ASBESTOS (CHRYSOTILE, AMOSITE,
CROCIDOLITE, TREMOLITE, ACTINOLITE,
AND ANTHOPHYLLITE)

Asbestos was considered by previous IARC Working Groups in 1972, 1976, and 1987 (IARC,
1973, 1977, 1987a). Since that time, new data have become available, these have been incor-
porated in the Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Identification of the agent

Asbestos is the generic commercial designa-
tion for a group of naturally occurring mineral
silicate fibres of the serpentine and amphibole
series. These include the serpentine mineral
chrysotile (also known as ‘white asbestos’), and
the five amphibole minerals - actinolite, amosite
(also known as ‘brown asbestos’), anthophyl-
lite, crocidolite (also known as ‘blue asbestos’),
and tremolite (IARC, 1973; USGS, 2001). The
conclusions reached in this Monograph about
asbestos and its carcinogenic risks apply to these
six types of fibres wherever they are found, and
that includes talc containing asbestiform fibres.
Erionite (fibrous aluminosilicate) is evaluated in
a separate Monograph in this volume.

Common names, Chemical Abstracts Service
(CAS) Registry numbers and idealized chemical
formulae for the six fibrous silicates designated
as ‘asbestos’ are presented in Table 1.1. Specific

chemical and physical properties are also
presented.

1.2 Chemical and physical properties
of the agent

The silicate tetrahedron (SiO,) is the basic
chemical unit of all silicate minerals. The number
of tetrahedra in the crystal structure and how
they are arranged determine how a silicate
mineral is classified.

Serpentine silicates are classified as ‘sheet
silicates’ because the tetrahedra are arranged
to form sheets. Amphibole silicates are classi-
fied as ‘chain silicates’ because the tetrahedra
are arranged to form a double chain of two rows
aligned side by side. Magnesium is coordinated
with the oxygen atom in serpentine silicates. In
amphibole silicates, cationic elements such as
aluminium, calcium, iron, magnesium, potas-
sium, and sodium are attached to the tetrahedra.
Amphiboles are distinguished from one another
by their chemical composition. The chemical
formulas of asbestos minerals are idealized. In
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Table 1.1 Common names, CAS numbers, synonyms, non-asbestos mineral analogues, idealized chemical formulae, selected
physical and chemical properties of asbestos minerals

Common  CAS Synonyms  Non- Idealized Chemical Colour Decom- Other Properties
Name No. Asbestos  Formula position
Mineral Tempe-
Analogue rature (°C)
Asbestos 1332-  Unspecified Unspecified
21-4*
Serpentine group of minerals
Chrysotile  12001-  Serpentine  Lizardite, [MgSSiZOS(OH)4]n White, 600-850 Curled sheet silicate, hollow central core; fibre bundle
29-5*  asbestos; antigorite grey, lengths = several mm to more than 10 cm; fibres more
white green, flexible than amphiboles; net positive surface charge;
asbestos yellowish forms a stable suspension in water; fibres degrade in
dilute acids
Amphibole group of minerals
Crocidolite 12001- Blue Riebeckite [NaFe*"Fe**Si O, (OH),] Lavender, 400-900 Double chain silicate; shorter, thinner fibres than other
28-4*  asbestos . blue green amphiboles, but not as thin as chrysotile; fibre flexibility:
fair to good; spinnability: fair; resistance to acids: good;
less heat resistance than other asbestos fibres; usually
contains organic impurities, including low levels of
PAHs; negative surface charge in water
Amosite 12172- Brown Grunerite [(Mg,Fez*)7SiSOZZ(OH)Z]n Brown, 600-900 Double chain silicate; long, straight, coarse fibres; fibre
73-5% asbestos grey, flexibility: somewhat; resistance to acids: somewhat;
greenish occurs with more iron than magnesium; negative surface
charge in water
Antho- 17068- Ferroantho- Antho- [((Mg, Fe*).Si,0,,(OH),]  Grey, NR Double chain silicate; short, very brittle fibres; resistance
phyllite 78-9%  phyllite; phyllite white, to acids: very; relatively rare; occasionally occurs as
azbolen brown- contaminant in talc deposits; negative surface charge in
asbestos grey, green water
Actinolite  12172-  Unspecified Actinolite [Ca, (Mg, Green NR Double chain silicate; brittle fibres; resistance to acids:
67-7* Fe’"),Si,0,,(OH),] none; occurs in asbestiform and non-asbestiform
habit; iron-substituted derivative of tremolite; common
contaminant in amosite deposits; negative surface charge
in water
Tremolite 14567-  Silicicacid;  Tremolite [Ca,Mg,Si,O,,(OH),] White to 950-1040 Double chain silicate; brittle fibres; acid resistant; occurs
73-8* calcium pale green in asbestiform and non-asbestiform habit; common
magnesium contaminant in chrystotile and talc deposits; negative
salt (8:4) surface charge in water

* identified as asbestos by CAS Registry
NR, not reported

From ATSDR (2001), USGS (2001), HSE (2005), NTP (2005)
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to be more potent than short and thick fibres
in the induction of lung cancer in humans.
Unfortunately until recently, all of the epidemi-
ological studies that have been conducted used
methods for exposure assessment that did not
include a determination of fibre size, and thus
this issue could not be directly addressed with
these studies. As described above, the meta-
analysis conducted by Berman & Crump (2008a)
considered the effect of fibre size on lung cancer
risk by using data from other studies conducted
in similar circumstances as the cohort studies.
Their analysis did not reveal strong evidence that
lung cancer potency was dependent on fibre size.
There was weak evidence that long fibres (length
> 10 pm) were more potent than short fibres (5
pum < length < 10 um) in models using all widths
(P =0.07). The lack of size-specific data from the
studies was a major limitation of this study with
regard to estimating size-specific risk estimates.
Stayner et al. (2008) published findings from an
analysis of the South Carolina asbestos textile
cohort in which fibre size specific estimates of
lung cancer mortality was evaluated using infor-
mation from a reanalysis of archived air samples
using TEM (Dement et al., 2008). Long fibres
(> 10 pm) and thin fibres (< 0.25 pm) were found
to be the strongest predictors of lung cancer
mortality in this study.

Another study not part of the prior meta-
analyses provides relevant information regarding
the question of the relative lung cancer potency
of the fibre types. Loomis et al. (2009) carried out
a retrospective cohort mortality study of textile
workers from four plants in North Carolina that
had never been studied before. Workers in this
cohort were primarily exposed to chrysotile
asbestos that was imported from Quebec. A small
amount of amosite was used in an operation
in one of the plants. Overall, an excess of lung
cancer was observed in this study (SMR, 1.96;
95%CI: 1.73-2.20), which was very similar in
magnitude to that reported in the South Carolina
cohort study of textile workers (Hein ef al., 2007).

Asbestos

However, the slope for the exposure-response
between asbestos exposure and lung cancer was
considerably lower than that reported in the
South Carolina cohort study. The reasons for
these differences in the exposure-response rela-
tionships are unknown, but one possible reason
may be that quality of the exposure informa-
tion was superior in the South Carolina study,
and that the difference could be explained by an
attenuation of the slope due to exposure misclas-
sification in Loomis ef al. (2009).

2.2.2 Environmental exposures

Evidence of an association in women between
lung cancer and environmental exposures in
New Caledonia to field dust containing tremo-
lite and the use of a whitewash (“po”) containing
tremolite has been reported (Luce ef al., 2000). A
positive association with heavy residential expo-
sure to asbestos was observed in a lung cancer
case—control study the Northern Province of
South Africa, which is a crocidolite and amosite
mining area (Mzileni et al., 1999). The associa-
tion was strongest among women who resided
in heavily exposed areas (odds ratio [OR], 5.4;
95%CI: 1.3-22.5; Ptrend = 0.02). A study of lung
cancer mortality among women in two chryso-
tile mining regions of Quebec did not result in
an increase in lung cancer (SMR, 0.99; 95%CI:
0.78-1.25) relative to women from 60 other areas
of Canada (Camus ef al., 1998).

2.2.3 Non-commercial asbestiform
amphibole fibres

There is emerging epidemiological evidence
that non-commercial amphibole fibres that are
asbestiform have carcinogenic potential. These
fibres are not technically “asbestos,” and they
were never commercially marketed. However,
the Working Group felt it was important to
discuss the recent evidence concerning these
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