' d Note to the reader

Every effort isnadetopmsmtthenmogra;hsasacmnatelyas
possible without unduly delaying their publication, Nevertheless,
mist.akeshaveoccurredandarestilllikalymoomr. In the interest
of all users of these monographs, readers are requested to commumnicate
myermrsobservedtotheuﬁtofdmicalCarcimga-esisofthe
InternatimalAgeanorResaurd)mcanmr, Lyon, France, in order that
ﬂmesecmheincltﬂedincorrigendavhid)willminslbsqant
volumes.,

Sincethemnqraphsaremtinwﬂedtohearevimofﬂ:e
literaumea:ﬂmntainuuydatacmsidemdmlevantwthe%rking
Groagp, itismtpossiblefortheread&rtndetemﬁnedaeﬂ)eraoertain
study was considered or not. However, research workers who are aware
ofj:rportantp\blisheddatathatnuydmngeﬂlemluatimmmqtasmd
tonakethanavailabletotheabavemtimedaddress,inozﬂxﬂutt}ey
canhecmsideredforapossiblere-evaluatimbyafutugmng&mp.



! OONTENTS

INTRIII”:CN e RIS s I TP RRANS IS ERRNIRREd NIRRT IBATRERTITIIRIIOITRRSL

ASBEEHEB Py A R R R RN A N R R N R R R A A A AR S i g

1.

4.

Chemical and Physical Data civeavnsncercnesenssscccarecsces
1.1 Synoryms and trade NAMES .....svssccscsenranercceirvae
1.2 Chemical and physical characteristics .....-.cceeeese

Production, Use, Occurrence and Detection .....ccccvvsesene
2.2 OCCUYTENOR .ccvsssssssssorssvasnvebssnnsmninsissncncss
2.2(8) Asbestos in the general envirarment .....cc...eceeee
2.2(b) Asbestos in the work environfent ...cescesaceacerans
2.2(c) Danestic exposure R RASGCLALLERLELLLIRLEL
2.3 Detecticn of 2sbeSto8 ..essevesnscsrssanssssansrreacenan
Biclogical Data Relevant to the Evaluation of Carcinogenic
RiSk £ MAN ..ccoccscsccsansnnsssnsssssnssantonsannsssses
3.1 Carcinogenicity and related studies in animals .......
3.2 Other relevant biological data in animals ..........-.
3.3 Case reports and epidemiclogical studies ..........oss
3.3(a)} Ocoypational exposure to commercially exploited

BOULCES uwesvtssnsssssrnssnsvsosctsnnsanssrsdiissnses

3.3(b) Smoking and occupational exposure to ashestos ......
3.3(9 Non—occmadmal exposure to oommercially exploited

e e Y N PR RN E L L R A i il

3,3(d) Exposure to asbestiform minerals other than mined
AShEStOB tvsssenesensvsasrrrsonssrsscsessenssansns

3.4 Rnalyses of fibres in tissues ........ceueencraricenen
2.5 AShEStOSiS ..eseaccesseresssisssarsencnasscanans vernee

Comments on Data Reported and Evaluation .......esceecacnss

AFPENDIX A
Scope of the problem related to asbestos expoSUre ......... .

5.

References (..ccesraverrescsrsavrancene vesrusuna

42
42
58
62

62
69

69

o N3

80

82
85



INTRODUCTION

For a general introduction to the TARC programme on the Evaluation
of the Carcinogenic Risk of Chemicals to Man, the reader is referred to
the preable given in other recent volumes of the IARC monographs, which
describesﬂ-euorkingpmcedumandcriteriaadoptedwmbrking
Groups -

Int]ﬁsvolmeaewraldungesinﬂnmmllaywtofthemv-
graphs have been mxie; namely, data which concern asbestosis and the
occurrence of asbestos fibres in human tissues, which would normally
have been considered in section 3.2, 'Other relevant biclogical data’,
have been considered in separate sections after the epidemiological
studies. Section 4, 'Comments on Data Reported and Evaluation’', is
given in a unified form, without separating animal from human data.




ASEESTOS

Ashestos was previcusly evaluated in October 1972 (IARC, 1973).
Since that time new published data became available which were considered
by a Working Growp especially convened in 1975. The present Working
Gmx:phasmdeafimlevaluatimofﬂlavaihbledauplbliﬂndor
accepted for publication up to December 1976.

1. Chemical and Physical Data

Asbestos isﬂegernricnmmedforagrmpofnatmallyoccmﬁg
mineral silicate fihres of the serpentine and amphibole series. Govern—
ment agencies in various countries, and industrial grovps, currently
characterize six fibrous silicates as 'asbestos’ {Speil & Leineweber,
1969; US Department of labor, 1975): the fibrous serpentine mineral
chrysotile and the fibrous amphiboles actinolite, amosite, anthophyllite,
crocidolite and tremolite,

Asbestos
Serplenti.ne Amphiboles
Chrysctile
{white asbestos)
| | i 1 -
Actinolite Amsite Anthophyllite Crocidolite Tremolite
(brown asbestos) {blue ashestos)

Qurrent lsageofﬂletemasbestosismtrictedtothesesmific
silicates, although there are many minerals with fibrous crystal habits
that occur naturally. These latter mineral species, however, either do
not possess such properties traditionally ascribed to asbestos as, for
instance, heat stability, thermal and electrical insulation, the ability
to be woven, stability in acids or alkalis, or do not cocur in sufficient
concentrations for exploitation. The original definition of the word
asbestos is derived fram the Greek, 'incombustible’.



1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 1332-21-4 Asbestos fibre

Asbestos

12001-29-% Chrysotile
Serpentine; 7-45 asbestos;
Avibest C; Cassiar AK;
Calidria RG 144;
Calidria RG 600

17068-78-9 Anthophyllite
Azholen asbestos
Ferroanthophyllite

13768-00-8 Actinolite

12172-73~5 Amosite
Mysorite

12001~28-4 Crocidolite

14567-73-8 Tremlite
Silicic acid, calcium
magnesium salt (B:4)

1.2 Chemical and physical characteristics

(a) Chrysotile

(i) Atomic structure: On the basis of powder diffraction and
single crystal X-ray crystallographic studies and transmission electren
microscopic and selected area electron diffraction investigations,
chrysotile has been shown to be a curled sheet silicate, spiralled as a
helix around a central capillary (Clifton et al., 1966; Huggins & Shell,
1965; Jagodzinski & Kunze, 1954a,b; Kalousec & Muttart, 1957; Pundsack,
1956; Whittaker, 1963a; Yada, 1967; 2Zussman et al., 1957).

Chrysotile is the fibrous member of the serpentine mineral group,
possessing a rolled trioctahedral clay structure; it is the magnesium
analogue of kaolinite (Deer et al., 1962). Half of chrysotile sheet
silicate is emposed of planar-linked silica tetrahedra in a pseudo-
hexagonal arrangement. Here, all three oxygens at the base of the tetra-
hedra are shared in a common plane. All unshared apical oxygens in this
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sheet 'point' in a single direction, above the plane, towards an ad-
joining throcite' layer, which is oanposed of magnesium ions coordinated
octahedrallywithmqgmandhyd:mcylgrm. Two of the three apical
oxygensintletetrahedralsheetmlaoemrdzwlgrmpstofomtm
brucite layer. The complete, single chrysotile structure oonsists of

a 1:) sheet structure of silica and brucite, joined by shared tetrahedral
apices. The distance between adjacent ocamposite shests is in the order
of 7.3 mm, with symmetry element repeatevexytwosheets,oru.s nm.
mhe dimensions of the brucite sheet (5.4 rmx 9.3 nm) and the silica tetra-
hedral sheet (5.0 nm x 8.7 =W indicate that these basic umits are struc-
turally mismatched. There are several mechanisms by which the sheets
may 'change’ in size so that they will 'fit' over each other: (1) the
bondsmystmtdmtofit,prodmirgamisshapmmleculararrangmum:
(2) mllerimsnnymtertheoctahedralbrucitegrmp,ulngexims
mymtertretetmhedralsilicagtmp.ﬂmrebydecreasimorimsing
the respective sheet sizes; or(B)mest:wmremybeuarped,withthe
1axgerbrucitesheetmr1in;aw:rthesnaller *tridymite' sheet. The
latberuedxanisnﬂlappearswbeﬂ'edaninantneﬂbdofsuuctuml
accommodation for chrysotile, although the presence of trace metals and
marked disorder along specific crystallographic directions suggest that
other factors account for some of such accommedation.

The curvature of chrysotile, its misshapen bond angles and resultant
charge distribution produce a structure that may be considered to be
unstable. A carparison of the stability of the different serpentine
mineral forms (Nagy & Bates, 1952) cleaxly demonstrates this.

mechargemthesnrfaoeofduysotileinanaqimlsnedimis
controlled by the hydroxyl groups surrounding the magnesium ion. Because
Oftheadsorptimofhydrogenimatthesurfaoe, a net positive charge
is produced (Speil & Leineweber, 1969). The surface is cormonly hydro~
philic, so that particles of chrysotile form a stable suspension in
water (Pundsack, 1956, 1961).

{ii) Chrysotile crystal polytypes: Curving of chrysotile most
commonly ocours around the a axis, i.e., the hollow fibre tube axis
parallels crystallographic &, forming a girdle of c axes. The structure
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of chrysotile is complicated by the different ways in which the c‘xn{nsite
ghwets are stacked. If adjacent sheets are stacked so that magnesium
hydroxyl groups are offset in the same direction and suxessive sheets
have the same brucite configuration, the resulting symmetry belongs to
the monoclinic system, and the mineral species is termed 'clinochryso-
tile'. However, stacking of sheets may reverse so that the net displace-
ment is effectively cancelled. This results in an arthorharbic symmetry.
This mineral species is called 'ortho-chrysotile'. Another species of
fibre, 'para-chrysotile', is characterized on the basis of its tubular
development parallel to the b crystallographic axis. This variety occurs
only rarely.

same investigators indicate that electrom diffraction patterns of
chrysctile fibres yield fibre patterns of both ortho- apd clinochrysotiles;
i.e., natural chrysotiles are commenly mixtures of polytypes. However,
single ﬂbrilsappeartobeofeiﬂumstrmtmaltypeottheoﬂmr,
and single individual -fibrils with mixed characteristics have not been
observed (Zussman et al., 1957).

(iii) Fibrils and fibres: Electron micrographs show that single
chrysotile fibrils are hollow tubes (Clifton et al., 1966; ILanger &
Pooley, 1973; langer et al., 1974; Maser et al., 1960; Yada, 1967).
Same of these micrographs suggest that there are chamnels between
individual fibrils as well as internal capillaries. The internal
capillaries of chrysotile have been studies and their dimensional charac-
teristics recorded: these range fram 20-130 nm (Badollet, 1948; Langer
& Pooley, 1973; Langer et al., 1974; Maser et al., 1960; Pundsack,
1961; vhittaker, 1963a; Yada, 1967, 1971). Outer £ibril dimensions
of up to 600 rm (usually 200-~30C nm) in width have been reported
{vhittaker, 1963a). Some authors have suggested that chrysotile fibril
dimensions are different in different geoclogical localities, e.g.,
Canadian fibrils tend to be larger than South African varieties. Fibril
growth appears to be related to the process of crystallization and to
both the chemical and physical environment (Bates, 1959; Bates et al.,
1950; Jagodzmskl & Kunze, 1954a,b; Kalousec & Muttart, 1957). A more
recent paper (Yada, 1967) has demonstrated that within a single mineral
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specimen the capillary and fibril widths may vary significantly, and the
presence of chrysotile fibrils without the central capillary has been
demmnstrated, Chrysotile fibrils may develop as both ‘cone-in~cone'
conoentric cylinders and as progressive rolled sheet helices spiralling
around a central capillary,

(iv) Chemistry

Major axides : The ideal crystal chemical formila for chryso-
tile is : Xg (8i,0,¢) ((H,0,F,Cl)s. X represents octahedrally coordinated
cations of the brucite layer. Magnesium most commnly occupies this
position up to the available 6.00 sites, although irom, nickel and
manganese may be present at up to several tenths of a percent (Table 1).
The Si position represents the tetrahedrally coordinated cation of the
silica layer and is almogt entirely filled by silicon to the hypothetical
4.00 site vacancy. Rarely, aluminium may be present in the structure;
the hydroxyl group may in rare instantes be replaced by oxygen, fluorine
or chlorine. All substitutions are related to original rock type,
provenance and conditions of growth.

The chemical composition of chrysctile is unifom in compari-
son to that of the amphibole asbestos minerals, A comparison of the
empirical composition of chrysotile with that of natwrally occurring
fibres indicates that the latter tend to be 'dirty’: same trace oxides
are always present. The high Fe?* and Fe¥t contents usually result from
contamination by magnetite, which is a wiquitous accompanying mineral
phase when the serpentinized rock is an ultramafic type. Calcium oxide
reflects serpentine deposits originating from a silicified dolomite.

Minor and trace elaments in chrysotile: Ni, Cr and Co have
been identified in trace amounts within chrysotile deposits derived from
ultramafic (sexpentine) bodies (Table 1). Iron is also ubiquitous.
Occasionally, other trace metals are cbserved, but their presence tends
to reflect that of trace mineral phases associated with the fibre. For
example, high iron content in Canadian fibres may reflect the presence
of both ferrian nemalite and/or magnetite (liebling & Langer, 1972).

The substitution of nickel and iron for magnesium in chrysotile is
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Table 1

Chemical carposition of chrysotile v

ocide On basis of Canadian (avg.) chabani, So.Afr. (avg.) le
Mg5SiyO10 (CH) » {Gaze, 1965) (Harington, 1965) (avg.)A
5i0; 43.35 40,3 39.15 41.8-42.0
Al,04 0.7 2.15 0.1- 0,5
Fe,03 1.5 1.18 0.2- 1.3
FeC 1.0 1.33 0.1~ 1.6
MO 43.66 42.4 40,32 41.8-42.8
ca0 0.2 1.09 0 - 0.1
Na,0 0.09 0 ~- trace
K,0 0.15 0 -0.1
503 0 - 0.1
0, 0.2 0.41 0 = trace
+H,0 12.99 13.7 13.09 13.6-14.0
100.00 100.0 98.96

Conmon trace metals detected:

chramium (follows MgFe) - \p to 1000 uwg/g fibre

cobalt (follows Fe ) - up to 1000 wg/g fibre

nickel (follows Mg ) - up to 5000 ug/g fibre

2 anortville, N.Y. (Kalousec & Mittart,

Reimscinseel, 1956); Tr
{Nagy & Faust, 1956)

1957) ; Danville, Quebec
, South Africa (prindley & Zussman,

1957);

, 1956; Pundsack &
Gila, Arizona
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'camg'.\lace in deposits derived fram ultramafic rock types (Langer et al.,
1972a,b; Morgan & Holmes, 1970; Morgan et al., 1975). Such deposits
provide the bulk of chrysotile fibre to the world market.
(v} Impurities

Camon mineral impurities associated with ile s
'n-area:ealargenmberof:od(typesmidlmybeprmof,or
associated with, serpentine bodies. These include dunite, dolamite,
gabbro, hormblendite (arphibolite), norite, peridotite, picrites and
pyroxenite (Deer et al., 1962; Jchansen, 1937). Alteration of these
rocks to serpentine, accompanied by the formation of lizardite, anti-
gorite and chrysotile, may also include the survival of pre-existing
mineral phases, Rodt-fomﬁn;uﬁreralssudawolimxemdpyrmmmy
survive the alteration process and contaminate the final mineral fibre.
Occasionally, nemalite, tremolite, anthophyllite and a number of other
fibm:smi:mlpinssmybeassociatedwiththeserpmtinebody. Ore
minerals, e.g., niccolite (nickel arsenide), ccbaltite (cobalt arsenide
sulphide), arsenopyrite (iron sulphide arsenide), chramite (chromium
oxide) or magnetite (iron axide) may often be present in quantities
sufficient to form exploitable mineral deposits. Geological literature
is replete with reports of the association of such ore deposits with a
serpentinized host rock. Therefore, chemical and mineralogical data may
suggest not only elamental substitutions within the chrysotile structure
but more comwronly associated trace mineral phases as well.

Chrysotile fibre that has originated from serpentinized
dolomites is often contaminated with the carbonate mineral, calcite
(Deer et al., 1962; Diller, 1919; Huggins & Shell, 1965). As with the
chrysotile fibre originating from ultramafic rock types, the nunber of
associatedcontaninantphasainca:bonatemcksishigh. Several papers
have listed common minerals and metals associated with chrysotile (e.g.,
Diller, 1919). Commn analytical techniques, generally X-ray diffraction,
have been used to demonstrate these various mineral associations
(Badollet & Gantt, 1965). As in the case of trace metal analysis, trace
mineral phases closely follow geological rock type.
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The quantities of trace mineral impurities in chrysotile '
appear to range considerably (Speil & lLeineweber, 1969). When present,
their particle sizes tend to be extremely mmall, in the order of a few
hundred microns and less (Badollet & Edgerton, 1961). Chrysotiles derived
from serpentized dolamites tend to have calcite intergrowths of a size
similar to that of magnetite.

Occasionally, the chrysotile fibril itself may contain
quantities of amorphous material that is of chrysotile composition but
not necessarily of the same molecular proportions. For example, it has
been noted that the progressive leaching of chrysotile with distilled
water may yield what appears to be the mineral phase alpha-sepiolite
(Hargreaves & Taylor, 1946).

Hydrocarbon traces :  Adsorption of hydrocarbons onto the
chrysotile surface has been documented (Harington, 1965 Harington & Roe,
1965). RNatural organic contamination is far less common in chrysotile
than in crocidolite and amosite, but contamination during industrial
fabrication is apparently more widespread than previously thought.
Storage of fibre in various containers is one such source of hydrocarbon
contamination (Commins & Gibbs, 1969).

Impurities added during preparation: Occasionally,
impurities such as nickel-steel fragments are added to the product during
the processing of chrysotile asbestos. These are apparently the result
of abrasion of mxhinery by the mineral impurities. The amounts of such
steel particles are generally small (Ayer & Lynch, 1967; Badollet, 1952).
Hammer milling may increase considerably the nickel, chramium, cobalt and
iron content (Badollet & Bdgertom, 1961).

(vi) Harsh and soft chrysotiles : It has been recognized on the
basis of field cbservation that the serpentine mineral chrysotile
occurs naturally with a range of physical properties. There appear to
be differences in the relative flexibility of chrysotile fibres derived
fraom different geological localities; these have been termed 'harsh’
and 'soft' fibres (Speil & Leineweber, 1969).

18



'Ih;:relative flexibility and 'feel' of the fibre humdle has been
used to distinguis® between these types (Dana & Ford, 1957). Although
the terms 'harsh' aad 'soft' have been applied to certain fibre types
to suggest extreme characteristics, fibres generally occur as gradations
between these mineral end-types {Badollet, 1948).  Occasionally, fibre
pundles are cbserved that do not flex readily, that possess characteris-
tics of harsh fibre types, but that are not truly harsh. These tend to
be fibre bandles of chrysotile intergrown intimately with mineral
impurities, For example, Canadian fibre tends to possess intergrowths
of magnetite and nemalite parallel to the fibre axis. Although these
ﬁbr&appearbobe}mrshinthehand@ecinen,remvalofthefibres
from the mineral matrix produces a soft flexible mineral species. A
sm:yofrecognizedpmpertiesofthesefihzetypesisgivmin
Table 2.

The nature of the fibre bundle and the mechanical ease of reducing
such fibres to individual fibrils are directly related to the relative
degree of harshness or softness. Soft fibres tend to break open easily,
producing a large surface area, which permits leaching of magnesium fram
the exposed fibre surfaces, increasing solution conductivity (Table 2).
The relative degree of fibril disarientation may be measured by varia-
tions in selected area electron diffraction patterns (Langer et al.,
1974) .

{vii) Other properties : The chemical stability of chrysotile is
limited. w%hen it is in contact with dilute acids or even with solutions
at pH of less than 10.8, magnesium tends to be removed from the fibre
surface (Hargreaves & Taylor, 1946). On a comparative basis, the stabile
ity of chrysotile is generally much less than that of the other serpentine
minerals {Nagy & Bates, 1952). Magnesium loss in vivo has been demons-—
trated by both electron microprobe analysis of fibres in tissues and by
studies of neutron-activated fibres released in laboratory animals
(Langer et al., 1972a,b: Morgan & Holmes, 1970; Morgan et al., 1975).
Chemical degradation. is accompanied by physical degradation as well
{Jauwrand et al., 1976).
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'mé physical stability of chrysotile is also limited. Chrysotile
appearstoloseitscxystallmemaraﬂeruﬂnnitssizeisrechced
beyond a certain range. 'Ihiscanbeobaexvadaftarduysotileishau-
milled for periods of more than 60 secomds (Langer et al., 1977). These
structural changes can be followed by means of x-raydi.ffracti.onmd
infra-red spectrographic and other techniques. Mechanical energy first
preaks the physically weak chemical bonds; chrysotile is initially dis-
mtedalmgthestaddmdirectim.asixﬂicatedbyalossofthe {hOl)
reflections (Brindley & Zussma, 1957) .

misisofparticularinportheintemsof interpreting biological
data in which animal experimentation is carried out using materials which
havebemball-milledforsizemdxtim. It has been shown that ball-
milling results in decreased haemolytic activity and in the activation
of free radicals on chrysotile surfaces (Langer et al., 1977).

Arangeinthedmsitisofnamld:rysotileﬁbmshnshem
chserved: values for Arizona chrysotiles, derived from serpentized
dolomites, have been reported to be between 2,19 and 2.25 g/ml (Huggins
& Shell, 1965); the density of chrysotile from Canada has been shown
to be approximately 2.56 g/ml (Kalousec & Muttart, 1957; Pundsack, 1956).
These reparted ranges indensityofdaqrsotileha\amutriwtedhoth
to mineral impurities and to the presence of magnesium silicate material
that 'stuffs' the central capillaries and £ibril interstices in the
fibre bundle.

Chrysotile has also been shown to possess paramagnetic properties,
which can be uvsed to produce aligent of fibres for comting and
sizing (Timbrell, 1975).

(viii} The wide geological distribution of serpentine rocks;
chrysctile as a contaminant : Chrysotile asbestos is mined
as a rmon-metallic ore; however, the mineral itself is far mze wide—
spread than previously thought. For exatple, serpentine belts are asscr
ciated with pearly every major mountain chain axis around the world
(Hess, 1955), and serpentine is a common host rock for some ore deposits
(Bateman, 1959). It has been shown that naturally occurring serpentine
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consists of mixtures of chrysotile and of antigorite (MNagy & Faus;:, 1956)
and the platy phase lizardite (Brindley & Zussman, 1957}, Therefore,
aqnmremduysodlennymfmavarietyofrmktypes in which
chrysotile jtself is not being mined as such. A muber of fibrous
minerals may be mterdispexsedwiﬂnorassociatedwiﬂ\duysotile, for
exarple, amphibole asbestos varieties (Table 3) (Langer ef al. 197;
Pooley, 1976).

Table 3

for serpentine-like rocks, alteration pmducts and minerals
that may contain or be associated with chrysotile

Rocks Minerals (Faust & Fahey, 1962)
serpentine antigorite meerschaun
vermiculite antillite metaxite
talc aquacreptite neolite
baltimorite ophicalcite
bastite picrolite
howenite picrosrine
Germatite porcellophite
doveylite prknotrope
hydrophite retinalite
jenkinsite schweizerite
lizardite 1lite
manmolite williamsite

(b) Amphibole asbestos minerals

The amphibole asbestos minerals are each as complex as chrysotile.
The following descriptions are offered as an outline, and a table is
provided for direct comparison of the different mineral species (Table 4).

{i) Atomic structure: The amphibole minerals are structurally
inosilicates, double—chains, cross-linked with bridging cations. The
stncmreisfomedbyoo—plamrsharingofunofmreeoxygensatﬂe
base of the silica tetrahedra, which extends as a single chain along an
infinite axis. The double chain is completed by the third oxygen, which
is shared between two tetrahedra of opposite, facing chains. These wnits
form the asbestos fibre axis (Deer et al., 1967; Ernst, 1968: whittaker,
1960, 1963b).

22




Table 4
Avphibole minerals directly or possibly related to asbestos

Asbestos type Asbesti form-related mineral

actinolite— ferroactinolite
tremolite gamierite
ite

anthophyllite fex-romﬂi;pl'tyllite

crocidolite crossite

The different amphibole ashestos fibres possess this pasic structure,
with small modi fications brought about by chemical variation. Cation sub-
stitutions within the amchibole structure modify interplanar spacings
and the stacking angle of chain units, referred to as the beta angle.

This angle forms the inclined plane of monoclinic structures. Unit oell
dimensions and beta angles are obtainable from any muber of reference
sources (Deer et al., 1967; whittaker, 1960, 1963b). A review of such
properties, e.g., space group symmetry, is given in Table 5.

(ii) Chemistry: The canplexity of the amphibole asbestos minerals
can be illustrated by a brief and general description of amphibole crystal
chemistry. There are several general chemical structural formulae used
for all amphibole minerals: oY) 7—g (24011)2 {0,04,¥), (Mason, 1958} or,
more frequently, Wo_1 X2 ¥s {(si011)2 {o0,08,F) 2 (Ermst, 1968). The cations
wWXY correspond to the structural sites A, My, Mz, M3 amd M,. Sare
confusion generally arises from the description of the chemistry of
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Table S

Mineral relationships and comon substitutions of the amphibole asbestos types

Asbestos fibre Related Ganeral Crystal Cation in Cormon cation substitution
mineral system chemical formula rystam & M site and remulting mineral
. space group
anthophyllite anthophyl1lite- [Paikyg) BEno o (M) ; orthorhambic] Mgife My == Fe ferroanthophylilite
gedrite Prma (g, FulSi = Al.Al gedrite
(My,51) 3= (AL,AL) gedrite
(1g,6i1 =& (Fe,Al} ferrogedrite
amosite grunerite- (FegMg) Siglzz (OH} 2 monactinic Fa:My Fe &= Mg megresio—gruwrite
cummingtonite /M cummingtonite
Fe == Mn mangano-grunerite
rangano-cumminegtonite
actinol jte- actinolite— Ca; (MgFeg ) 5150;2 (OH) ; monoclinic Cs Fe =2 My conplets gradation:
tremolite tramlite c2 ferrasctinolite-
Ca; (Mg Fel 5130, (A1) ; monocl inic Ca tramolite
c2M fo = Mn tirodite
crocidols e riebackite- Na(Pe) *Pe’*18ig0y (OH); | monoclinie | wa Felt g Al eovplete gqradation:
glaucophana CIM relt = my rimbrckite—glaucophonne




N

crystalé in terms of structural accammodations of cations. The inter-
changed notaticn for structural and chemical syrbols would be expressed
as : (lo_: (M M) 04 My Mz M M3) (BL0n1)2 (0,0H,F};. Therefore,
dmdstrym\dstrmtureareinterdepmdmtmdralatedtofactcrssuch
as cation size and valence (Table 6).

Basically, the amphibole minerals comsist of chain structures, with
ninestnx:t\ralsitest.hatmayacccmmdatecatimxs. Any change in ratios
of these different cations would change the mineral species. However,
for ﬂwedifferentasbestostypes.ﬂnreappearstobelimitedmum-
timintemsofdunimls;eciesmdofﬂ:eirlocatimsinthesuuctum
(Table 5}.

J}_nmnite: Anthophyllite is considered to be an
orthorhambic magnesium-iron amphibole with possible aluminium substitu-
tion. This mineral species forms a partial solid solution with the
mineral gedrite, an aluminiumrich fibre of similar properties (Table 5).

Amosite: Amwosite is an exploited variety of grunerite.
As part of the grmerite—cumﬁngtmite solid solution series, amosite
tends to occur with more iron than wagnesium in its structure. Manganese
substitution may occur in concentrations of up to 4% by oxide weight
(Table 5).

Actinolite and tremolite: Actinolite and tremolite
appear to form a solid solution series, representing end-renbers of that
mineral group (Deer et al., 1967). Both mineral species possess calcium
in the M, structural site, with complete iron-magnesium gradations in the
M, through M3 valence sites. Occasionally, manganese substitutes for
iron {Table 5}.

Crocidolite : Crocidolite is the exploited form of the
rock-forming amphitole mineral riebeckite. Riebeckite may change
chemically with replacement of Fe?* for magnesium and Fe¥* for aluminium
(Table 5). For exanple, magnesio-riebeckite is mined as crocidolite in
Bolivia (Speil & leineweber, 1969).

ﬂied*ﬂnicalcmtentsofﬂaeanﬁxiboleasbestostypesaregivm
in Table 7. '
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Table &

Chamical and gtructural notations for the asphiboles

cation site structurgl Ccation turber of Change of cation iocation in structure Comon elements
notation= coordination | site cations
in wit cell
10 - 12 1 + o H back of 2 Na, X, L&
" - e R R
X " 6 - 2 +ro edgm Of 4 Ra, K
o adjacent 7L | o w re
chains x
¥ M, Mo, M ] S +4 to +H front of 2 ra, My, Ti
v } N facing %7 Fe, AIE€
2 li!' Blu [} 4 444 LO Hhes fﬂmd-l 2];'4
PN ningle n
it Pa=""N

B ordering of size of sites:

mo>M>Mm >N

B agites frequently vacents if ¥ > 2 A-site is Filled

€  y_sites can also be filled by M, cr, I, Zn
d n-mum&:stuwwlm4

(vhittakxer, 1960}




Table 7
Malrmofﬂnmtmqvpesl

Nrosite Anthechvllite | Crocidolite Actinolite Tremolite
5i0; 49-53 56-58 49-53 51-56 55-60
Aly05 - 0.5-1.5 0-0.2 1.5-3 0-2.5
Fe;0, - - 17-20 0-3 0-0.5
FeO 3444 312 13-2¢ 5-15 0-4
M0 1-7 . 28-M 0-3 15-20 21~26
Ca0 - - 0.3-2.7 10-12 11-13
Ma,0 trace - 4-8.5 0.5-1.5 0-1.5
X;0 0-0.4 - 0-0.4 0-0.5 0-0.6
H;0 2.5-4.5 1-6 2.5-4.5 1.5-2.5 0.5-2.5
Comon trace elements Ag, Ba, be, Co, Cr, Cu, 1i, M, Mo, W,

Ni, S¢, 5r, Th, V, Ir

B paced on superior analyses of Mmeun quality representative fibres

(iii) Minerals similar to the amphibole ashestos types: Because
of the complexity of the structure of the amphiboles and the wide range of
possible cation substitutions in terms of size and valence, it is
inportanttomteﬂutanmbe:ofmi:eralssrnuldberegardedasakin
to asbestos types, Table 4 includes a partial list of rock-forming
minerals vhich may form filwes that possess properties similar to those of
amphibole asbestos types ocourring in exploited areas.

(iv) Physical properties: The biclogical activity of the amphibole
ashestos types is possibly related to physical properties as well as to
chemical properties. The wide variation in chemical structure of the
amphibole varieties suggests that biological activity is not restricted
to any one chemical variety (Langer et al., 1974; FPooley et al., 1970;
Tinbreli et al., 1970). For exanple, crocidolite tends to form thinner
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fibres than amosite; in gereral, arosite tends to form thinner flbres
than anthophyllite. Diameter is the determining factor in the ability
of a fibmwpaetrateﬂﬁlmgaimy&

'n'lesurfamdxarg%ofallofﬂieanpm.boleasmstosﬁbmsare
negative in aquecus media (Prasad & Pooley, 1673). The magnitude of
the surface charge is different for each of the different fibre types.
Stability in alkaline and acid environments also varies considerably
and has been studied in detail (Speil & Leineweber, 1969).

The earth's crust, 2 complex of multiple rock types, is composed
primarily of silicate minerals (Wahlstram, 1956). Although the phy-
sical and chemical patures of these rocks vary greatly (Poldervaart,
1955), perhaps only six mineral groups constitute the ' rock-forming
asserblage' (Wahlstram, 1956), classified on the basis of their atanic
structures and chemistry. 1t is of great imgortance to note that
chrysotile, the asbestos fibwe used wost widely throughout forth America,
is not oconsidered to be an *abundant' mineral phase. Rather, almost
8% of the earth's crust is conposed of amphiboles (Wahlstrom, 1956) .
Since most of the asbestos fihretypesarematbersof that mineral
class, this fact is of particular importance. Asbestos terminology is
not commonly used to describe the rock-forming counterpart; therefore,
a:end@tsuspectﬂntuwndningareasofﬂewﬂdrepnﬁentmces
of potential asbestos exposure and cisease because of their content of
these fibrous gangue minerals {see section 3.4c).

28




. . 2. Production, Use, Occurrence and Tetection

2.1 Production and use

Ashestostasbeanmedintemﬁttentlyinmllmmtsforﬂmsarﬂs
of years. Dbthmjnchstrialwedatesfrmabwtlwo.ﬂnnthem
chrysotile fields began to be exploited (Hendry, 1965; Bueper, 1965) .
Dx:rhtgﬂ'enextmyearsaeremgradnlj:creasesinpmductimand
use: aam:lativetotalofscxnematlessthansooomillimkgladbem
mined by 1930.

world production has accelerated over the past four decades {Table 8);
for exanple, world mine production increased by 50% between 1964 and 1973.
Tn the latter year, the two major pxodur:ingmtri&swere(:anada {sales
were 1790 million kg) and the USSR {estimated production, 1280 million kg) ;
other countries with significant mine production were the Republic of
South Africa, Fhodesia, the Pecple's Republic of China, Italy and the
Ush (US Bureau of Mines, 1975).

Table 8
world production of asbestos
Year vorld production % Canada % USSR
(million kg)
1960} 2 210 45 29
1970273 3 490 44 30
19732 4 093 41 3l
19742 4 115 40 13
1975% 4 560 23 48
1976" 5 178 29 44
1 From May, 1965 3 Pyan Clifton, 1972
2 From Clifton, 1974 % From Fagan, 1976

Most asbestos 1susedmthe|oonstruct1m industry|, in general,
acoomnting for two thirds of the usage. Over 3000 uses of asbestos have
peen identified (Rosato, 1959); important uses include asbestos cement
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sheets and pipes, insulation materials, taping copouands and floor and .
ceiling tiles (Hueger, 1965) (see also Table 9). The asbestos content
of a product is ret necessarily an indication of its relative health
risk, for in many products the fibresa.retit;\tlybmrﬁhotremtrixor
are encapsulated. A potential health risk arises when asbestos fibres
are set free, e.g., turing the drilling or sawing of ashestns cement
sheets.

Friction materials constitute an important class of asbestos
materials. These include not only clutch facings and brakes for cars,
lorries, railway carriages and aeroplanes but also braking materials
widely used in industry for machinery. Asbestos-containing gaskets

agents, Sprayed asbestos materials are used for decorative and acoustic
purposes, as well as for the fireproofing of structural elements in
buildings.

An extraordinary variety of other uses of ashestos are known,
ranging from papier mach® materials used by school children and fireproof
clothing and gloves to fillers for plastics. Such uses may ke found toO
have considerable impact in terms of public health terms, since large
mzlbemofpecplenaybeacposed. 'IhesanEperspectivenayhevalidin
oonsidering end-product use of asbestos materials, especially in the
mtrmtimmdustzyorinmip-buildhgaxﬂsﬁprq:aix. A single
insulation worker, cutting ashestos plock or mixing asbestos cement, may
cause the exposure of many other workers roundabout, e.g.,electricians,
plutbers, masons, bricklayers, Sweepers and others. The impartance of
such 'bystander' exposure has been emphasized by the cbeervations of
Harries {1976) and Skidmore & Jones (1975}.

Tremlite is not at present exploited as an asbestos mineral in
its own right. Materials that include tremolite as a major camponent
are, however, producedinrranypart.soft}emrld. These include many
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Table 92

Asbestos diatributicn by end use, grade and type in the US, 1974

{million kq)

Chrysotile Crocidolite Amosite Anthophyllite Total
Asbestos cement pipe ie8 33 0.9 0.18 202
Asbestos cement sheet 82 3.9 86
Flooring products 139 139
Roofing products 66 1.5 67
Packing & gaskets 26 0.09 26
Insulation, thermal 6.6 1.6 8
Insulation, electrical 4.2 4
Friction products 72 0.18 72
Coatings and compounds M 34
Plastics 15 0.18 0.63 16
Taxtiles 18 18
Paper 57 0.18 57
Other 33 0.36 0.45 34
Total 763

-1
From Clifton, 1974




jndustrial powders referred to a% tales or tremolitic talcs (Pooley
& Rowlands, 1977; FRohl et al., 1975).

Anthophyllite is a talc-like form of asbestos; it is used as an
industrial talc and in paper-processing, plastic products, asbestos
cement pipes and friction materials (Clifton, 1974), Other uses are
described by Rosato (1959).

Known commercially exploited deposits

Mﬁ:mlargestmmialdepositsofthismalmin
the USSR and Canada. Itisalaominedinthe?ecplz'smpublicofdmina,
Cyprus, Ttaly, southern Africa and the USA. Recently, an open-pit mine
hasbegmpm&:ctiminmstralia. Inthepast.mallmtswarendmd
in Corsica (Boutin &t al., 1876) .

Crocidolite: Most of this fibre comes from the north-western Cape
aﬂTrmsvaalareasofswthAfrica. In the past, small amumnts were
mined in Western Australia (Wittenoan Gorge) and Bolivia {Chichabanba) .

Amosite: Transvaal, South Africa, is the main source of this type
of fibre. Anidenticzlfibrehasbaenfanﬂinnﬂiamduiubep:o-
duced under the name of mysorite. ‘

Anthophyllite: This form of asbestos was exploited in Finland
wntil 1974; smaller quantities are found in a nurber of other countries.
It is a common contaminant of talc deposits in the US {Kleinfeld et al.,
1974; Pooley & Rowlands, 1977; Fohl et al., 1975).

Tremolite: Some limited mining of tremolite fibres was carried
out in the US and in the Far East. The fibre now exists primarily as
a natural contaminant in other exploited materials, e.g., talc (Kleinfeld
et al., 1974; Pooley & Rowlands, 1977; Fohl et al., 1975).

2.2 Ocourrence

The ocourrence of asbestos inthegeneralorocc@af_iomlmvirm-
ment has been reported in various urits of measurement: in workplaces,
air units include million particles per cubic foot {mppcf) or, more
recently, nuiber of fibres > 5 ym per ml and million fibres per m>:
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in ambient air samples, values are cenerally recorded on a gravimetric
basis, e.g., ng/m3.

It would be desirable to hawe a conversion factor in order to
relate arbient asbestos levels to occupational lewels; however,
attempts to formulate such a conversion factor have generally been
unsuccessful because of large variability (NIOSH, 1977). This is to
be expected, as ambient levels are cenerally determined by tramsmission
electron microsoopy, whereas phase contrast optical microsocpy is used
to measure cccupational exposures. In addition, techniques used to
prepare sanples for electron microscopic observation may cause altera-
tions in fibre size (diameter and length) distributions. However,
the direct transfer technique may overcome these difficulties (Sebastien
et al., 1976a}).

Measurements of asbestos in fluids, including water, beverages,
etc., have been expressed as fibres per ml, fibres per 1 or ng per g of
sample. For more details concerning the problems in detecting asbestos,
see section 2.3.

(a) Asbestos in tlt‘gexml

Air: Concentrations not exceeding 100 ng/m®, and usually less than
10 ng/m3, ashestos fibres are present in the general urban atmosphere
{Holt & Young, 1973; Nicholson & Pundsack, 1973; Sebastien & Bignon,
1974; Sebastien et al., 1976a; Selikoff et al., 1972a). However,
concentrations of 10-5000 ng/m? asbestos fibres have been reparted near
same factories using asbestos (Nicholson et al., 1975; Rickards, 1973).

Contamination of the air inside buildings can occur from damage or
erosion of asbestos-sprayed materials or from working with asbestos-
containing materials. Nicholson et ql. (1975) found, in 1% baildings
investigated, values ranging from 2-200 ng/m®., Sebastien et al. {1976a)
found levels as high as 800 ng/md.

In an elamentary school in the US with a spray-formed, domed asbestos
roof, ashestos fell intermittently to leave dust on the surface of the
fumniture, The intake filters of the ventilation system which recirculated
the school-yoom alr were clogged with ashestos fibres, and personal samplers
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on school children showed that up to 3.8 asbestos filwes greatar than
sminluqthperuaofd:mrredwiﬂﬁnﬂae-dml {US Department of
Health, Blucation and Welfare, 1972a; Young, 1972).

Levels of asbestos fibre contamination in buildings appear to be
related to the application process used on interior surfaces {Nicholson
et al., 1976). 'Dry’ processes, in which mo liquid is added to matrix
pinders, tend to deposit the insulation material as a loose 'fluff’.
This material disintegrates on touch and cannot withstand the abrasion
of air movement.

'melmgthsarﬂdimetersofasbestosfihresfou\dimidem
mildingsareshnilartoﬂmedacribedbyaﬂ:bsi}hang (1975) for
fibres sanpled in varicus work environments (Sebastien ¢t al., 1976a).
In both situations, the percentage of fibres with diameters less than
0.5 max\dwithla'bgtthreaterﬂBnS um was about 20% for amphibole
and 1% for chrysotile.

Table 10 indicates various exposure levels in the air to which
the general population may be exposed.

Table 10
Examples of exposwre levels in air?
Exposure Asbestos concentration (ng/m*)
USh Paris
Ambient air (urban) 0.1-100 0.1-10
Puildings sprayed 0.1-800 0.1-800
with asbestos
Near asbestos 10-1000 -
spraying
Near asbestos 10-5000 10-3000
factory .

3 pom Nicholson-et al. (1975) and Sebastian et al. (1976a)

The presence of asbestiform minerals in non-camercial deposits is
widespread in many geological formations; the fact that fibres can be
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releasadmﬁemdcsarecrusmdpmidesafmﬂwrmofomta—
mination (for discussion of other fibrous minerals, see section 3.3 d).
mthisregard,ﬂaemeofasbﬁtosmimtailmgsmmahmpmto
heminpmrtanthazardtothegmeralptblic,arﬂthemeofasbstos-
mntainim,qlnrried,cmslﬁdmdcmyalsoheapotsrtidﬂsk. This
wtimmmisedinarmtmmﬁtysmoflmgcamermwm
et al., 1976). Similarly, the use of asbestos stucco, employed as
cladding for buildings, may result in envirommental exposure. The
i:d.pientdangerfrmdismrdedasbesmsishﬂimtedbyﬂ:eﬁndjn;of
60-100 million asbestos fibres/m’ in the ambient air in the vicinity of
waste dumps (Barwood & Blaszak, 1974).

Water: Average concentrations of asbestos in drisking-water
ranged from 0.3-1.5 1g/1 as measured in eastern US river water
(Nicholson & Pundsack, 1973). levels of 2-173 million fibres/l were
gound in Canadian tapater, the hichest levels being found in unfiltered
tap-water near a mining area (Cunningham & Fontefract, 1971).

Levels of up to 12.46 ug/l chrysctile asbestos, as determined by
electron microscopy, were found in the Jumata and Comnecticut rivers
{(American Water Works Association, 1974). A study of the Great Lakes
andStImemeniverbywatexsmwedaveragemtratiamofabmt
1.7 million asbestos fibres/L. ILocations with higher counts were found
almwgﬂnmrthshoreoflahe&:periorbetmsilvermyardmluth,alom
the St Clair River, downstream from Montreal, ard in the asbestos mining
district in the provinoce of Quebec (Cook et al., 1974; Zielluis, 1977).

Food: The asbestos contents of food have not been well investigated;
ashestos filters and talc, which may ocontain asbestos as an impurity,
may be used in the manufacture of processed foods, e.g., suqr, vegetable
oil, lard and coated rice (Merliss, 1971; Wolff & Oetme, 1974).

Beverages: Asbestos £ibrils, considered to be chrysotile, at levels
of 13-24 million fibres/l have been found in samples of one type of
spirit probably filtered with asbestos filters (Wehman & Plantholt,
1974) .
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Biles & Bmersan {1968) and Cimningham & pontefract (1971) also
reported the occurrence of asbestos fibres in British, Canadian and
American beer {1-6.6 million fibres/l). ARsbestos fibres were found in
various sherries, ports, vermouths and soft drinks {1.7-12.2 million
fibres/1) (Cunningham & pontefract, 1971).

Pharmaceuticals: c:uysotileasbestoshasbemfarﬂinmmples
of parenteral drugs (range, 1-1000 ng/g) (Nicholson et al., 1972). In
the US 1o asbestos-containing or other fibre-releasing filter may ke
used in the manufacture, processing orpad(agingofmdlpromcts. unless
itismtpossibletomnufacureﬂntdmgpmmctorampmentwiﬂmt
the use of such a filter (Us Food and Drug Adwinistration, 1976) .

pental practice and dental school laboratories: Asbestos-containing
pericdontal packs are sometimes used after gingival surgery {(Infante &
Lemen, 1976). In dental schools, ashestos tape is usad to hold gold
that isheatedandthencastintonmldsdmingdenmllabaramrypro-
cedures . mismybeaputentialproblanaxﬂhasmtbemevaluatedby
adecuate industrial hygiene menitoring.

) Asbmtosinﬂaewﬁcmvixmtﬂ!t

Asbestos contamination of the air can be caused by spraying of
asbestos material either for fire protection or for decorative or
acoustical purposes; contamination was found to be high during the
application of sprayed mineral fibre (Nicholson & Pundsack, 1973).
AmrpariSG\ofasbestosmtIatimsinairuﬂerdiffermtdxcuTE-
mncesasneasu:edbyelectrmmi:msmpyisasfolm: near asbestos
spraying, 10-1000 ng/m?; during a milling operation, 105000 ng/m3;
in other occupaticnal exposures, 1000-> 100,000 ng/m® (Nicholson et al.,
1975).

Fibre concentrations in various asbestos-using industries in the
US prior to 1971, as determined by optical and electron microscopy, are
given in Table 1i.
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' Table 11

Concentrations of fibres in various asbestos-using industries
in US before 19714

Industry Range of means Rame of
(fibres > 5 um/ml) individual samples
(fibres > 5 m/ml)
Textile 0.1-29.9 0.0-143.9
Insulation 0.1-74.4 0.0-208.4
Paper packing and asphalt 0.2-13.6 0.0-1B.9
production
Cement shingles, mill- 0.1-4.4 0.0-16.6
board and gasket
Friction 0.1-14.4 0.1-32.4
Cement pipe 0.2-6.3 . 0.0-13.4

2 Prom US Department of Health, Blucation & Welfare (1972b)

ashes'tos sampling programmes do not at present, however,
attempt to discriminate between the various fibrous minerals present
in dust samples. Table 12 gives a comparison of the length distributions
of airborne asbestos fibres, as determined by electron miscroscopy, in
various industries in the US.

Table 13 gives the contents of asbestos fibres,by products ard
fibre type, in asbestos products produced in various FEC ocountries.

Ooccuypational exposure in situations other than the traditional
ashestos processes (mining, milling, factary production and handling of
asbestos products) has been shown to be of increasing importance. Such
exposures occur during end-product use, as among asbestos insulation
workers (Selikoff et al., 1964), among brake repair and brake mainte—
nance workers (lorimer et al., 1976; Rohl et al., 1976, 1977), an2 as
the result of indirect occupational exposures, particularly
in ship building and ship repair (Harxries, 1968, 1976}, and in the
construction industry. Other exposures oocur in relation to inspection,
repair and maintenance work on asbestos—containing structures and

37



http://www.mesohotline.com/what-is-asbestos/hazards-of-exposure/

Table 13
Asbestnsp:odwmarﬂtl'leirasbeswsmtmtsinEEmmtriesi

Product . Aporox., asbestos | Asbestos fibre
content (% wt.) 2

Asbestos-cement building products 10-15 C,A,Cr
ashestos-cament pressure, sewage and

drainage pipes 12-15 c,Cr,A
Fire-resistant insulation boards 25-40 A,C
Insulation products, including sprays 12-100 AC,Cr
Jointings and packings 25-85 c,Cr
Friction materials 30-70 c
Textile products not included above 65~100 C.Cr
Floor tiles and sheets 5-1.5% Cc
Moulded plastics and battery boxes 5570 Cc,Cr
Fillers and reinforcements and

ducts made thereof (felts, mill-

board, paper, filter pads for wines

and beers, underseals, mastics,

adhesives, coatings, etc.) 25-98 c.Cr

2 prom 2ielhuis (1977)

b, - amosite; € = chrysotile; Cr = crocidolite (not used in all
EBC countries)

Other dmmestic exposures, also widespread, are para-occupational
exposures fram household repairs and do~it—yourself construction using
asbestos-containing materials, such as asbestos cement sheets, plaster
fillers and wall-joining compounds (Rohl et al., 1975), furmace and
heating equipment cements and other repair materials, Such exposures
may increase as more and more householders undertake their own
maintainance xepairs.
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2.3 Detection of asbestos

Homdumsfcrthesanplingnndmamn*mentpfairhonnasbestos
dust by the menbrane filter method have been described (Asbestosis
Research Council, 1971a,b). These procedures have been evaluated in
detail by the Naticnal Institute for Occupational Safety and Health
(NIOSH, 1977). A report on inter-laboratory camparison of the counting
of samples cbtained by this method is given by Beckett & Attfield
(1974).

Phase contrast-optical microscopy is used in the routine examina~
tion of Aust samples because of its low cost and speed of performance.
Howerver , itcanprwideaﬂyanirﬂexotffibrepresemeam!ofthesize
andopticalpmpertiesofpartidesﬂmatmybemedtoidentify indi-
vidal fibres. The technique is limited, since only the largest fibres
in a sanple can be seen, and, when employed for identification purposes,
itiscmbarmmﬂ:equimmexpertmicmsccpisttointerprett}n
results.

X-ray diffraction technigues have been used to establish the
presence of asbestos, but they camnot differentiate between the fibrous
and non-fibrous forms of these minerals. Quantitative asbestos deter-
mination, using X-ray techniques, is complicated by the methods used for
sanple preparation and by the presence of minerals which may display
X-ray reflections in similar positions to those of the asbestos minerals
(Keenan & lynch, 1970; Rohl & Langer, 1974; Rohl et al., 1976). It
also requires the preparation of standards for calibration purposes.
Minimum detection levels of 2.0 § weight for anthophyllite, 0.25 & for
chrysctile and 0.1 % for tremolite have been reported in talc (Rochl &
Langer, 1974). The techniques require bulk samples which are not
available in most envirommental situations.

Differential thermal analysis has been used to determine chryso—
tile asbestos fihres in bulk talc savples tut has not been used for
envirommental samples. Differential thermal analysis, like X-ray
aiffraction, is not capable of differentiating between ashestos fibres
and their non-fibrous mineralogical polymorphs. A minimum detecticn
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Level of 18 chrysotile by weight has been reported in talc (Schelz, 1974).
This level of contamination has, however, rarely been cbseved in natural
talcs.

B:thtrmmissimandscalmingelectmnndcmsmpyhawbemusedto
jdentify and quantify asbestos fibres. The scanning electron microsoope
can give only morphological information, unless it is fitted with energy
or wave-length dispersive X-ray spectrometers with which microchemical
analysis of single particles can be performed; this technique was used
by Beckett (1973). Transmission electron microscopy is a much more
versatile technique, since with this method particle morphology can be
accurately cbserved and electron diffraction patterns are displayed
(NIOSH, 1977). Microchemical analysis of particles (electron microprobe
analysis) can be cbtained vhen the technique is used in conjunction with
X-ray analytical equipment (Jaurand et al., 1975- langer & Pooley, 1973;
langer et al., 1972a,b: Pooley, 1975). The latter technique allows the
oollection of morphological, structural and chemical data that allow
wnigque jdentification of all single sub-microscopic fibres that ocour in
the enviromment.
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral adninistration

Rat: Groups of 32 Wistar SFF rats were fed 100 mg/day Italian talc or
mmcmndianduymtileinmaltedmilkpmdermsays/ueekforloom
over a 6-month period; lemtxolswerefedmlymltadmilk. The
ueanlmgtl'sofsurvivalfmﬂ\estartoffeedinguereﬂldaysfor
those 'mulc,smdaysforﬂmegimdrysotilemﬂﬁudaysin
controls. Two gastric leimyosaromns‘aereobserved,linananiml fed
talcuﬂﬂlewlerinlfeddxrysotih. Nooe of these tumours occurred in
the controls (Wagner et al., 1977a).

Three growps of 25 male and 25 female 10-week cld Wistar rats were
either untreated, given 50 mg/kg bw/day asbestos filter material contain-
ingsz.stdzrysotilenbatosmid\mswadamdarﬂaddedasamte:
suspension to the diet, or given SOnMgmldayulcinﬁndietfar
life. In the group given asbestos filter material, the average survival
time was 441 days. mrarg4zanimlsavailable for study, 12 malignant
tumours with metastases were fond (4 kidney carcinamas, 1 lung carcincama,
3 reticulum-cell sarcanas and 4 liver-cell carcinomas). one g adencma,
2 cholangiomas, 2 papillamas of the forestamach and 2 mammary fibroadencras
were also cbserved. In the growp receiving talc in the diet, the average
gurvival time was 649 days; anng 45 rats examined, 3 liver-cell carcino-
ras and 4 mammary fibroadencmas were seen. In untreated controls average
survival time was 702 days; 2 liver-cell carcinomas and 5 mammary fibro—
adengmas occurred awong 49 animals. ’Iheircreased:i.ncidanceofnalignant
tumours in rats given asbestos £ilter material in the diet was significant
compared with that in controls (P < 0.01) (Gibel et al., 1976) [The Working
Grm:pmtedthattleexactcmpositjmoftheasbesws filter material was
ot givenl.
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(o) Inhalation

Mouse: Nordman & Sorge (1941) exposed 100 white mice to a high
o:ncer:mtimofduymdledtstfornms. After € weeks, asbestos
hodiasarﬂﬁbmsisuereobaervadintl'elmgsofalluﬂoe. and after
13 weeks about 50% had hyperplasia of the epithelial [cells|of the lungs.
Mcarcims\areseminmud.cesmivmgzmdays.

Lynch et al. (1957) exposed 8-week old AC/F) hybrid mice by
mhahtiontoammnrcialpmpantimofdmywdleasbesmsfcr
8-12 Iﬁtn‘s/daydeays/wed(foanmths. In animals killed at the
erﬂofem,ahiglﬁrincidﬂmofmﬂtiplepuhmryademmsm
observed in the exposed group (46%, 58/127), than in the controls (36%,
80/222) {This result is not statistically significant (¢ > 0.05)].

Rat: Gross ¢t al. (1967) cbserved tumours of the lung in rats
exposed repeatedly to a mean concentration of 86 mgy/m? chrysotile dust
for 30 hours/week. Twenty-five of 72 rats surviving for 16 mmths
(time of appearance of first tumaur) or longer developed 28 lung tumours
{17 adenocarcinamas, 4 sguamous-cell carcinomas and 7 fibrosarcomas),
whereas no such tumours occurred in 39 controls. The authors suggested
thattl'lepres«moeoftramnetalsfmthehamersoftmmuusedto
preparethefibrewasafactotinthei:ﬂwtimofthesemms.
lbuever,thissuggestimwasmtaxxfimadbysubseqmtewimts
(Wagrer et al., 1974).

Reeves et al. (1971) found squarous-cell carcinomas of the lungs
in 2 of 31ratsahid15urvivedexposuretocroci&olitefor2ymsata
concentration of 49 mg/m® for 16 hours/weck. Five rats in a grouwp of
40 exposed to chrysotile developed pulmonary adencmatosis, but no
malignant tumouwrs were cbeerved among rats exposed to either chrysotile
or amsite.

In a subsequent experiment, Reeves et al. (1974} exposed groups of
69 Charles River D rats to ball-milled crocidolite, amosite and chry-
sotile for 4 hours/day on 4 days/week for 2 years, at mean concentra-
tions of about 50 mg/m’. The results are given in Table 14.
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rable 14
Inhalation carcinogenesis from various forms of asbestos in rats®

Form of asbestos Nurber of tumours

None . None
Amosite 2 pleural mesotheliomas
Crocidolite 3 squamous-cell carcinomas,

Chrysotile 1 papillary carcinama and

1 squamous~cell carcinoma of
lungs and

1 pleural mesotheliama

2 rrom Reeves et al. {1974)

[It is important to note that these materials were camminuted by
vigorous mechanical milling (ball-milling for up to 240 hours), which
undoubtedly altered the fibre properties (Langer et al., 1977; Occella
& Maddalon, 1963)].

Reeves (1976) produced pulmonary tumours in rats with all three
major types of asbestos following exposures of 4 hours/day on 4 days/
week far 6-24 months to dust prepared by hammer-milling, at mean
concentrations of approximately 50 mg/m3. Exposure to chrysotile
yielded 2 lung carcinamas and a mediastinal fibrosarcama {a 58 incidence
of malignancy amopg surviving animals); exposure to amosite produced the
same 5% incidence of malignancy (1 lung carcincma, 1 filkwosarcoma and 1
mesothelicma); and exposure to crocidolite yielded lung carcinomas in 14%.
1t is interesting to note that optically visible fibre counts were 54
million/m®, 864 million/m® and 1105 million/m® for the 3 different types of
asbestos, respectively, indicating that vhile the atmospheric concentra=
tions were the sare in terms of weight/volume, the optical fibre counts
were dissimilar,

Wagner et al. (1974) exposed groups of (D Wistar rats to the five UICC
ashestos samples (amosite, anthophyllite, crocidolite and Rhodesian and
Canadian chrysctiles) at concentrations of about 12 mg/m® respirable dust
for 7 hours/day on 5 days/week, for several lengths of exposure:
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one day (7 yours), 3 ronths, 6 months, 12 months or 24 months. At the
aﬂofﬂemq:osures,memntofmmthelmgsofuﬁnnlse:q:osed
mﬂemdxrysotilesanplsmsmmssﬂmﬂmtinmﬁmlsm@csed
toﬂnﬂxraea@iholesmples. Mr,alltypesoffibmpm&\ced
asbestosis, vhich was pmgmsiwaftexramlfmnﬂedust. Further-
mm,mmmmmdﬂnlmgmfwﬂinﬂamntmlm,
carcinanasofﬂrelmgandmmﬂtlimsueredammtedinmegm\ps
e;posedtoCanadianduysotﬂeaﬂtoﬂwea@iboles. Only carcinomas
ofthelungwe:esam‘dthmmesmmlysotile {see Table 15). An

to each form of asbestos. E\maslittleasaedqnfexposm
-p:widin;theanimlsmdlcwedwsmviveandwexeobsened-
produced necplasia (see Table 16).

Wagner et al. (1977a)carparedrat5e:q:osedfor2yearstoawre,
mrfimesuetictalcuithamﬂ:ergro.pofntsa:pcsedtomperﬁne
chyysotile. Similar degrees of fibzosiswerefandineachgzotp. while
cneademcarcina!awasfurﬁinananinalexposedtodled\rysotile.

Other species: Growps of 20 rabbits, 32 quinea-pigs and 68 gerbils
were exposed to about 48 my/m3 balled-milled crocidolite, amosite and
chrysotile for 4 hours/day on 4 days/week for 18 months. No tumours were
seen: however, survival times after 18 mnths were not reported
{Roeves et al., 1974) . '

{=}] Intrapleural admninistration

Rat: mmmrcialtypesofasbestoshmpmducednesomeliunas
in CD Wistar rats (Wagner et al., 1973). A dose of 20 mg of the S UK
standard reference samples — crocidolite, amosite, anthophyllite, Canadian
and Fhodesian chrysotiles = produced various numbers of mesothelicmas
(Table 17} (Wagner et al., 197Ib).

Stanton & Wrench {1972}, using a dose of 40 mg asbestos dust on
gelatin—coated ¢ibre-glass pledgets, found that 3 of the UICC samples,
crocidolite, aosite ard Rhodesian chrysotile, all produced resothelio-
mas in about 608 of Osbome-¥endel rats. pylev & Shabad (1973) induced
17.5% mesotheliomas with 3 doses of 20 mg of a Russian chrysotile.
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Worbers of rats with lung tumours o

Table 15

ofubetmlﬂumljamhdml

Porm of ashestos | No. of Aderocarcincens Squarcus-ceil Mesctheliomas
animals carcincmas

Aroaite 146 5 6 1
Anthoghyllite 145 8 8 2
Crocidolite 141 7 9 4
Chrysctile

(Canadian) 137 1 6 4
Chrysotile

(Rdesian) 144 ¢ 18 11 o
None 126 ] 0 o
A rrom Wagoer ot al. (1974)

Table 16

Numbers of rats with lung

tomias!amofuﬂ:ummm#xmhtim!

sours or mesothalicres after varjous lengths of exposure

length of No. of Ho. with lung No. with pleural % of animals
exposure animals carcinoms mesothelicmns with tumoars
Nane 126 0 0 0.0

1 day 219 » = 2.3

3 months 180 ] 1 5.0

6 months %0 7 0 7.8

12 months 129 B 6 31.8
24 months 95 7 2 41.0

n
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percentage of rats developing mesotheliamas after intrapleural
ajministration of various materials®

Material % of rats
with nesothelicmas
SFA chrysotile (superfine

Caradian sample} €6
UICC crocidolite 6l
UICC amosite 36
UICC anthophyllite 33
UICC chrysctile {Canadian} 30
UIOC chrysotile {Rhodesian) 19
Fine glass fibre {code 100),

median diameter, 0.12 um 12
Ceramic fihwe, diameter,

0.51 ym= 10
Glass powder 3
Coarse glass fibre (code 110),

median diancter, 1.8 um 0

2 pyom Wagner et al. {1977b)
D yagner et al. (1973)

ponna (1970) also cbserved mesothelicmas in Sprague-Dowley rats treated
with a single dose of 67 mg of chrysotile, aosite or crocidolite.
cimilar results were cbtained by Reeves et al. (1971) with chrysotile and
crocidolite. Evidence that the response to chrysotile and crocidolite
was dose-related was provided by Stanton & wrench (1972) and Wagner et
al. (1973) (see 'rab]:e 18).

The suggestimhasbemmde that natural oils and waxes {Barington,
1962; Harington & Roe, 1965) and contaminant oils from milling of the
fibre (Roe et al., 1966) or £ram jute or plastic storage bags (Comins &
Gibbs, 1969; Barington, 1965) contributed to the incigence of pleural
turours. However, samples from which the oils had been ramoved gave very
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Table 18
lose-response data following intrapleural administration of asbestos to rats

Material Dbse No. of rats with Total no. 3 of rats feference

{mg) mesotheliomas of rats with tumurs
SFA' chrysotile 0.5 1 12 8

1 3 11 27

2 5 12 42

4 4 12 3

8 8 12 62

wa et al.
{1973)

Crocidolite 0.5 1 11 9

1 0 12 0

2 3 12 25

4 2 13 15

8 5 11 45
UICC-SRAS 1 2 25 8
crocidolite 2 5 23 22

10 11 27 41

20 12 25 48 Stanton (;9.,2

40 14 23 61 wWrench )
fand-~cohbbed 1 ] 30 13
virgin 20 10 24 42
crocidolite 40 18 27 67




~

‘simi].at' results to thoee cbtained with untreated fibre (Wagner & Perry,
1969; Wagner et al., 1973).

The fibre diameter, length and shape may be important. All of the
8 separate sub-samples which were pooled in the UICC Canadian chrysotile
reference sample (Timbrell & Rendall, 1971/72), when ground separately to
a finer powder, produced a higher incidence of mesotheliomas than did
the pooled sample. The highest incidence (691) was produced by 20 mgy
of a sepa.r.até, superfine chrysotile sample fractionated fram commercial
grade 7 asbestos by water sedimentation (Wagner et al., 1973). Using
UIOC crocidolite, Stanton & Wrench (1972) fourd that partially pulverized
material induced fewer mesothelicmas than did the standard, unpulverized
fihre. Prolonged grinding to fine sizes is known to destroy crystalline
structure (Langer et al., 1977; Occella & Maddalon, 1963). Stanton
(1973) showed that fibres of other materials, including glass, could
induce mesothelicmas, but only when the diameter was of the same order as
that of asbestos, when measured by light microscopy.

Other fibres, in addition to the UICC standard reference samples,
were inoculated intrapleurally into rats by Wagner et al. (1973). Meso-
theliamas oocurred in 18/32 animals injected with a sample of brucite
(nemalite, which may be contaminated with chrysotile), in 3/31 injected
with a ceramic fibre, in 1/30 injected with barium sulfate, in 1/35
injected with glass powder and in 1/35 injected with aluminium cxide. Mo
mesothelicmas oocurred in animals injected with a coarse glass fibre.

Wagner et al. {1977a), in a series of experiments to compare the
biological effects of a pure, asbestos-free cosmetic talc with those of
the superfine chrysotile asbestos used in previcus experiments,
inoculated 48 Wistar rats intrapleurally with each of the two dusts.
Eighteen of those receiving chrysotile developed mesctheliamas, but no
mesotheliaomas were seen in those given talc.

Further evidence of the importance of fibre diameter was provided
by Wagner et al. (1977b) who reported on rats injected intrapleurally
with glass fibre (Table 17). 7Two samples of glass fibre were used, one
with a median fibre diameter of 0.12 um and the other with a median
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aismetar of 1.8 wm. Four mesotheliomas were cbserved in 32 rats injected
uithtmfinexﬁbrea!ﬂminﬂnsegimtm“rserﬁbm. Algo, the
degmeofmsoﬂielialoellhyperplasiamsmrepmmnedintherats
injecwdwiththefiner fibre. 'meseresultsmeamparablewimﬂme
of the previous experiment.

chabad et al. (1974) peported that when 20 mg Russian chrysotile were
injected intrapleurally 3 tires into 67 cats, 31 developed mesothelicmas
within 2 years.

Hamster: In groups of 50 hamsters given a single intrapleural
injection of 1, 10 or 25 mg chrysotile, 0, 4 and 9 mesctheliamas
occurred, respectively; with 1 or 10 mg amosite, 4/50 hamsters developed
mesothelicmas at the highest dose cnly. UICC crocidolite, given at a
dose of 10 mg inducedmoﬁleliums.in 10/50 hamsters; 2 dose of
1 g induced mesctheliomas in 2/50 hamsters; UVICC anthophyllite
(10 mg) produced mesotheliomas in 3/50 hamsters (Smith & Bubert,

1974} .

Rabbit: Intrapleural injection of 16 my crocidlite into 13 rabbits
induced mesotheliomas in 2 eurviving 22-24 monthe (Reeves et al.. 1971) -

Q) Intratracheal injection

This tectmigue has been used to study co-carcinogenesis of chrysotile
asbestos with benzolajpyrene (BaP) in rats (IRRC, 1972; Pylev, 1972;
Pylev &Aﬁ':abad, 1973: Salk & Vosamde, 1975; Shabad et al., 1974) and
in hamsters (Miller et al., 1965; smith et al.. 1970).

Rat: Shabad et al. (1974) showed that intratracheal injection of
ZnQMimdmysotihmmich 0.1-1ingBaPua5adso:bad {3 times at
monthly intervals) orofzmmssiandxysotilemgethetwithSmgBaP
(single injection) produced lung papillamas, epidermoid carcinomas,
reticulosarcomas or pleural mesotheliomas in 6/21 and 6/11 rats, res—
pectively, within 9-28 months. No lung tumours or mesothelicmas
oocurred in 49 rat'sgivm3dosesof2mgduysoti1ealoneorin19 rats
givmasixgledoseofsmnal’alone, during, or up to, 28 months of
cbservation.
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Rameter: Swith et ol. (1970) showed that among 31 hamsters

receiving a total dose of 4.5 mg BaP plus 12 mg chrysotile over a period
of 12 weeks, 7 developed pulmonary adenomas, 7, pulmonary carcinomas, 9,
tracheal papillamas and 1, a laryngeal papillama. No lung tumours were
cbserved in 17 hameters receiving chrysotile alone, and only 1 pulmonary
carcinoma but 9 trachecbronchial papillomas were found among 38 hamsters

e Intraperitoneal administration

Mouse: Pott et al, (1976) injected 540 NRI mice intraperitoneally
with 2 or 6 mg chrysotile, crocidolite or glass fibre and abserved meso—
theligms, No mesotheliomas occurred in controls or in mice given
haematite.

Rat: Reeves et al. {1971) gave i.p. injections of 20 mg amosite,
crocidolite or chrysotile into groups of 11, 13 and 13 Charles River (D
rats, respectively. Three peritoneal mesothelicmas were cbserved with
chrysotile, 3 with crocidolite and none with amosite, after 7=17 months.

Maltoni & Annoscia {1974) injected 25 mg crocidolite intraperitoneal-
ly into 50 male and 50 female 17-week old Sprague-Dawley rats and
chserved 65 peritoneal mesotheliomas, 31 in males and 34 in females.

Pott & Friedrichs (1972) induced peritoneal tumours in Wistar rats
by i.p. injections of chrysotile and fibrous glass. Tumours were also
cbserved with crocidolite (Pott et al., 1976). The dosage and results
after i.p. administrations of several fibrous and granular dusts are
shown in Tables 19 and 20. '

After i.p. injection of powdered chrysotile (fibre lengths, 99% < 3um,
93% < 1 um and 60% < 0.3 m), ball-milled for 4 hours, the latent period
for the induction of tumours was found to be longer than after i.p.
injection of standard chrysotile (95% < 5 um). The rate of tumour
occurrence after injection of chrysotile was not distinctly influenced
by the addition of benzols]pyrene. In another group, benzolalpyrene
without asbestos induced tumours in 10% of the animals. Histologically,
the types of tumpurs cbserved were connected with structures of the
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fumours in shdomen and/or thorax after intraperitoresl injection of di flerent fibrove

Trole 19

or qranular duts in rats

Pust ._alv 1.p- e lectiv No. of deye Avirragh hats Tour type
doss rmber of bofore first survival time with
togy} disssctad [T T of rate with tonmrn
rate tumsurs (deys i e
efter injsction ﬂ
.m. m f
m . w ] m ] m i

VIOC Mhodeslan 4 2 » ()] 1 14,2 1 2 - - ] -

chrysntile 4
- [ 4 .5 B M 501 na Hn 3 - - - -
- 1 25 n m a9y 0.4 n 2 1 1 - -
. [} Ak 1 m ) 2% 54.5 1% 2 - - - -
" f Ix n 148 “ 1.8 - - 1 - - -

.. e

- H ax2s 3 400 09 2.4 ] 1 - - - -

wmi1led
falyqorscite 4 Inds 3 7 u "3 u b 4 - - - -
Glass [lbres t ] M "2 130 1.9 1 - - - - -

s+ 8 1M
- 4 10 » 50 5 11.1 1 2 - - 1 -
. 4 a2 17 197 &) .Y w ] - - - -
Cyptum f ands » 5P 3 5.7 - - ) ] 1 -
Homa ] i te { x5 M 245 s 718 17 | | - - - -
Actinolite q axs b3 J - - - - - - - - -
Blon it 5 axl ”n - - - - - - - - -
Hacwo b ite q L] 3 - - - - - - - - -

(precipit.} N
Fatrat | te 9 x5 » - - - - - - - - -

tmireral
fectolice ] L -] 40 549 559 2.5 - - - 1 i }
sanidine 4 in 23 » m 7y 2.6 - 1 - - - -
Tale ] dn3s » 07 L o 2.1 1 - - - - -
Ratl (contrel) - [ 72 - - - - - - - - -
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Tumours in abdomen and/or thorax after intraperitonsal injection of glass fibres,

Table 20

crocidolite or corundum in rats®

Dust Pme- I.p. Effective No. of days Averace Rats Tumur type
dowe numbar of before first survival time with
{mgl dissected tumour of rats with e
rats tumours (days [£3] =
after injection) 5 = " g
A a E ]
AL ARIEL:
15312
Glass f[ibres
My 104 f b4 I 421 703 7.4 17 - 1
. f 10 77 210 612 53.2 % 3
" f 225 " 194 67 71.4 47 - -
Glans fibres
MN 112 £ 20 7 390 61% 37.8 12 I3 1 -
Crocidolite £ 2 3% 452 151 .5 12 ) - 2
Corundum ) x5 7 54% 799 Nl 1 - 2 2
A pros Pott el al. (1976); 2 f, fibrou; g, granular; € Mot eveluated in turour rates
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Table 21
Suwmry of most relevant animal experiments

Reference rindings Aniral species Dowscge Type of fibre
A, ORAL
Gibel rt al., 1976 With sebestos filter meterial, 12/42 Groups of 50 Wistar 50 mg/kg bw/day Asbestos fllter

wagrer ot ol., 1977a

B. INUALATION
wmnch ot ), 1957

animals with mlignant tumours

{4 xidwy carcinamas, 1 luy omrei-
nams, 3 reticulum-cell ‘sarcomes,

4 liver—cell carcincras)

With tale, 3/45 rats with liver—cell
2 liver-oell carcinomss in 49
controls

2 gastric le ylina
rat fed chrysotile and 1 in a rat
fed talc

MNone in oontrols

Pulmonary adencmas in 46% (59/121

rats

Croups of 32 wWistar
rata

/¥, hybrid mice

admdnistered in
the diet for life

100 my/day on

5 deys/wesk for
100 days over &
¢-month pericd

150-300 million

of chrysotile-axposed group ard in particies/mt

6% (80/222) of controls B-12 hr/dmy on
5 days/weex for
17 months

material
aontatning 52.6%
chrysotile,

talc

Chrysotile,
tale

Chrysotile
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Peference Findings Animal species Type of fibre

Gross -t al., 1967 25772 rats surviving 16 months or longer | Rats 80 my/m!, 30 hre/ Chrysotile
developsd lung tumours (17 adenocarci~ weak
nomas, 4 squmous-cell carcinores, 7
f ibrosarcomes)
N such tmowss i 39 controls

fmeves ~t ui,, 1971 2/31 rata developed carcincwas of the Tats 19 mg/m', 16 hre/ Crocidolite,
lung after crocidolite exposure wesk for 2 years chrysotile,
5/40 rats developed sdenceatosis afver avoslite
chrysotile expowurs

Reeves ! a/., 19 5 lung carcinamas with crocidolite, Groups of 69 Churles 5 my/n?, 4 e/ Crocidol jte,
2 1ung carcinomes and 1 pleural meso- River CD rats day on 4 days/ chrysotile,
thelicks with chrysotile and 2 pleural week for 2 years arosite
mesothelioms with awosite

vagoer ! al., 194 Asbestosis produced with all types of 0 Wistar rats 12 my/m?, T hes/ 5 vICC
flbrws day on 5 days/ ashestos sanples
1 cancer mesothelicme filre weak fox 1 day, 3,
I%T——Tﬂn__miu 6, 12 or 24 months

Roeves, 1976

ragrer ot af., 19778

16/145 27145 anthophyllite
16/141 4/141 crocidolite
113 4/137 le
(Canadian)}
30/144 0/144 le
(Rhodesian)

With crocidolite, 14%v incldence of
malignant turours of the lung

With chrysotile, 5V incidence of
malignant tumurs of the lung and
mediastinum

wWith amosite, 5% incidence of malignant
tumours cof the lung and pleurs

1 aderocarvincmm of the lung with
syperfine duysotile in 24 rats
exposed for 12 ronths

D Hiatar rate

50 my/m’, 4 hre/day
on 4 days/week for

10.3 mg/m?, 7.5 hrw/

dayon 5

days/week
for 3, 6 or 12 monthe

Crocidolite,
chrysotile,

acsite
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Reference Findings Aival species Domace Tyre of Fibre
C. INTRAPLEURAL
Dorew, 1970 Mepotheliomas Spraque~-Dawley rats 687 my Chrysotile,
amaite,
crocidolite
Reeves L nl,, 1971 1/3 mascthelioma with crocidolits, Fats 10 my Crocidolite,
2/12 mesotheliomas with chrysotile chrysotile
Aeeves ri al,, 1971 2/130 mesothel lomes Rabbit 16 my Crocidolite
Stanton & Wrench, 1972 Mesothelioms in 60 of rate Osborne—Mandel rats 40 mg Crocidolite,
amosite,
fthodesian
chrysotile
Pylev & Shabad, 1973 Mesotheliomas in 37.5% of rats Rats Ixlomg Russisn chry-
! sotile
Stahad ¢ al., 1974 11/67 mesothelicomas within 2 ywars Rats 1x20m fussian chry-
sotile
Smith & Hubert, 1974 Chrysotile, 1 ng, 0/50 mescthelioms | Groups of 50 hamsters Single dose of 1, 10 Chrysotile,
10 mg, 4/50 mesothelicmas or 25 mg chrysotile, | anosite,
25 mg, 9/50 masothel iomay 1 or 10 my amosite, crocidolite,
Aosite, 1 mg, 0/50 mesctheliomas iiot:'lgr":ucm"dm' anthophyllite
10 mg, 4/50 mesctheliomas anthaghyllite
Crocidolite, 1 my, 2/50 mesothelicmas
10 mg, 10/50 mesothellomas
Anthophyllite, 10 mg, 3/50 mesothelioms
Wagner ot al., 1977a 18/48 mesothelioms with chrysotile, Group of 48 Wistar 0 my Chrysotile,
0/48 mesotheliomea with talc rats tale
wWagner ¢ «i., 1977b 611 mesotheliomas with crocidolite, CD Wistar rats 0 mg 5 yroc
36t mesotheliomas with awowite, asbentos
4% resctheliomas with anthophyllite, sanples

308 mesctheliomas with Canadian
chrysotile,

* 19y mesothelicmas with fhodesian

chrysotile
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Reference

Tindings

Animal species

Dosage

Typa of fihre

D. INTRATRACHEAL
Smith ¢t al., 1970

Shabad «t al., 194

E. IRTRAPERTTUMEAL
Reeves at al., 1971

Pott st al., 1972

Maltoni & Annoecia,
1974

Pott «t al., 1976

F. SUBCUTREOS
pott et al., 1976

7 pulsmonary adencmss, 7
carcinomes, 10 trachecbronchial
papillomas anong 31 hamsters

Lang pepillcmas, epidermoid

carcincmas
reticulosarcomes, pleural mesothelicres

in &/21 and

6/11 rats within 9-28 sonths

After 7-17 months,

3/11 peritoneal mesctheliomas with
chrysotilas,

3/13 peritoneal wesothelicms with
crocidolite,

0/13 peritonaal mescthelicmas with
amosite

400 tumour's

31/50 mesothelicmes in males,
34/50 mesotheliomas in females

16% tuwours
T7% tuwours
81V tumours
558 tunours
9% tumurs

1/3) locel tumours

Rats

Charles River CD rats

Wistar rate

Grons of 50 Sprague-
Dawley rats

Vistar rats

Wistar rats

12 mg chrysotile +
4.5 my benzola lpyrene

2 my Russian chryso-
tile with 0,144 mg
benzo{c lpyrens 3
tires at mnthly
intervale

2 mg Rasian chryso-
tile + S mg benzo~
{a ipyrene (zingla
dose)

20 my

100 mg

Chrywotile

ruasian
chrysotile

Mvosite,
crocidalite,
chrysotile

ile,
milled to
99% < 3 um
Crocidolite

UICC Fhodesian
chrysotile

UIXC crocidolite

UICT Fhodesian
chrysotile
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abdominal wall, including the serosa, and, in isolated cases, with those
. of the intestinal wall (Pott et al., 1972).

{f) Subcutaneous administration

Rat: Pott et al. (1976) cbserved a gingle local tumour after s.c.
amﬁ.nistratimofTSngmndesianduwailetDBBWistarnts.

3.2 Other relevant bioclogical data in animals

(a) Retention

The penetration and clearance of radioactive UIXC crocidolite has
been studied in rats. Of 35% of inhaled crocidolite deposited onto
yespiratory tissues, apprmdmbelyhalflpdgadintl-empe:aimysarﬂ
uasclea:adtnﬁaegastxointestﬁaltnctwidﬁnanm. The remainder
inlmgsarﬂtradxeawasrdmdafterwaaystontofﬂmeiniml
value (Evans et al., 1973).

'meretentimofdiffermttypesofasbatosinmts following
aq:osu:etothesarrecmcmtratimsofmspirablednstmsdscribedby
Wagner et al. (1974). For the amphiboles, there was a similar pattern
wiﬂamahmstp:antionalincreaseoflmgdustwithdose. Mxch less
dustmsfumdforﬂﬁd\rysotiles,a:ﬂmincreaseofdwtmntentvas
ghown in the lungs. Mtinﬂnlm:gsofanmlswithﬁmnths'aq:osm
had been partially cleared 18 rcmthsafterthei.rmahtimperiod. About
74% of the mwsite and crocidolite and 41% of the anthophyllite were
eljminated. The elimination rate of chrysotiles could ot be determined
exactly, because of their low occurrence in the lung (Fig. 1).

() Migration of fibres from sites of entry

The question of whether ashestos fibres can move from their site of
pri::arydepositiminthebodyandixﬂucecancuntoﬂiersitesisstiu
a vexing one. Volkheimer (1973, 1974) and Schreiber {1974) have reported
that particles and plant fibres ingested by experimental animals and man
can penetrate the wall of the gastrointestinal tract and be transported
throughout the bady . possibly appear:ing in the urine. Westlake et al.
{1965) fed a diet containing 6% chrysotile to rats and reported that the
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Figure 1. Effects of inhalation of agbestos in ratsfl
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animals had fibres in the wall of the colon. Cumningham & Pontefract
(1973) performed a similar experiment and reported that asbestos fibres
appeared in the blood and various tissues. The more recent report by
Gross et al. (1974) concluded, however, that there was no satisfactory
evidence fram their study of transmigration of fibres outside the gastro-
intestinal tract.

In stiudies in which chrysotile, labelled intrinsically with radio-
active trace metals by neutron irradiation, was injected intrapleurally
into rats, Holmes & Morgan (1967) found evidence for passage of a amall
amount of the fibre from the pleural cavity and lungs into such other
organs as the liver: after intrapleural inoculation of chrysotile into
rats, as much as 22% of the administered dose was found later in the
liver (Morgan et ql., 1971). In a similar experiment, Morgan et al.
(1971) reported that a population of radionuclides, consistent with that
mcpectedmthebasisofﬂ\elabelleidnysotile,uasfaxﬂinﬂmeheart,
lungs, diaphragm and chest muscles.

Karacharova et al. (1969) and Friedrichs et al. (1971) found scme
evidence for movement of asbestos fibres from an intraperitoneal site
of injection into various tissues of the rats used. The latter group
of investigators reported that movement was inversely related to the
length of the fibre, becoming essentially zero for fibres 20 um or more
in length.

Intravencusly-injected asbestos is found mostly in the liver and
lungs in rats (Cunningham & Pontefract, 1973); chrysotile injected
intravenously into pregnant rats crossed the placenta and appeared in
the livers and lungs of the foetuses (Cunningham & Pontefract, 1974).

{c) Assocciation of scarring with tumour develoment

In early experiments, it was demonstrated that guinea-pigs and
monkeys exposed to the four commercial types of asbestos developed
fibrotic lesions of the lung and pleura similar to those seen in human
cases of asbestosis (Holt et al., 1965; Vorwald et al., 1951; Wagner,
1963). In more recent experiments, this finding has been confirmed in
rats and hamsters (Smith et al., 1970; Wagner et al., 1974).

60




[

() oOther experimental svstams

Several authors have demonstrated the cytotoxicity of asbestos
fibres in in vitro systems. This toxicity is thought to be due to the
interaction of fibres with plasma membranes. Beck & Bruch (1974) and
Beck et al. (1971, 1972) investigated the effecte of chrysotile and
glass fibres on L-cells and peritoneal and alveolar macrophages in vitro.
They demonstrated, by electron micyoscopy, incomplete phagecytosis,
disunhedpemabilityofcellmbmsmdlossofmactivity.
Powdered chrysotile or glass fibres had more effect on the cells than did
mx;uﬂhrﬁﬂ- fibres.

Allisom (1973) detected two types of cytotoxic effect: an early
effect due to interaction with the plasma membrane and a late one due to
an interaction of ingested asbestos particles with the membranes arcund
secondary lysosames. Interactions of asbestos particles wi th macrophages
and mesothelial cells are similar, but there is less effect with fibro-
blasts. Asbestos was found to be cytotoxic for malignant P3SEDL cells,
which have macrophage-like characteristics (Wade et al., 1976).

The induction of interferon by influenza virus wes depressed in
ashestos-treated monkey kidney-cell monolayers. This also suggests that
ashestos fibres act on cell membranes (Hahon & Eckert, 1976) .

Sincock & Seabright (1975) reported that chrysotile and crocidolite
asbestos dusts in concentrations of 0.01 mg/ml induced chromosamal
aberrations in cultured Chinese hamster cells; these changes were not
chserved with glass powder or glass fibre of 2 um diameter. Chromosamal
aberrations were found in 30% of cells exposed to glass fibres of less
than 2 wn diameter (Sincock, 1977).
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3.3 Case reports and evidemiological studies

(a) Occupational exposure to commercially exploited sources

Historical backgqround

In 1935, over one-half a century since asbestos began to be used in
industry, suspicion of an association between asbestosis and lung cancer
was reparted by Lynch & Smith (1935} in the USA and by Gloyne {1935) in
the UK. About 10-15 years later, case reports of necplaams involving
pleural tumours associated with ashestos exposure appeared (Wedler,
1943a,b; Weiss, 1953; Wyers, 1946}, and a peritoncal tumour was
reported in an asbestos worker by leicher (1954). Epidemiclogical evidence
fram Doll {1955) showed a ten-fold excess risk of lung cancer in those UK
asbestos textile workers who had been enployed before 1930 and for 10 or
more years. Mesotheliomas were reported to occur in miners of crocidolite
and in non-mining populations in the region of the mines (Wagner et al.,
1960) . Similar findings were reported in the USA, where lung tumowurs and
mesotheliomas were reported in asbestos workers (Mancuso & Coulter, 1963;
Selikoff et al., 1964). Possible variations in risk with different
types of fibre were rarely comsidered in the early reports; however,
Selikoff et al. (1965) did so in one paper. 1In 1964, the UICC Working
Group on Asbestos and Cancer (UICC, 1965) made a nurber of recammendatians,
and in the last decade there has been an expansion in the nuwber of
epidemioclogical studies in many parts of the world.

Fpidemiological stidies

(1) Iung cancer, pleural and peritoneal mesctheliomas

Mixed types of fibre: In most industrial enterprises different
types of fibre are used, so exposures to a single asbestos type are
urusual.  Mortality studies of asbestos manufacturing, insulating and
shipyard workers have provided the most concrete evidence concerning an
association between lung cancer, pleural and peritoneal mesothelicmas
and exposure to asbestos., Reports have came from several countries:
the Federal Repablic of Germany (Bohlig et al., 1970); Italy (Rubino
et al., 1972); The Netherlands (Stumphius, 1971); the UK (Elmes &
Simpson, 1971; Newhouse, 1969); and the USA (Selikoff, 1976a; Selikoff
et al., 1964, 1970).
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The studv of Doll (1955), continued lw Knox et al. (1968) and
then by Peto et al. (1977), has demonstrated that there is a 2-3-fold
excess of lung cancer in those workers first ewployed between 1933 and
1950 and in those first exposed in 1951 or later. A seven-fold excess of
lung cancer was found in a group of insulatior workers exposed to chryso-
tile and amosite but not to crocidolite (Selikoff et al., 1973). Enter-
line et al. (1972) reported a 4.3-times increased risk of respiratory
cancer mortality among maintenance service workers and a_l.7-times
increased risk among production workers whe had reached retirement age
and had been exposed to mixed asbestos fibres. Among men in the asbestos
cement industry with mixed exposures to crocidolite and chrysotile, the
rate was 6.1 times that expected (Enterline & Henderson, 1973).

Enterline #¢ al. (1973} suggested that there is no dirvect dose
response for respiratory cancer below 125 mppcf—years, but this sugges-
tion was challenged by Schneiderman (1974).

Harries (1976), De Lajartre et al. (1976) and Biava et al. (1976)
have shown that there has been a steep rise in the incidence of mescthe-
Hamas Bince 1962. Edge (1976} reported that shipyard workers with
pleural plagues who had mixed exposure to ashestos (without evidence of
pulronary fibrosis) have a 2.5-times increased risk of developing carci-
ncma of the bronchus, when compared with the general population; further-
more, 17 of 70 deaths among the 235 men under cbservation between 1970-74
were due to mesotheliama. In a second group of 156 men the same auvthor
showed a 2.6-fold increased risk of carcinamas of the bronchus in former
shipyard workers whoe had pleural plaques as canpared with controls without
pleural plaques.

In a study of 2 cohorts of sheet-metal workers who had worked
for 5 or more years between 1950 and 1970 in the construction industry and
who had measurable and mixed asbestos exposure, Cooper et al. (1975)
observed an excess of deaths due to malignant necplasms (24.8 and 26.5%
of total deaths in the 2 cohorts, respectively, comared to 19.1% of
deaths in a group with death claims; 14.6% and 16.2 would have been
expected in US males in 1959 and 1967, respectively). This
increase was attributed largely to an excess of malignant tumours
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of the respiratory tract. Of the 307 deaths in the first whort, the 32 °
1ug cancer deaths were significantly in excess (1.7 times) of the number
expected. One pleural mesotheliama was observed.

.

In a study of 689 asbsstosworkersaq:oseﬂtomixedfihres fer
20 years and observed during 1958-75, 35 lung cancer and 26 plewral or
peritoneal mesotheliomas were observed among 274 deaths (Nicholson et al.,
1977) .

Newhouse {1969, 1973a) and Newhouse gt al. (1972) showed that
the cancer risk following mixed exposure of factory workers to chryso-
tile, amosite and crocidolite is dose related. Those workers reported
to have had heavier exposures {as judgedbythe.i:occ\patims) showed
an excess of lung cancer {6-£01d for men, 12-fold for waren) after 15
years, mereasﬂnsewithmde:atecrlowa;poswesmqtﬁmdzswrs
tn demonstrate an excess. 'I‘!':erateofnesothelimmcmasedwithboth
ﬂxeseverityaxﬂmelmgthofexposm; 22nesctl'elimasum'ecbserved
in those exposed for less than 2 years {Newhouse & Berry, 1976) .

A3diticnal confixmatory evidence of the association between
umﬂ:enanasandp:stexposremasmtosmresfmminstitutes,
departments of pathology and cancer registries in, e.g., Australia
(Milne, 1976); the Federal Republic of Geymany (Bain et al., 1974);
Finland (Rurminen, 1975); France (De Lajartre et al., 1973); the German
Democratic Republic (Sturm & Bittersohl, 1975); Ttaly {Gobbato & Ferri, 1973;
Puntoni et al., 1976); The Netherlands (Zielhuis et al., 1975); South
Africa (Webster, 1973); ard the UK (Greenberg & Lloyd Davies, 1974) .
These studies have shown an association between asbestos and mesotheliama,
some with exposures as brief as one day; however, in approximately 15%
ofnmoﬂ:elmcassmevidenceofmrposmetoaswtoswuldbe
ascertained. Three studies (Greenberg & Lloyd Davies, 1374; McDonald
et al., 1973; Newhouse et al., 1972) showed a poor correlation between
certified cauvse of death and histological diagnosis of pesothelioma.

The reported ratio of pleural to peritoneal tumours varies
widely in different studies; peritoneal tumours appear to be associated
with heavier exposure (Newhouse et al., 1972; selikoff et al., 1970).
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Nrong a nunber of occupationally exposed groups studied, approximately
£-10% of daaths have been due to mesothelioma (Gilson, 1973; Hammond

& Selikoff, 1973; Selikoff, 1976a). More recently, however, an estimate
has projected that the deaths of between 8-11% of former asbestos
workers from a particular factory in the UK will be due to mesothelicma
(Newhouse & Berry, 1976).

Martischnig et al. (1977) found that 58 cut of 201 men with
lung cancer admuitted to a thoracic surgical centre gave, after careful
questioning, a history of exposure to asbestcs, canpared with only 29
of the matched controls, although none were ostensibly 'asbestos workers'
and none had evidence of asbestosis.

Analyses of lung parenchymal tissues cbtained from men employed
in the Canadian chrysotile mining industry who had been clinically diag-
nosed as asbestotic have shown the presence of tremolite and other
amphibole fibres, often in excess of chrysotile (Pooley, 1976). The
analyses illustrated that the presence of amphibole fibres in cammercial
chrysctile material may be involved in the etiology of subsequent disease
from exposure to dust arising from chrysotile materials.

Individual types of fibre

Crocidolite: In 1956,Wagner started investigating the occur-
rence of pleural mesotheliomas in the crocidolite mining areas of the
North-west Cape Province in South Africa. It was shown that these
tumours oocurred in the non-mining population living in the vicinity as
well as amng men working in the mines, mills and in the transportation
and handling of the fibre. Asbestosis was present in 8/33 cases. The
latent period between first exposure and clinical recognition of the
turour was long - a mean of 40 years (Wagner et al., 1960). Subsequent
surveillance of the mining population in all the asbestos-producing areas
of South Africa has demonstrated that mesotheliomas occur chiefly in
the crocidolite mining areas of that country (Harington et al., 1371;
Webster, 1973). The mining of crocidolite in north-west Australia has
been associated with mesotheliomas (Mciulty, 1962). Jores et al.
{(1976) have reported a high incidence of mesctheliamas among women who
worked with crocidolite in a factory producing gas-mask canisters during
world wWar II. 65
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Chrvsotile: McDonald et al. (1973, 1974} reported that the
overall death rate among 11,572 workers born between 1891 and 1920 and
cbeerved from 1945 omwards and employed in the chrysotile mines and mills
QfQuebechvimewaslmertlnntlutforﬂ:epmizmasnm:le.
}baever,anincmasedriskoflmgcameruasfmrﬂ. The authors
cmsidemﬂunttrmemnmohadbaenmsttmvﬂya@sedtot}easbes-
tos dust showed about a S-—foldriskcnrpareduithﬂmtofﬂmeleast
exposed. Of 1270 deaths that had occurred in this group vp to the end
of 1969, 134 were due to respiratory cancer, 129 of which were lung
cancer and 5, pleural mesothelicama. More recently, the authors (Mchonald
& McDonald, 1976) hawobservadJBBBtotaldeat}smlgmlesmtDDn,
ofvhid:ZZdwemduetolun;canceranthomﬂ\enm. The authors
suggest that the mesothelicma mortality in the Quebec chrysotile industry
asavtnleuasgreaterﬂnnﬁmtexpectedonthebasisofmgimal
mortality data. The ratio of lung cancer deaths to all deaths occurring
in the four years 1970-1973 is 14%.

Fogan et al. {1972) investigated the cancer mortality among
workers in asbestos mining and milling industries between 1948 and 19€7.
The total cancer mortality rate among workers was 1.6 times higher than
in the gereral male population; for femle warkers the rates were 0.8
for. those in mines and 1.3 for those in mills. The lung cancer risk
for male miners and millers was two times that of the general male popu-
lation. For females in mines and mills the risks were 2.1 and 1.4 times
that of the general female population, respectively. For those workers
over 50 years of age, the lung cancer risk wes greater: for men in
mining, 4.9; those in milling, 5.9; far wamen in mining, 9.5; and for
wamen in milling, 39.8 times that in the general population. No meso-
theliomas were reported. The numbers of people in the study populations
were not reported.

Wagoner et al. (1973) reported on the cancer risk among a cohort
of workexs in a major manufacturing complex utilizing predominantly chry-
sotile ashestos in textile, friction and packaging products. An excess
of respiratory cancer occurred among ashestos workers in each duration-
of-employment category down to and including 1-9 years. They cbserved
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a statistically significant rtamdard mortzlity ratio of 122 for all
malignant necplasme and 244 for malignant necplasms of the respiratory
system. The asbestos workers in this stuiy were located in an area of
predminantly Dutch Amish population with known low frequencies of

Enterline & Henderson (1973} found that for retired men who
hadmrkeduprmmimwmintam&rplwea in the asbestos
industry and who had reached 65 years of age, those who had been exposed
only to chrysotile had a respiratory cancer risk 2.4 times that expected.
Amcng men within the asbestos cement industry exposed only to chrysotile
a 1.4-fold excess of respiratory cancer was found. Of 822 deaths, for
which 802 Geath certificates were found {including those for workers
exposed to amosite or mixed fibres), only one mesothelioma had been
recorded (Enterline et al., 1972). In contrast, a subseguent investi-
gation by Borow et al. {1973) found 72 cases of mesothelioma in one plant,
dseredmysoulemsﬂ:emnfmw The discrepancy may have been
due to methodological variations; for instance, Enterline et al. (1972)
had limited their investigation to men of age 65 or over, while many of
the resothelioma cases Ly Borow et al. (1973) had died before
that age.

Amosite: Exposures to amposite in a factory meking insulation
materials were reported by Selikoff (1976a). Ten mesotheliomas were
found, and there was an increased risk of lung cancer in workers followed
up for 20 years or longer. The excess lung cancer risk in the anosite
workers was shown to increase with duration of employment. There was a
3.87-fold increase in lung cancer among those with less than three
months’ enployment.

In a retruspective study of 914 men who had worked for various
periods of time during World War II in a plant manufacturing insulating
materials from amosite for the US Mavy, Seidman et al. (1977} reported
that the group of 65 men who had worked for less than 1 month had an
excess mortality from lung cancer (but not from all cancers or all
causes) which became discernible only 30 years after the exposure.
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Excess mortality from lupg cancer and all cancers that showed up after
progressively shorter intervals after the exposure was reported in men
vwho had work:@ for pericds ranging from 1 month to more than 2 years,

Anthochyllite: In Finland, anthophyllite mining has been
associated with an excess lung cancer risk of 1.4; the risk is 2.7 after
allowing for smoking habits in workers with more than 10 years' exposure.
Iheremsalsoahigharprevalmofdyspméaandw:ghinﬂenﬁmrs.
No mesothelicmas were found (Meurman et al., 1974). The ocowrrence in
Finland of an unusually high incidence of pleural thickening and calci-
fication, as detectad by radiographical and pathological surveys, has,
however, been reported (Kiviluoto, 1960; Meurman, 1966).

(ii) Other cancers : Epidemiological stuidies have consistently
ghown an excess risk of other cancers, especially of the gastrointestinal
tract, following exposure to mixed fibres (Elmes & Simpson, 1971; Enter-
line, 1965; Bammord et al., 1965; Xogan et al., 1972; Mancuso & El-
Attar, 1967; Newhouse, 1973b; Nicholson et al., 1977; Seldkoff, 1974;
Selikoff et al., 1964), to amosite (Selikoff, 1976b; Selikoff et ai.,
1972b) or to chrysctile (Wagoner et al., 1973). However, such risks
have been less than that for lung cancers. Schneiderman (1974}, analysing
data from the literature, came to the conclusion that 'increased exposure
to inhaled asbestos particles leads to increased digestive system cancer'.

Stell & McGill (1973) found that of 100 men with squamous—cell
carcinomas of the larynx, 31 had known exposure to asbestos, compared
with only three in matched controls. Similar associations have been
reported by Morgan & Shettigara (1976) and Shettigara & Morgan (1975).
Newhouse & Berry (1973) found two cases of cancer of the larynx (ICD 161)
in their cochort of over 4000 workers, compared with an expected inciderce
of 0.4.

The incidence of orvpharyngeal cancer also appears to be
increased among asbestos workers (Selikoff et al., 1970); however, these
cancers occyr relatively rarely in relation to other asbestos cancers.

(iii) Multiple primary cancers : Multiple primary tumours have been
reported in 5 shipyard workers exposed to asbestos; 2 had both a lumgy
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darci:niaandamlmcand:muﬂ3had2distinctp\ﬂmnmxyca:ci¢utas
each (Dohner et cl., 1975).

(b) Smoking and occupational exposure to asbestos

Inmststudiesofﬁsbestosurkers,ﬂhghabitshave_mtbem
known. Selikoff et al. (1968) ﬁ.rsttnokaccomtofm:kixgarﬂ
calaﬂatedﬁntasbesmsmrkmwnmradstimﬂ)elmmgm
riskofdlotm:mdmsaﬂszﬁnesﬂnﬁskofmn—smnmdid
not work with ashestos, This study has been contirued and the data
interpreted as being consistent with a miltiplicative (synergistic)
effect of the carcinogens, smoking and asbestos (Doll, 1971; Eamond ¢
Selikoff, 1973), a view supported by ancther study {Berry et al., 1972).

Smeoftlnahavesuniesandrecentshﬂiesfmmam (1977) ard
of Martischnig et al. (1977) are consistent with the occurrence of an
iawreasedriskan:gmr—mnkers,michis, however, of a lower order of
magnitude, SrokingMSthfourﬂtoheassociabedwithanin&eased
riskofnmaﬂaeliumsorcarmrsofﬂlestamd:,mlmandrecmn,mich
occur with equal frequencyamngsnokinguﬂnm-srddngashestosmrkers.

(e} Bon—ocoupational exposure to comercially exploited sources

Household contact with ashestos is associated with an increased risk
for mesothelioma. Mesotheliamas have oocurred in household contacts and
in pon-oocupationally exposed individuals living in the neighbtourhood of
industrial sources of asbestos (Bchlig & Hain, 1973; Newhouse & Thampson,
1965; Wagner et al., 1960). Anderson et al. (1976) have recently reviewed
37 such cases of mesothelicma from nine countries and reported 4 new cases
among family contacts of asbestos workers. Studies of the geographical
distributionofcasa;ofnm—wmpatiomlmsoﬂmeliamsint}euxovera
2-year period indicate that the new cases are nearly all from areas in
which there has been a recognized industrial source of asbestos {Greenberg
& Lloyd Davies, 1974). .

Results have been reported among non-occupaticnally exposed persons
in Finland living mereianthophyllite asbestos is mined. In this study,
118 of the total of 126 cases of roentgenologically diagnosed pleural
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calcification, excluding those individuals with haemothorax, empyema and

tuberculosis, lived or had lived in areas immediately adjacent to asbestos
. mines (Kiviluwoto, 1960). The results of this study suggest a health
hazarﬂduetombimtcmmmityaq;osmtoasbesms.

d E:mosuretoasbestifoxm“ﬁmralsm:ﬂnnmimd asbestos

A nuber of fibrous minerals otherthantheasbestoswrietiﬁexist
in nature. mofﬂmemrumumaluxxtmﬁmtsofzodtsarﬂom
midiarereleaseddm'immi:ﬁng,miumgormming {See also sectians
1.2(a) and (b) and Tables 3 and 4). For exaple, talc may be contaminated
with asbestiform (fibrous) tremlite, anthophyllite and chrysotile, in
totalmatia:sgreatﬂﬂmnttmtoft}eulcmhml itself (Kleinfeld
et al., 1973, 1974; FRaohl & langer, 1974). Bxoess deaths due to malig-
mmmmmmmﬁmmmmmmﬂ
milling of these materials, in addition to pneuncconiceis. Nineteen of
9ldeathsxecm:dedwereduebolmgaxcirma(9). plewral fibrosarcama
(1), peritoneal mesothelioma (1), gastrointestinal tract cancer {6) and
other cancers {(Kleinfeld et al., 1967). Asbestos disease stigmata have
bemzeportedinassociatimwith:ibm:stalcanposum {Rohl & Langer,
1974) .

These cbservations serve to highlight the inpartant question of a
relationship between exposure to asbestiform minerals (not asbestos per
se) and the occurrence of excess malignant disease. This problem is
global in scope and potentially important. For example, iron-ore deposits
may present such a problem. Wagner (1928) demonstrated that the extensive
i.rmdq:osilsofﬂaesouﬂ'lem}anispt‘ere. prodlnedasnresultofbacte-
rial action, are similar in nature o those iron deposits making up the

(French, 1968). Wagner emphasized that these iron formations would

contain fibrows iron silicates; and fibrous silicates are indeed scattered
throughout these deposits and occasionally occur in large foci. In the
southern hemisphere, these deposits have or are being mined for amphibole
ashestos, including the crocidolite deposits of the Cape Province, the
amosite and crocidolite areas in the Transvaal in South Africa, the

70




-

‘mysorite deposits in Mysore in southern India and the crocidolite in
Western Australia and in Bolivia.

Tre Transvaal iron formation is also exploited for iron cre itgelf
and was the main source of iron ore in South Africa. In recent years,
the increased demand for iron ore has led to the opening up of large-scale
surface mining of the banded ironstone in Sishen in South Africa (Webster,
1973) and the Hamersley deposit, Western Australia; both these deposits
are in the vicinity of known ococurrences of crocidolite fibre. In
northern US, asbestos fibre has not been exploited from the Mesabi
Range. Although iron ore is mined along this range, fihres
similar to and in some instances identical with the amphilole ashestos
variety exploited in the southern hemwisphere aze found. These are
inevitably mined with the iron ore., Similar problems exist with other
ores. Recent concern about the potential carcinogenicity of non-

ocomercially exploited materials of an asbestos nature has been raised
with regard to these ores and associated amphibole fibres.

Mean air concentrations of amphibole fibres in commmities surround-
ing milling operations have been reported to range frum 2.6-8.9
x 103 fibres/m3. Chrysotile concentrations in individual satples ranged
fyom none detected to 10.4 x 10* fibres/m’. Concentrations of as high
as 11 x 10° anmphibole fibres/m® of air were reported near specific point
emission sources (NICBH, 1977).

Studies of commmnities in geographical areas near these mining
operations, who are exposed to amphibole fibres in drinking-water (lLevy
et al., 1976; Masson et al., 1974), demonstrate no increased risk of
cancer as of 1971. However, since these mining operations began in
approximately 1955, the period of cbservation is insufficient to evaluate
the presence or absence of an associated carcinogenic risk.

Studies using X-ray diffraction, optical microscopy and electron-
beam instrumentation have demonstrated the presence of cummingtonite
and grimerite (mmsite) fibres in a hard rock gold mine (Dement et al.,
1976). A study of undergrounx] miners in this mine has demonstrated a
3-fold excess risk of mortality from respiratory cancer (Gillam et al.,

1976).
n




Yazicioglu (1976) has conducted a radiographic survey of 15,23'9
people living around the city of Diyarbakir in south-east Turkey and
found 389 (2.6%) with evidence of pleural calcificaticn. It has long
been custamary to paint the walls and floors of houses in this area with
a material easily dug from local rocks. Samples of this material have
been identified by the State Mining Investigation Institute in Ankara as
containing chrysotile fibre as one of the constituents.

Pleural plaques have been chserved in agricultural workers engaged
in growing tobacco on stony wountainous soil in Bulgaria; anthophyllite,
tremolite and sepiolite have been found in regions vhere endemic pleural
calcification occurs (Burilkov & Babadjov, 1970: Burilkov & Michailova,
1970, 1972).

3.4 Analyses of fibres in tissues

The physical characteristics of asbestos fibres that penetrate to
the lung parenchyma have been studied by Tinbrell (1965, 1972}, who
demonstrated that fibre respirability was largely a function of fibre
diameter (Timbrell et al., 1970).

Two kinds of data are relevant; Timbrell (1972} has shown that
the crocidolite mined in Northern Cape Province and in Western Australia
is associated with a frequent occurrence of pleural mesothelicma. This
crocidolite had thinner and shorter fibres than the crocidolite or amosite
minad in the Transvaal Province, where fewer cases of pleural nmesothelioma
have been reported. It has been proposed that the reported risk
difference may be attributable to the differing physical characteristics
of the fibres (langer et al., 1974).

A study (Sebastien et el., 1977) concerning diameter and length
of 5000 asbestos fibres from the lungs of 10 deceased persons who had
beenoccmatimallyexposedtoasbstcsslnmdthatt}esewemauless
than 0.5 wm in diameter. The proportion of fibres sharter than 5 um
ranged from 70% to 90%.

Nurerous asbestos fibres, either of chrysotile or amphibole or both
types, have been found by electron microscopy in the lungs of industrially
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ésposed men (Pooley, 1972, 1573; Fondimare & Desborde, 1974). A quanti-
tative topographic study of asbestos fibres in the lung that has been
carried out in 12 industrially exposed men showed that heavily exposed
cases with Jung fibrosis and carcincmas have fewer fibres in the fibrotic
lower lobes than in the less fibrotic upper lobes. The fibres were mostly
of the amphibole type. In cases of lung cancer without lung fibrosis, a
higher concentration of asbestos fibres, mostly of the chrysotile type,
was clearly demonstrated in peripheral areas of the lung (Sebastien ot
al., 1977).

Optical and transmission electron microscopic study of lung and
pleura revealed a preferential accumilation of chrysotile versus amphibole
fibres in the pleura; the mean length of the fibres was greater in the
lung and visceral pleura than in the parietal pleura, this being particu-
larly the case for the amphiboles (lLe Bouffant et al., 1977). There was
no relationship between the numerical concentration of fibres in lung
parenchyma and that in parietal pleura. Generally, the concentration was
always less in pleura than in parenciyma; however, the distribution of
chrysotile microfibrils in the pleura was not homogeneous, and in some
areas high concentrations identical to those in the parenchyma could be
cbserved (Sebastien et al., 1976b).

In a series of studies in Iondon (Pooley et al., 1970), Rew York
(Langer et al., 1971) and le Havre (Sebastien et al., 1977), chrysotile
fibres or fibrils were demonstrated by transmission electron microscopy
in the lungs of most consecutive autopsy cases.,

Pooley (1973) found that the lungs of 93% of 120 mesothelioma cases
studied had asbestos fibres visible by electron microscopy, as compared
to less than 50% of 135 cases cbtained at randam autopsies. Higher
concentrations of fibres were cbserved in mesothelioma than in non-meso—
thelioma cases. In mesothelioma cases the fibre types were either
amphibole or chrysctile, or both, but amphibole was predominant; in non~
mesothelioma cases, chrysotile fibres were predominant. In the three
cases of mesotheliam included in the study of Sebastien et al. {1977,
the percentage of chrysotile fibres was from 44-97% in the peripheral
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armas of the limg. The ratio of amphibole to chrysotile has been found
tc'-decmasefrmthecmtraltmrdtteped;imlareasofﬂ'lelwq
(Fondimare et al., 1977; Le Bouffant et al., 1977).

Asbestos bodies have been found, by licht microscopy, in large
nurbers in occupaticnally exposed individuals (Ashcroft & Heppleston,
1973) and by optical and electron microscopy in the lugs of most
adults who have lived in urban areas (Bignon et al., 1970; Davis &
Gross, 1973; OCldham, 1973; Selikoff et al., 1972a; Thomson & Graves,
1966) . The number of coated fibres in lungs has been compared in persons
with and without lung carcinoma. Meixman et al. (1970), who took into
account cigarette consumption, could find no significant difference.

Doniach et al. (1975) found an increased incidence of asbestos
bcdiesinmenuithstamd\cancerarﬂinwmenwithbmastmr,but
not in lang cancer cases. Contrasting chservations with regard'to lung
were made by Warnock & Churg (1975),beomdﬂnt1\mgcamercamhad
mreasbestosbodiesinﬂaeirlmgsthanthosewiﬂmtlmgcmr, even
thoughorﬂymemsehadhadlumocmpatimlacpomxrewasb&stos.

It has long been known that inhalation of other fibres may result in
the formation of bodies resembling asbestos bodies Williams, 1934).

Similtanecus studies by optical and electron microscopy in 18 lugs
from subjects with various degrees of asbestos exposure showed that
light microscopy could identify 41-100% of fibres as coated, whereas with
electron microscopy only 10% of all fibres were ooated in subjects
heavily exposed and only 0.21% in subjects with moderate exposure
{Sebastien et al., 1977).

In persons occupationally exposed to asbestos, smaller nurbers of
asbestosbodiesorfihmsthanareseminlmgtissuehavehemfmﬂ
in extra—pulmonary tissues, including tonsils, thoracic and abdominal
lymph nodes, pleura, peritoneum, liver, spleen, kidney and small
intestine (Godwin & Jagatic, 1970; Zielhuis, 1977).
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3.5 Ashestosis

Asbestosis is a progressive, irreversible lung disease caused by the
inhalation of asbestos dust and is characterized by diffuse intestinal
fihrosis. The pathological features have been described by Wagner (1965),
and radiological features defined by Gilsom (1971). A conbined patholo-
gical-radiclogical correlation has been undertaken (Caplan et al., 1965).

Early reports of an association between asbestos dust exposure and
pulmonary disease were given by Marray (1%07) in the UK, Hoffman (1918)
in Canada and Pancoast et al. (1917) in the US. However, the first
complete descriptions of asbestosis were not made until 1927, by Cooke
(1927) ard McDonald (1927) in the UK, and 1930, by Mills (1930) in the
US. Early studies led many investigators to conclude that people exposed
to asbestos dust developed the disease, ‘ashestosis', if the dust concen-
tration were high or if their exposure were long (Beintker, 1931;
Dreessen et al., 1938; Fulton et al., 1935; Merewether, 1947; Merewether
& Price, 1930).

As to a relationship between asbestosis and bronchial carcinoma,
there is at present no scientific documentation indicating that these
entities are interrelated in any way other than that they constitute
disease outoomes that may be associated causally with exposure to
asbestos as a common envirommental factor.

Recent reports (Edge, 1976; Martischnig et al., 1977) support the
hypothesis that an excess of bronchial carcinomas exists in groups of
persons exposed to asbestos without concomitant radiclogical signs of
lung ashestcsis.
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Referance Finding

A. OCCUPATIONAL EXPOSURE
Historical studies

tymch & Smith, 1935 suspicion of uncuu.m betwesn
Gloyne, 1935 asbestos and lung cancer

viedler, 1343a,b Came reports of pleural and peritonsal
wyers, 1M6 ] tumurs associated with asbestos
Weins, 1953

leicher, 1954 A peritoneal tumour

poll, 1935 Lung cancer

vingrer et al.y 1960 Mescthelicvas

Mancunco & Ooulter, 1961
Selikotf ot al., 1964

gldmi.Mul studies

leura and 1 tOreUum
ﬁ types "of f%

Knox of al., 1969

Hewhouse, 1969 {UK}

Bohiig et al., 1970 {ERG)
selikoff et at., 1970 {VSA)
Elmes & Simpeon, 1371 (LX)
Sturphius, 1971 (The Nether'
Rubino et al., 1972 {Italy)

Selixoff et al., 1973

1mng cancer and wesothelicma
Lung cancer and mapothellome

Lung cancer, plaural and
peritoneal mesothel Lomas

Lung cancer

Asbestos textile workers erployed
before 1930

Miners and pan-mining population
Asbestos workers
Asbestos workers

Asbestos textile workers employsd
after 1902

Asbestos mamifacturing, insulation
and shipyard workers

Insulation workers: chrysotile and
aroaite asbestos exposure
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Reference Fipding Group and exposure
Enterline ot af., 1972 Respiratory cancer Retired pmducum and maintenance
Enterline & Henderson, 1973 wockers in ashestos industry
Cooper et 4., 1975 Lung cancer Sheet-metal workers
De Lajartre ot «l., 1976 Shipyard workers
Biava ct l,, 1976 Hesothel o Shipyard workers

Harries, 1976

Edge, 1976

Nevhouse, 1971a ]
Newhouse & Berty, 1976

De Lajartre ci al., 1973 {France}
Gohbato & Ferri, 1973 {Italy)

Puntoni ~¢ al., 1976 (Italy)

Websater, 1973 (South Africe)
Greenberg & Lloyd Davies, 1974 (UK)
Hain o't af., 1974 (FRG)

Rurminen, 1975 [Finland)

Sturm & Bitterschl, 1975 {GDR)
Zlelhuis »f af., 1975 (The Netherlands
Milne, 1976 (Australia)

Newhouse L al., 1972 ]
Selikoff vi al., 1970

Gilson, 1973

Hammond & Selikoff, 1973
SelixoEt, 1976a

Newhoume & Berry., 1976

Martischnig et af., 1977 ]
Peta L ol., 1977

Nicholmom et al., 1977

Single types of fibres
Crocidolite
Wagner cf al,, 1960

!

Carcinom of brondwe
Luang carcer

Evidenos of association betweon
mesothelioms and past exposure
to asbestos

Peritoneal tumours associated with
heavy axposures

5% to 10% asbestos workers' deaths
due to mesothal iom

8=11% asbestos workers'deaths due
to mesothelioma
Lung cancer

Ly cancer, mescthelioma

Pleural cancer

Maval dockyard workers
Bhipyard workers
Asbestos workers

Occupstional eposures, in sow
cases as brief as one day

Asbestos workacs
Aaboston textile workers

Asbestos workers

Workers in mines, mills and trane-
rortation and handling of crocidolite
and population in vicinity of mines
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Chrysotile
Mcoonald at al., 1973, 19M
McDonald & McDonald, 1976

Xogan et ai., 1972

Wagoner et al., 19723

Enterline & Renderson, 1913]
Enterlire ¢t al., 1972

porow et al., 1973

Mmmite

selikoff, 1976a
Seidman ot al., 1977

Anthcphyllice
Meurman et al,, 1974

Mewsthel ioms

Lurwy cancer, mesothelicoma
Total cancer, lung cancer

Respiratory cancer
Respiratory cancer
Mesothelioms

Mosothelioma, lung nn:-r]
iang cancer

Bronchial cancer, dyspnosa and cough

Refersnoe Findirg Group and exposure
Haringten et al., 1971 ] Mesothelioma tining population of crocidolite
wWebater, 1973 mines
Motulty, 1962 Mesothelioma Hiners of crocidolite
Jones ot al., 1976 wan working with crocidolite

in WWII gas-mask canister factoriss

Craysotile mine and mill workers

workers in asbestos mining and
milling, men and women

vorkers in mnufacturing of textile,
friction and packaging products,
using chrysctile

Men €5 ysars and older, retired
production er maintenance enployees
in asbestos industry exposed only
to chrywotile

viorkers at plant usihg chcysctile,
all ages

traulation workers in factory wsing
aroaite

Anthophyllite mining enployees
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Reference

Other_cancers

Enterline, 1965

Hamwond 2t al., 1965
Manduso & El-Attar, 1967
Elmes & Simpson, 1971
¥ogan et al., 1972
Newhouse, 197X

Wagoner gt al., 1973
Selikoff, 1974, 1976b
Selikoff ¢t al., 1964, 19720
Nicholson et al., 1977

Stell & McGill, 1973
Morgan & Shettigara, 1976

Newhouse & Berry, 1972

Shattigara & Morgan, 1975 )
Selikoff ¢f al., 1970
Dohner et al., 1973

SMOKING AND ASEESTCS
Selixoff ot al., 1968
Doll,

19
Berry «t al., 1972
Hamind & Selikoff, 197

HON-OCCUPATICONAL EXPOSURES
Anderson ef nl., 1976

vagner «t al., 1960
Newhouse & Thompeon, 1965
Bohlig & Hain, 1973

Creenbery & Lloyd Davies, 1974

ASBESTIFORM MINEFALS
Kleinfeld st al., 1967

Gillam et al., 1976

Cancer of gastrointestinal tract

Laryngeal cancer ]
Oropharyngeal cancer
Multiple orimecy cencers

Viesotheliom

Lng, plewal, peritoneal, gastro-
intestinal tract carcers

Fespiratory cancer

Asbestos workers

vorkers with esxposure to
asbeatos

Ashestos workers

Shipyrard workers

Astestos workers

Family mwbers of ashestoa workers
Individuals in nelghbourhood of
industrial sources of ashastos

Hew cases from areas with recognized
industrial source of asbestos

Tale miners and millern

Underground gold mines




4. Comments on Data Reported and Evaluation

All commercial forms of asbestos tested are carcinogenic in mice,
rats, hamsters and ratbits. In mice, mesctheligms were induced
following intraperitoneal injection of asbestos fibres., In rats, varicus
types of asbestos produced lung carcincmas and mesotheliamas following
their inhalation and mesothelicmas and sarcomas follawing their intra-
pleural or intraperitoneal injection. The oral administration of asbestos
filter material to rats also resulted in an increased incidence of
tumours. Mesotheliomas were produced in hamsters and ratbits after
intraplewral injection of a number of types of asbestos fibre.

ﬂnesizeandsmpeofthefibr&sinﬂmtmmcidaweoftmrs:
fitwres less than 0.5 mindimter'aremactiveinpmdmjngtmmrs.
Glass fibres and nemalite of a similar size can also produce mesotheliomas
following their intrapleural or intraperitoneal injection in rats.

1In humans, ocaupaticnal exposure to chrysotile, amosite, antho-
phyllite and mixed fibres containing crocidolite has resulted in a high
incidence of lung cancer; a predominantly tremolitic material mixed with
anthophyllite and small amounts of chrysotile has also caused an increased
incidence of lung cancer. Many pleural and peritoneal mesotheliaras have
been cbserved after occupational exposure +o crocidolite, amosite and
chrysotile. An excess risk of gastrointestinal tract cancers has been
demonstratad in groups exposed occupationally to amsite, chrysotile or
mixed fibres containing crocidolite. An excess of cancers of the larynx
was also cbserved in exposed workers. }béodeliams also oocur in
{rdividuals living in the neighbourhood of asbestos factories and croci-
@olite mines and in household contacts of asbestos workers.

Ocmpationale:q:osuretoasbestoamayocmrduringﬂ\endnimof
fibrous minerals, as well as of minerals embodied in rocks, which may
contain asbestiform fibres as a contaminant.

Both cigarette smoking and occupational exposure to asbestos fibres
independently increase lung cancer incidence, but when they are present
together they act in a multiplicative fashion.
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The general norulation may also he exposed to asbestos fibres in
air, beverages, drinking-water, fooc and pharmaceutical and dental
preparations and by consumer use of asbestos-containing products. The
presence of asbestos and ashestiform minerals from natural sources in the
enviroment, other than mines or quarries, has only recently shown itself
to be a further potential problem.

At present, it is not possible to assess whether there is a level
ofac;nsureinhmansbelowwhidlanincmasedriskof:zmeruundmt
occur. :
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AFPENDIX A

necxitedaforﬂeevaluatimofﬁecarcﬁngenicriskofd'unicals
tomnwereastablishedatamrberofmetingswpriormthep&n-
cation of Valume 1 of the IARC Monograph series. All wolures published
sinmﬂnttimmfollmadessmtialiyﬂnmfmtmdarebased
on the same criteria. mm;crmpstavehemljmitedtotrcassess—
ment of published data, an which the final evalwation in terms of carcino-
genic potential is based. In order to ensure, however, that the monographs
willumtimntopm\ddeaccuxatearﬂeﬁmsivemlmtimsindmngmg
cirmtanms.itlusmthcidmdmmaibrking&upmmriw
the criteria vsed up until now.

The present Working Group, convened to evaluvate asbestos, felt,
however, tlntinviewoftheinpcctameofthissubstm,ﬂlism:ogmph
dnﬂdalsopmsmtaquantitativeevaluatimofﬂ:e future scope of the
pn:blmintemsofsocietyasadmle. Such forecasts are dependent om
severalvaxiablamidicamntbepredictedwithcertainty.

Hiﬂ)mxtinplyingdisagrearmtwithﬂmevimofthemrkjng&oup,
ﬂ-:eDiractorofIA!Crasrequestedt}atmissectimamearasan
Apperﬂixtoti-uemaintextofthemngraph.

mwmmmmmm

In the first half century of modern commercial use of asbestos
(1878-1927), there were only sporadic reports of associated health risks,
and these were amcerned with preuroconiosis, in particular asbestosis
(Cooke, 1927). During those years the use of this versatile material
expanded greatly; with few precautions against exposure. In spite of the
fact that the hazards from exposure toasbestosdusthadbeenclearly
defined by Merewether & Price (1930) in the UK, by Dreessen et al. (1938)
in the US and by Nordmann {(1938) in Germany, insufficient action was sub-
sequently taken. Byﬂaetineﬂmecancerpotantialhadbeenmoognizedard
dafined (1935-1960), asbestos had permeated much of modern industry,
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and, indéed,mdernsociety, with thousands of products being manufac-
tured and utilized throughout the world, in circumstances that we now
understand were inadequate for the control of cocupational discase,
including cancer. As a result, we are now faced with a double dilemma,
ofhmtodealwiththecxrsequenesofpreviwsinattentimmﬁerror,in
he:mofhumndisease,wﬂofmmmidfmﬂnrmdummﬂd
produce disease in the future.

The results of failures in the past spur efforts for control [See,
e.g., Senior Medical Inspector's Advisory Panel (1968)]. In many stidies
of groups of asbestos workers, for example, approximately 20% of all
deaths are the resuilt of lung cancer, three-quarters of which are attri-
butable to their work with asbestos (Selikoff, 1976b). Among such groups,
pleural and peritoneal mesotheliomas have became common; estimates for
certain groups suggest that as many as 7-11% may die of these diseases
{Newhouse & Berry, 1976), which otherwise occur only rarely. Excess
incidences of gastruintestinal, laryngeal and oropharyngeal cancer will
claim further lives. There are few accurate estimates of the mmbers of
persaons at risk from exposure to asbestos in the various countries of
the world. Attenpts to do so have been made in the US (Wagoner, 1976},
mditissobeﬁngtorealizethatﬂ'erearemintheusammdmtely
one million men and women who work regularly in manufacturing asbestos
products or who were so enployed in the past. Should the foregoing
estimates hold for them as well, some 200 thousand deaths from lung
cancer and 50 or more thousand deaths from mesothelicmas will oocur
(See also Newhouse & Berty, 1976). Howener, to the extent that we fail
to control further exposures, these will be underestimates of the occupa-
tional cancer incidence.

Ancther factor that could lead to their being underestimates is that
such figures may not include cancers that result from the mining and
milling of asbestos or from indirect occupational exposures (as in the
shipyard and construction industries), from a nutber of specific uses of
ashestos materials (as in brake repair and brake maintaipance work), or
from para-occcupational exposure or uncontrollable consumer use of asbestos
materials; nor do they include cancers that will result from household
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contact or neighbourhood exposures: - Indeed, no pooulation exposeé to the

industrial uvse of asbestos has escaped this hazard; it is also likely

that every country in the world has experi
problem.

enced this public health
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