

Further Information
The full report of this workshop will be published after scientific and language editing.

Page 4 of 4
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Chemicalsand Pesticidesin International Trade

UNEP

Plant Protection Service
Plant Production and Protection Division
Food and Agriculture Organization of the United
Nations (FAO)

Chemicals
United NationsEnvironmentProgramme
(UNEP)

Viale delle Temle di Carncalla
00100 Rome, Italy

11-13, Chemin des Anemones
CH -1219 ChAtelaine,Geneva, Switzerland
Tel: (+4122)917 8183
Fax: (+4122) 7973460

Tel: (+3906) 5705 3441
Fax: (+3906) 5705 6347
E-mail: pic@fao.org

E-mail: piC@unep.ch

Geneva,25 March 2004
Subject: Chrysotile asbestos-assessmentof alternatives.

DearDr Meredith
I refer to the request of the IntergovernmentalNegotiation Committee at its tenth
sessionto the World Health Organisationto conductan assessmentof alternativesto chrysotile
asbestos. At this meeting, the WHO agreed that such an assessmentwould be able to be
conducted,however requestedthat the fifth sessionof the Interim Chemical Review Committee
for the Rotterdam Convention would consider the alternatives proposed by governments and
develop a priority risk.. The Interim Chemicals Review Committee consideredthe alternatives
proposedby governments,and developeda priority list for considerationby the WHO. They also
developeda list of additional alternativeswhich were prioritised.
Thesealternativesare identified in the attacheddocument,which is an extract from the
report of the Interim Chemical Review Committee. I therefore invite the WHO to proceed with
the agreedassessmentof the proposedalternativesto chrysotile asbestos.If possible, it would be
appreciated if an update on the progress of the assessmentcould be provided to the
IntergovernmentalNegotiating Committee at its eleventhsession.
Pleasedo not hesitateto contact us should you have any questions in regard to this

letter.
Yourssincerely,

Address Dr T. Meredith
Coordinator
IPCS / World Health Organization
CH-1211 Geneva27 -Switzerland
cc Ms Carolyn Vickers
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Annex I

Report of the contactgroup on chrysotile
1. The contact group consideredthe list of substitutesfor chrysotile asbestosproposedby
Governmentsfor assessmentby the World Health Organization(WHO). WHO indicated that it
welcomedthe guidanceprovided by the group on important alternativesused by Governments.
2. The list was prioritized initially on the basisof the number of Governmentswhich had
nominatedthe substances.Information on which substanceshad previously beenassessedin
environmentalhealth criteria reports by IPCS was also considered. Where possible,the group's
knowledge of important useswas also considered.
3. The first group of substancesare listed on a priority basis, in the order in which the contact
group would like them to be consideredby WHO. The secondgroup of substances,which were
proposedby only one country, had undergoneno previous assessmentby WHO and could be
consideredif resourcesallowed.
Group 1: Substancesidentified and prioritized for assessmentby WHO

Group 2: Substancesidentified as alternatives to chrysotile, to be assessedif resources allow
Aluminium silicates,basic magnesiumsulphatewhisker, erionite, ductile iron, mica, phosphate,
polyacryl nitryl, polytetrafluoroethylene,potassiumtitanate whisker, semi-metallics, silicon
carbidewhisker, steelfibres
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