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ENVI RONVENTAL HEALTH CRI TERI A FOR ASBESTCS AND OTHER NATURAL
M NERAL FI BRES

Fol | owi ng the recomendations of the United Nations Conference
on the Human Environnment held in Stockholmin 1972, and in response
to a nunber of resolutions of the Wrld Health Assenbly and a
recomendati on of the Governing Council of the United Nations
Envi ronnent Progranmme, a programme on the integrated assessnment of
the health effects of environnental pollution was initiated in
1973. The programe, known as the WHO Envi ronnmental Health
Criteria Progranme, has been inplemented with the support of the
Envi ronment Fund of the United Nations Environment Programme. In
1980, the Environmental Health Criteria Programe was incor porated
into the International Programme on Chenical Safety (IPCS), a joint
venture of the United Nations Environnent Progranme, the
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1. SUMVARY AND RECOVIVENDATI ONS FOR FURTHER RESEARCH
1.1. Summary

1.1.1. ldentity; physical and chenical properties, nethods
of sanpling and anal ysis

The commrercial term asbestos refers to a group of fibrous
serpentine and anphi bole mnerals that have extraordinary tensile
strength, conduct heat poorly, and are relatively resistant to
chem cal attack. The principal varieties of asbestos used in
commerce are chrysotile, a serpentine nmineral, and crocidolite and
anosite, both of which are anphi boles. Anthophyllite, trenolite,
and actinolite asbestos are al so anphi boles, but they are rare, and
the commercial exploitation of anthophyllite asbestos has been
di sconti nued. Oher natural mneral fibres that are consi dered
potentially hazardous because of their physical and chenica
properties are erionite, wollastonite, attapulgite, and sepiolite.

Chrysotile fibres consist of aggregates of long, thin, flexible
fibrils that resenble scrolls or cylinders. The dinmensions of
i ndi vidual chrysotile fibres depend on the extent to which the
sanmpl e has been mani pul ated. Anphibole fibres generally tend to be
straight and splintery. Crocidolite fibrils are shorter with a
smal | er dianeter than other anphibole fibrils, but they are not as
narrow as fibrils of chrysotile. Anpsite fibrils are larger in
di ameter than those of both crocidolite and chrysotile. Respirable
fractions of asbestos dust vary according to fibre type and
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nmani pul ation.

Several methods involving optical phase contrast nicroscopy
have been devel oped for determ ning | evels of asbestos fibres in
the air of work-places. Only fibres over 5 uymin length with an
aspect ratio > 3:1 and a diameter of |less than 3 umare counted.
Thus, the resulting fibre count can be regarded only as an index of
actual nunbers of fibres present in the sanple (fibres with
diameters less than the resolution of the light mcroscope are not
included in this assay). Fibres with dianmeters snaller than
approxi mately 0.25 um cannot be seen by light mcroscopy, and an
el ectron mcroscope is necessary for counting and identifying these
fibres. Electron mcroscopes that are equi pped with auxiliary
equi prrent can provide information on both structure and el enent al
comnposi tion.

The results of analysis using |ight mcroscopy can be conpared
with those using transm ssion or scanning electron mcroscopy, but
only if the sane counting criteria are used.

1.1.2. Sources of occupational and environmental exposure

Asbestos is widely distributed in the earth's crust.
Chrysotile, which accounts for nore than 95% of the world asbestos
trade, occurs in virtually all serpentine rocks. The remainder
consists of the anphiboles (anpsite and crocidolite). Chrysotile
deposits are currently exploited in nore than 40 countries; nost of
these reserves are found in southern Africa, Canada, China, and the

USSR. There are, reportedly, thousands of conmercial and
i ndustrial applications of asbestos.

Di ssemi nation of asbestos and other nmineral fibres fromnatura
deposits nay be a source of exposure for the general popul ation
Unfortunately, few quantitative data are available. Mst of the
asbestos present in the atnmosphere and anbi ent water probably
results fromthe mning, mlling, and manufacture of asbestos or
fromthe deterioration or breakage of asbestos-containing
mat eri al s.

1.1.3. Environnental |evels and exposures

Asbestos is ubiquitous in the environnent because of its
extensive industrial use and the dissem nation of fibres from
natural sources. Available data using currently-accepted nethods
of sanpling and analysis indicate that fibre levels (fibres > 5 pum
in length) at remote rural |ocations are generally bel ow the
detection linit (less than 1 fibre/litre), while those in urban air
range from< 1 to 10 fibres/litre or occasionally higher
Airborne levels in residential areas in the vicinity of industrial
sources have been found to be within the range of those in urban
areas or occasionally slightly higher. Non-occupational indoor
| evel s are generally within the range found in the anbient air.
Qccupati onal exposure |evels vary depending on the effectiveness of
dust-control neasures; they may be up to several hundred fibres/n
in industry or mnes without or with poor dust control, but are
generally well below 2 fibres/m in nodern industry.

Reported concentrations in drinking-water range up to 200 x 10°
fibres/litre (all fibre |engths).

1.1.4. Toxicological effects on aninmals

Fibrosis in many ani mal speci es, and bronchial carci nomas and
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pl eural nesotheliomas in the rat, have been observed fol |l ow ng

i nhal ation of both chrysotil e and anphi bol e asbestos. In these
studies, there were no consistent increases in tunour incidence at
other sites, and there is no convincing evidence that ingested
asbestos is carcinogenic in aninmals. Data fromthe inhalation
studi es have shown that shorter asbestos fibres are |less fibrogenic
and carci nogeni c.

Few data are avail able concerning the pathogenicity of the
other natural mneral fibres. Fibrosis in rats has been observed
followi ng inhalati on of attapulgite and sepiolite; a renmarkably
hi gh inci dence of nesothelionmas occurred in rats follow ng
i nhal ation of erionite. Long-fibred attapul gite induced
mesot hel i omas follow ng intrapleural and intraperitonea
administration. Wl lastonite also i nduced nesothelioma after
i ntrapl eural adm nistration. Erionite induced extrenely high
i nci dences of nesotheliomas follow ng inhalati on exposure and
intrapl eural and intraperitoneal administration

The I ength, diameter, and chem cal conposition of fibres are
i mportant determ nants of their deposition, clearance, and
transl ocation within the body. Available data also indicate that
the potential of fibres to induce nesotheliomas foll ow ng
intrapleural or intraperitoneal injection in aninmal species is
mainly a function of fibre length and dianmeter; in general, fibres
wi t h maxi mum car ci nogeni ¢ potency have been reported to be | onger
than 8 ymand less than 1.5 ymin di aneter.

1.1.5. Effects on man

Epi dem ol ogi cal studies, mainly on occupational groups, have
established that all types of asbestos fibres are associated with
di ffuse pul nonary fibrosis (asbestosis), bronchial carcinom, and
primary malignant tunours of the pleura and peritoneum
(mesothelioma). That asbestos causes cancers at other sites is
| ess well established. Gastrointestinal and | aryngeal cancer are
possi bl e, but the causal relationship with asbestos exposure has
not yet been firmy established; there is no substantial supporting
evi dence for cancer at other sites. Ashestos exposure may cause
vi sceral and parietal pleural changes.

Cigarette snoking increases the asbestosis nortality and the
ri sk of lung cancer in persons exposed to asbestos but not the risk
of nmesothelioma. Generally, cases of nalignant nesothelioma are
rapidly fatal. The observed incidence of these tunours, which was
low until about 30 years ago, has been increasing rapidly in males
in industrial countries. As asbestos-related nesotheliom becane
nore wi dely accepted and known to pathol ogists in western
countries, reports of nesothelionma increased. The incidence of
nesot hel i oma prior to, e.g., 1960, is not known. Mesothelionas
have sel dom fol | owed exposure to chrysotile asbestos only. Mst,
but not all, cases of nesothelioma have a history of occupationa
exposure to anphi bol e asbhestos, principally crocidolite, either
al one or in anphibol e-chrysotile m xtures.

There is strong evidence that one non-asbestos fibrous minera
(erionite) is carcinogenic in man. This fibrous zeolite is likely
to be the cause of |ocalized endenm c nesothelioma in Turkey.

Non- rmal i gnant thi ckening of the visceral pleura is frequently
associ ated with asbestosis. Thickening of the parietal pleura,
sometines with calcification, may occur in the absence of
det ect abl e asbestosis. It is seen in those occupationally exposed
to asbestos and al so occurs endenically in a nunber of countries,
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but the causes have not been fully established. Trenolite fibre
has been inplicated as an etiol ogical agent in sone regions.

1.1.6. Evaluation of health risks

At present, past exposure to asbestos in industry or in the
general popul ati on has not been sufficiently well defined to nake
an accurate assessnment of the risks fromfuture |l evels of exposure,
which are likely to be | ow.

A sinple risk assessnent is not possible for asbestos. In
maki ng an assessnent, the enphasis is placed on the incidence of
| ung cancer and nesot helioma, the principal hazards. Two
approaches are possible, one based on a conparative and qualitative
evaluation of the literature (qualitative assessnent), the other
based on an underlying nmathematical nodel to link fibre exposure to
the incidence of cancer (quantitative assessnent). Attenpts to
derive the mathemati cal nodel have had Iimted success. Data from
several studies support a linear relationship with cunmul ati ve dose
for lung cancer and an exponential relationship with time since
first exposure for nesothelionma. However, the derived
"coefficients" within these equations cover a wi de range of val ues
fromzero upwards. This nunerical variability reflects the
uncertainty of nany factors including historical concentration
nmeasurenments, fibre size distributions associated with a given
fibre level, and variations in the activity of different fibre
types. Furthernore, snmoking habits are rarely well defined in
relation to bronchial cancer. The variability may al so reflect
uncertainty in the validity of the nodels. These factors have
complicated the quantitative extrapol ation of the risk of
devel opi ng these di seases to | evels of exposure such as those in
the general environnment, which are orders of nagnitude below | evels
of exposure in the popul ations fromwhich the estinmates have
deri ved.

The foll owi ng concl usions can be drawn on the basis of
qualitative assessnent:

(a) Anmpbng occupational groups, exposure to ashestos poses a
heal th hazard that may result in asbestosis, |ung cancer
and nesot helioma. The incidence of these diseases is
related to fibre type, fibre dose, and industrial
processing. Adequate control neasures should significantly
reduce these risks.

(b) I'n para-occupational groups including persons wth
househol d contact, those living in the vicinity of
asbest os- produci ng and -using plants, and others, the risks
of nmesothelioma and | ung cancer are generally nuch | ower
than for occupational groups. The risk of asbestosis is
very low. These risks are being further reduced as a
result of inproved control practices.

(c) In the general population, the risks of nesotheliona and
lung cancer, attributable to asbestos, cannot be quantified
reliably and are probably undetectably low. Cigarette
snoking is the major etiological factor in the production
of lung cancer in the general population. The risk of
asbestosis is virtually zero.

(d) On the basis of available data, it is not possible to
assess the risks associated with exposure to the majority
of other natural mineral fibres in the occupational or
general environment. The only exception is erionite for
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whi ch a high incidence of nesothelioma in a | oca
popul ati on has been associated with exposure.

1.2. Recommendations for Further Research

The nol ecul ar and cel | ul ar mechani sms associated with both the
fi brogenic and carcinogenic action of asbestos are not known. In
addition, precise epidemological data and reliabl e exposure data
to establish dose-response rel ationships for asbestos fibres are
| acking. There should be further studies on

(a) the significance of the physical and chenical properties
of ashestos and other mneral fibres (fibre dinension
surface properties, and contamnants) with respect to their
bi ol ogi cal effects;

(b) the biological significance of the durability of minera
fibres in the body;

(c) the differences that exist between varieties of asbestos
with respect to the induction of nalignant tunours;

(d) the induction of malignant tunours by well-characterized
sanpl es of other natural nmineral fibres, especially
asbest os substitutes;

(e) immunol ogical, cellular, and bi ochenical responses to
natural mineral fibres (including their action as initiator
and/ or pronotor);

(f) preval ence and incidence of disease in |arge cohorts of
nore recent workers with reliably-nmeasured exposure; and

(g) inmprovenent and international standardization of nethods of
moni t ori ng exposure to asbestos and other fibrous
mat eri al s.

2. | DENTITY, PHYSI CAL AND CHEM CAL PROPERTI ES, SAMPLI NG AND ANALYSI S
2.1. ldentity; Physical and Chenmical Properties of Asbestos Mnerals

Asbestos is a collective nanme given to minerals that occur
naturally as fibre bundl es and possess unusually high tensile
strength, flexibility, and chem cal and physical durability. Fibre
bundl es may be several centinetres long. Bundle dianeters may
vary significantly, but tend to be in the mllimeter range. This
has given rise to a technical grading based on fibre bundles,

l engths, and dianeters. However, when these fibre bundles are
mani pul ated, they nay break down into snaller units, a portion of
whi ch have di nensions in the subnicron range.

The asbestos minerals are not classified on a m neral ogi ca
basis, but rather on a commrercial basis because of their unique
properties. Therefore, the asbestos variety comrercially known as
crocidolite is referred to in the mneralogical literature as
ri ebeckite. The asbestos variety called anpsite is known
m neral ogically as grunerite. Al other asbestos types are
referred to by their proper mneral nanes.

The properties usually attributed to asbestos as controlling
both its stability in the environnent, and its biol ogica
behavi our, include fibre |l ength and di ameter, surface area,
chem cal nature, surface properties, and stability of the mnera
within a biological host. The physical and chemical properties of
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asbest os have been widely discussed in the literature (A lison et

al ., 1975; Selikoff & Lee,
NRC/ NAS, 1984; Langer & Nol an, 1985).

Two basic mineral groups,
interest listed in Table 1.
with conplex crysta
of the individua
in Table 1.

structures. The typica

2.1.1. Serpentine group mnerals - chrysotile

serpentine and anphi bol e,
i nportant asbestos minerals including the 6 mnerals of special
These groups are hydrated silicates
conposition
types of asbestos within these groups is provided

chem ca

1978; M chaels & Chissick, 1979; US

contain

Chrysotile is a sheet silicate conposed of planar-linked silica

tetrahedra with an overlying | ayer of brucite.
sheets are slightly warped because of a structura
resulting in the propagation of a rolled scrol
hol | ow t ube.
chrysotile.

m smat ch,

Anpsi t e€
(Fe, M) 7
(Si g02) (OH) 2
49 - 52
(0 - 1)

(0 - 5)

35 - 40

5 -7

(0 -2

(0 - 1)
1.8 - 2.4

light grey

to pale

br own

600 - 800

1400

The silica-brucite

that forns a | ong
These tubes formthe conposite fibre bundle of

properties of common asbestos mineral s?

Ant ho- T
phyl l'ited
(I\/g, Fe)7 Ca

(Si g02) (OH) 2 (SigC

53 - 60 £
(0 - 3) (
(0 - 35) (
3 - 20

17 - 31
(0 - 3)

(0 - 1) (
1.5 - 3.0 1
white to '
grey pale |
br own

600 - 850 '
1450

Table 1. Physical and chemica
Characteristic Chrysotile CrocidoliteP
Theoreti cal M3 Na,Fel | sFel I | ,
fornul a (Si &) (OH) (Si 8002) (OH) 2
Chem cal anal ysis
(range of mmjor consitutents (%)
Si O, 38 - 42 49 - 56
Al 205 (0 - 2)° (0 - 1)
Fe,0; (0 - 5 13 - 18
FeO (0 - 3) 3-21
MyO 38 - 42 (0 - 13)
CaO (0 - 2) (0 - 2)
Na,O (0 - 1) 4 - 8
N, O 11.5 - 13 1.7 - 2.8
Col our usual ly white blue

to pale green

yel | oW,

pi nk'
Deconposi ti on 450 - 700 400 - 600
tenperature? (°Q
Fusi on 1500 1200
tenmper at ure of
resi dua
material (°QC

Table 1 (contd).
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Characteristic Chrysotile CrocidoliteP Anpsi t e€ Ant ho- T

phyl i ted

Density (g/cn?)  2.55 3.3 - 3.4 3.4 - 3.5 2.85 - 3.1 :

Resi st ance under goes good attacked very good

to acids fairly rapid sl ow y
attack

Resi st ance very good good good very good '

to alkalis

Mechani cal properties of fibre as
taken fromrock sanples

Tensile strength 31 35 17 (<7

(103 kg/ cnf)

(Aver age) (440) (495) (250) (< 100)

(10° psi)

Young' s nodul us 1620 1860 1620 -

(10® kg/ cn¥)

(Aver age) (23) (27) (23)

(10% psi)

Texture usual I'y flexible to usual I'y usual I'y !
flexible, brittle and brittle brittle \
sil ky, and t ough
t ough

Table 1 (contd).

Characteristic Chrysotile CrocidoliteP Anpsi t e€ Ant ho- T

phyl lited

Mai n produci ng Canada, South Africa Sout h Africa Mbzanbi que

countries Chi na, USA
Italy,
South Afri ca,
Swazi | and,
USA,
USSR
Zi nbabwe

& From CEC (1977).

b

name of crocidolite is riebeckite.
nane of anosite is grunerite.

M ner al ogi cal
M ner al ogi cal

Bracketed figures denote common el enent al
From serpentini zed dolomte deposits.

9 Dehydroxyl ation or dehydrogenati on acconpani ed by disruption of crystal

strengt h.
Conmrer ci al exploitation of anthophyllite discontinued.

The chem cal conposition is uniformin contrast to that of the
anphi bol e asbestos varieties. Sone trace oxides (Table 1) are
al ways present as a result of contam nation during the formation of
the mineral in the host rock. Some of these trace elenments may be
structurally acconmodated within the tetrahedral site of the silica

Ant hophyl lite asbestos is the proper term as with trenolite and actinolite.
substitution found in asbestos m ner

lattic
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| ayer (as in the case of alum num substituting for silicon), or the
octahedral site of the brucite layer (as in the case of nickel or
iron substituting for magnesium, or may exist as major elenments
within mnor concentrations of discrete mneral phases intercalated
in the fibre bundle (e.g., nmagnetite). Oganic inpurities have not
been observed in virgin chrysotile (Harington, 1962).

Chrysotile fibrils are long, flexible, and curved, and they
tend to formbundl es that are often curvilinear with splayed ends.
Such bundl es are hel d together by hydrogen bondi ng and/ or
extrafibril solid matter. Chrysotile fibres naturally occur in
| engths varying from1l to 20 mm with occasi onal specinmens as |ong
as 100 nm Sone of the physical properties of chrysotile are shown
in Table 1.

Exposure to acid results in the liberation of magnesi umions
and the formation of a siliceous residue. Chrysotile fibres are
al nost conpletely destroyed within 1 h when placed in 1 N
hydrochl oric acid at 95 °C (Speil & Lei neweber, 1969). Chrysotile
is highly susceptible to acid attack, yet is nore resistant to
attack by sodi um hydroxi de than any of the anphibole fibres.

Chrysotil e dehydroxyl ates partially and gradually;
dehydroxyl ation mainly occurs at approximtely 600 - 650 °C
followed by recrystallization to fosterite and silica at about 810
- 820 °C

2.1.2. Anphibole group minerals

The anphi bol e m nerals are double chains of silica tetrahedra,
cross-linked with bridging cations. The hollow central core
typical for chrysotile is |acking.

Magnesi um iron, cal cium and sodium have been reported to be
the principal cations in the anmphi bole structure (Speil &
Lei neweber, 1969). Sone physical properties are sumarized in
Tabl e 1.

The anphi bole structure allows great latitude in cation
repl acenent, and the chem cal conposition and physical properties
of various anphi bol e asbestos fibres cover a wide range. Only
rarely does the conposition of a field sanple coincide with the
assigned theoretical or idealized forrmula. However, theoretica
conpositions are used for identifying the various fibres as a
matter of convenience (Table 1).

Whereas the commi nution of chrysotile fibres may produce
separated unit fibrils (which are bound by weak proton forces
and/or interfibril anorphous nmagnesiumsilicate material), the
breakage (both parting and cl eavage) of anphiboles occurs al ong

defined crystall ographic planes. Parting along sone of these
surfaces may result in fibrils of amphibole, 4.0 nmin dianeter
(Langer & Nol an, 1985).

These nechani sns of anphi bol e breakage are i nportant
biologically with regard to resultant particle nunber, surface
area, and general respirability (all of which control penetration
to target cells and delivered dose), and also with regard to
expressed chemical information contained on the fibre surface
(Harlow et al., 1985). 1In a crystallographic study of anosite
asbestos and its physically-different counterpart, grunerite, size
distributions were different when they were conmnuted in an
identical manner. This factor controls both quantity and quality
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of dose (Harlow et al., 1985).
2.1.2.1 Crocidolite (Riebeckite asbestos)

Crocidolite is represented by the "idealized" enpirical fornula
provided in Table 1. lron can be partially substituted by M?*
within the structure. Typical crocidolite fibre bundles easily
di sperse into fibres that are shorter and thinner than other
anphi bol e asbestos fibres, simlarly dispersed. However, these
ultimate fibrils are generally not as small in dianeter as fibrils
of chrysotile. In conparison with other anphiboles or chrysotile,
crocidolite has a relatively poor resistance to heat, but its
fibres are used extensively in applications requiring good
resistance to acids. Crocidolite fibres have fair to good
flexibility, fair spinnability, and a texture ranging fromsoft to
harsh. Unlike chrysotile, crocidolite is usually associated with
organic inmpurities, including low | evels of polycyclic aromatic
hydr ocarbons such as benzo( a )pyrene (Harington, 1962). Only about
4% of asbestos being mned at present is crocidolite.

2.1.2.2 Anpsite (Gunerite asbestos)

The characteristics of anpsite are given in Table 1. The Fe?
to Mg?* ratio varies, but is usually about 5.5:1.5. Anmpsite fibrils
are generally larger than those of crocidolite, but smaller than
particles of anthophyllite asbestos simlarly comm nuted. Mbst
anosite fibrils have straight edges and characteristic right-angle
fibre axis term nations.

2.1.2.3 Anthophyllite asbestos

Ant hophyl lite asbestos is a relatively rare, fibrous,
ort hor honbi c, nagnesi umiron anphi bole (Table 1), which
occasionally occurs as a contaminant in talc deposits. Typically,
anthophyllite fibrils are nore nmassive than other common forns of
asbest os.

2.1.2.4 Trenolite and actinolite asbestos

The other fibres mentioned in the text include trenolite
asbestos, a nonoclinic cal ci um nmagnesi um anphi bole, and its iron-
substituted derivative, actinolite asbestos. Both rarely occur in

the asbestos habit, but are common as contam nants of other
asbestos deposits; actinolite asbestos occurs as a contani nant
fibre in anpsite deposits and trenolite asbestos as a contam nant
of both chrysotile and talc deposits. Trenolite asbestos fibrils
range in size but nmay approach the dinmensions of fibrils of
crocidolite and anpsite.

2.2. ldentity; Physical and Chemi cal Properties of O her
Natural M neral Fibres

Many minerals, other than asbestos, exist in nature with a
fibrous habit. Still others comrinute to produce particles with a
fibrous form Some enter the environnment through human activities
and others through natural erosion processes. These have becone
increasingly inmportant because they have been |inked with human
disease in a limted nunmber of instances (as with the case of
erionite associated with nesothelionma in Turkey) and because they
have been suggested as substitutes for asbestos.

2.2.1. Fibrous zeolites
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Zeolites are crystalline alumnosilicates in which the primary
"bui | di ng bl ocks" are tetrahedra consisting of either silicon or
al um ni um at oms surrounded by four oxygen atons. These tetrahedra
combi ne, |inked together by oxygen bridges and cations, to yield
ordered three-di nensi onal frameworks. Although there are nore than
30 known natural zeolites, only part of themare fibrous, including
nesolite, nordenite, natrolites, scolecite and thonsonite (Table 2)
et al.,1983; CGottardi & Galli, 1985).

Erionite fibres are sinmilar in dinmension to asbestos fibres,
though they are probably shorter in length on average (Suzuki,
1982; Wight et al., 1983).

Table 2. Typical formul ae of sone fibrous zeolites?

Erionite ( NazKoCaMy) 4. 5( Al 9Si 2707) x 27 H0
Mesolite Na,Ca,Al ¢Si 9030 X 8HO

Mor deni t e (Ca, Nay, Ko) Al 5Si 10024 X 7(H0)
Natrolite Na,Al »Si 30,0 X 2H,0

Paranatrolite Na,Al ,Si 30,9 x 3H,0

Tetranatrolite Na,Al »Si 30,0 X 2H,0
Scol ecite CaAl 5Si 30,9 X 3H0

Thonsonite NaCa,Al 5Si 50,9 x 6H,O

&  From Minpton (1979).

2.2.2. Oher fibrous silicates (attapulgite, sepiolite, and
wol | ast oni te)

The chem cal conposition of these minerals is:

pal ygorskite (attapulgite):
Ng5SI 8()20( O‘D 2( Hz()) 4 X 4H,0 ( Barrer, 1978) X

sepiolite:
Ng88| 12@0( O‘D 4( H2C)) 4 X 8H,0O ( Barrer, 1978) X

wol | astoni te:
CaSi G; (U | mann, 1982).

Certain clay mnerals, such as sepiolite and, especially,
attapulgite, may occur in fornms that are simlar to both chrysotile
and anphi bol e asbestos fibrils. Under the electron nicroscope,
they may appear to have a hollow tube structure, or have an
appear ance of an anphi bole lath. Meerschaum represents a nassive
formof fibrous sepiolite. The surface of attapulgite resenbles
that of chrysotile in that it is hydrated and protonated.

Attapul gite consists principally of short fibres of the nminera
pal ygorskite (Bignon et al., 1980).

Wl | astonite has received considerable attention as a possible
substitute for asbestos. The basic structure of this mineral is an
infinite silicon oxygen chain (SiG;). Calciumcations link the
infinite chains together (Leineweber, 1980). The properties of
wol | astonite as well as its biological effects have been di scussed

erionite,
(Wi ght
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in several papers (Korhonen & Tossavai nen, 1981; Huuskonen et al.
1983a, b) .

Rel evance of physical and chenical properties to biological effects

For respirability, the nost inportant single property of both
asbestos and other fibrous mnerals appears to be fibre dianeter.
The smaller the fibre dianeter, the greater the particle nunber per
unit mass of dust; the nore stable the dust aerosol, the greater
the inhal ation potential and penetration to distal portions of the
lung. Once within the tissue, fibre I ength, surface chenistry, and
physi cal and chenical properties are the likely factors controlling
bi ol ogi cal activity (Langer & Nolan, 1985).

2.3. Sampling and Anal ytical Methods

Col l ection and preparation of sanples fromthe environnent and
subsequent anal ysis of asbestos and other natural mineral fibres or
application of direct measuring nmethods are required for the
assessnment of human exposure, evaluation of control neasures, and
control of conpliance with regulations. Sanpling strategies and
anal ytical procedures nust be adequately planned and conduct ed.
Calibration of instrunments and quality control are essential to
ensure accuracy and precision. Detailed descriptions of the
coll ection and preparati on of sanples and of anal ytical procedures
are beyond the scope of this docunent (Asbestos Internationa
Associ ation, 1982, 1984; EEC, 1983; |ILO 1984).

2.3.1. Collection and preparation of sanples

The coll ection and preparation of sanples fromair, water, and
bi ol ogi cal and geol ogi cal nedia require different strategi es and
speci men preparation techni ques. However, once in a suitable form
for analysis, the instrunental nmethods required are virtually
i denti cal

2.3.1.1 Ar

The identity of fibres in the work-place is usually known.
This is not true in the general environnment, where fibre
identification is generally necessary. The ratio of asbestos
fibres to total respirable particles varies w dely, ranging from
1:10% to 1:10’ (Nichol son & Pundsack, 1973; Lanting & den
Boeft, 1979).

In addition to fibre identification and concentration, it is
inmportant to focus on fibre size and its relation to inspirability
and respirability (Fig. 1).

The upper linit of the geonetric dianeter of respirable
asbestos fibres is 3 uym obtained fromthe cut-off of the alveolar
fraction of spherical particles (aerodynanm c dianeter of 10 pm
specific gravity 1 g/cn?) (Fig. 1) and the average specific gravity
of asbestos (3 g/cn?). Wiile, in sone countries, the inspirable
fraction as a whole is covered when neasuring the concentration of
ai rborne asbestos, only the alveolar fraction (termed "respirable
dust") is used in the majority of countries (ILO 1984).
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The concentration of airborne fibres is expressed either as

fi bre nunber concentration, i.e., fibres/m, fibres/litre, or
fibres/n? (alveolar fraction) in the work-place and/or genera
envi ronment, or as mass concentration, i.e., mg/n’, in the work-

pl ace environment and for em ssion control (inspirable or alveolar

fraction) (EEC, 1983; |LO 1984), or ng/n’ in the genera
envi ronnent (al veol ar fraction).

When fibre nunber concentrations are determ ned by optica
m croscopy, particles having a dianeter of less than 3 um a
| ength-to-dianeter ratio greater than 3:1, and a length greater
than 5 ym are counted, since they are thought to be the nost

bi ol ogi call y-rel evant part of the alveolar fraction (EEC, 1983;

ILO, 1984). However, this conclusion is based mainly on studies on
animals involving intrapleural or intraperitoneal adninistration of
fibres, or intratracheal adm nistration. |In addition, alveolar
deposition is relevant for the induction of pleural and peritonea
nmesot hel i omas and interstitial fibrosis, but not for the production
of bronchial carcinomas in man, nost of which develop in the |arge
bronchi .

In the past, sanpling strategies have not always been
representative of workers' exposures. As an initial step, an
i nventory of the work-place exposure conditions should be
undertaken. The sanpling strategy should be deternined by the
nature of probable exposure at different work |locations. An
adequat e sanpling strategy can, and nust be, designed and strictly
foll owed, and shoul d include decisions on "where", "when", and "for
how | ong" to sanple, as well as on the acceptabl e nunber of
sanpl es. The sanpling procedure nust also be considered so that a
sanpling plan can be established. Details of sanpling strategies
and procedures can be found in the literature (US NI OSH, 1973,
1977; Robock & Teichert, 1978; Rajhans & Sullivan, 1981; Asbestos
I nternational Association, 1982, 1984; Robock, 1982; Valic, 1983;
ILO 1984; WHO, 1984).

Specific procedures for the eval uation of airborne asbestos
have been devel oped and sone have been standardi zed and used in
different countries (US EPA, 1978; US NI CSH, 1984; Asbestos
I nternational Association, 1982, 1984; EEC, 1983; I1LO, 1984; | SO
1984; COECD, 1984). These procedures usually provide guidelines for
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sanpling strategy in addition to collection and anal ytica
procedur es.

Sanpl es are collected by drawing a given volune of air through
a filter for a given length of tine, using punps that are able to
provide a constant and neasureable rate of flow The concentration
of the fibres deposited on the filter is subsequently deternined.

Personal sampling within the worker's breathing zone, as well
as static sampling at fixed |ocations, can be conducted, depending
on the purpose of the evaluation. Personal sanpling should be used
to assess a worker's exposure (e.g., for conpliance control and
for epidem ol ogical studies). Static sanpling is widely applied
for the evaluation of engineering control

Basi cally, the same principles should be applied in collecting
sanples for the determination of airborne fibre concentrations in
anbient-air (Asbestos International Association, 1984; VDI, 1984).
However, the sanpling strategy (e.g., location of sanple collection
points, duration of sanpling, etc.) varies fromthat in the
occupational environment (VDI, 1984).

The sane principles should also be applied in the collection of

sanpl es at the work-place to deternmine mass concentrations (ng/nt)
by gravinetric nethods (I1LO 1984).

2.3.1.2 \Water

Avai |l abl e technol ogy for determ ning asbestos in water is
described in a US EPA report (US EPA, 1983). The water sanple to
be analysed is initially treated with ozone and ultraviol et
radi ati on to oxidi ze suspended organic material. A capillary pore
pol ycarbonate filter (0.1 pumpore size) is then used to filter the
water sanple. The filter is prepared by carbon extraction
replication and then exam ned with a transni ssion el ectron
m croscope (TEM.

Si nce some problens may require | ess sophisticated
i nstrumentation, depending on fibre size, type, and concentration
and to mnimze expenditure, a nore inexpensive rapid nethod has
been devel oped to evaluate the need for the detail ed anal ysis of
wat er sanpl es suspected of containing asbestos fibres. This nethod
is not yet in comon use. Details of both the full nethod and the
rapid nmethod are given in US EPA (1983).

2.3.1.3 Biological tissues

Many techni ques have been devel oped for the recovery of minera
dust from human tissues (Langer et al., 1973; Gaudichet et al.
1980; Pooley & O ark, 1980). These include wet chenistry nethods
(e.g., formam de, glacial acetic and other acids, enzyne, alkali
and sodi um hypochl ori de di gestion), and physical nethods (e.g.
ashing using both | ow and high tenperatures) for tissue
destruction. The recovered residues can be assayed
gravinmetrically, by light mcroscopy or by el ectron beam

instrunmentation (Langer et al., 1973). 1In addition, with the

devel opment of the carbon-extraction replication technique, it is
possible to analyse, in situ, mnerals in tissue slides (Langer et
al ., 1972).

2.3.1.4 Ceol ogical sanples

The preparation of geol ogical specinens (rocks, soils, powdered
m neral specinens, etc.) for fibre analysis foll ows standard
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geol ogi cal techni ques for sanmple selection, splitting, and

chem cal - physi cal mineral separation. Detailed descriptions of the
many techni ques avail able is beyond the scope of this docunent
(Bowes et al., 1977).

2.3.2. Analysis

In general, the analytical procedures for fibre quantification
and identification are applicable to all types of sanples.

2.3.2.1 Light m croscopy

Several versions of a nmethod for counting respirable fibres on
filters, based on phase contrast |ight mcroscopy, have been
devel oped (Asbestos Research Council, 1971; Asbestos Internationa
Associ ation, 1982; US NIOSH, 1984). These are nost appropriate for
analysis in the occupational environnent, where fibre
identification is unnecessary. The nost wi dely recomended
procedure is the Menbrane Filter Method, based on the Asbestos

I nt ernati onal Associati on/RTM method, which has al so been adopted
by the European Econonmic Comunities (EEC, 1983) and the

I nternational Labour O fice (I1LO 1984). The sane principles are
now under discussion for acceptance by the International Standards
Organi zation (1SO, 1984). The deternination of fibres by phase
contrast microscopy has been widely discussed in the literature
(Rooker et al., 1982; Walton, 1982; I1LO 1984; Taylor et al.

1984).

M neral fibres down to about 0.25 pmin dianmeter (lower for
anphi bol es than for chrysotile) are visible and countable by this

method. Ildentification of specific fibre types is not possible
using this technique and, therefore, every fibre is counted as
"asbestos". The detection linmt of the nmethod, defined as the

m ni mum fi bre concentration that can be detected above the
background fibre count, is usually 0.1 fibre/m . Theoretically,
the detection Iimt can be | owered by increased sanpling tine, but
this cannot normally be achieved in industrial situations because
anbi ent dust levels |ead to overloading of the filter

Large systemati c and random observer differences in optica
fibre counts have been reported using the Menbrane Filter Method.
These can be reduced by sel ection of the proper equipnent, training
of personnel, and inter-|aboratory conparisons.

| mprovenent in the counting of fibres can be effected by the
automatic evaluation of filter sanples. In principle, such
eval uati ons can be conducted using i mage anal ysing systens (D xon &
Tayl or, 1979) or nagnetic alignnment conbined with scattered |ight
neasurenents (Gle & Tinbrell, 1980).

Finally, it must be stressed that the devel opnent, inprovenent,
and refinenent of the Menbrane Filter Method in recent years have
led to higher sensitivity and thus to nore reliable assessnment of
| evel s in the work-place.

2.3.2.2 Electron mcroscopy

Asbestos fibres nay represent a very snmall part of the total
nunber of particles in the general environnent, water, and
bi ol ogi cal and geol ogi cal sanples. Mreover, the types of fibres
may not be known, and the diameters of asbestos fibres found may be
smal l er than those found in the work-place environnment. Thus, an
el ectron mcroscopic technique is preferred for the anal ysis of
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these filter sanples. For exanple, scanning el ectron nicroscopy
(SEM, transm ssion electron mcroscopy (TEM STEM wth energy

di spersive X-ray anal yser (EDXA), and sel ected area el ectron
diffraction (SAED) (so-called analytical electron mcroscopy) can
be applied. Analytical electron m croscopy has been discussed in
the specialized literature (Oark, 1982; Lee et al., 1982; Steel et
al., 1982).

In order to establish a correlation with the results obtained
by phase contrast microscopy, the results of any fibre count

(aspect ratio > 3:1) nust contain the follow ng size fraction:

- fibres greater in length than 5 pumw th di aneters
between 0.25 pm and 3 um which represent the size
fraction recomended for counting by phase contrast
m croscopy.

When required, the follow ng size fractions can al so be
consi der ed:

- fibres greater in length than 5 umw th di aneters of
| ess than 0.25 pum and

- fibres shorter in length than 5 pumw th di aneters
greater than and/or smaller than 0.25 pm

The results obtained by the el ectron m croscopic assessnment of
concentrations of total fibrous particles and/or asbestos particles
have often only been published for an aspect ratio greater than
3:1, independent of length and dianeter. These results cannot be
conpared, since there are few data on the lower visibility Iimt
(magnification) and identification linmt with regard to the

di ameter, and since no correlation with the evaluation criteria for
measurenments in work-place environnents can be establi shed.

(a) Scanni ng el ectron m croscopy

Fibres with dianeters as snmall as 0.03 - 0.04 ymmay be visible
with this instrunent, depending on preparation and instrunentation
techni ques (Cherry, 1983). The scanning el ectron m croscope can be
used routinely to identify fibres down to a dianmeter of 0.2 um
when equi pped with an energy dispersive X-ray spectronetry system
(EDXA) in environnents where fibres are known. Limtations nay be
encountered in environnents where different nminerals have identica
el emental ratios; in this case, selected area electron diffraction
(SAED) is required for identification.

One advantage of SEMis that the filter (nenbrane or Nucl epore)
can be examined directly within the mcroscope, w thout the
generation of preparation artifacts.

(b) Transmi ssion el ectron m croscopy

A nodern Transni ssion Electron M croscope has a resol ution of
about 0.0002 uym which is nore than adequate for resolving unit
fibrils of any mneral. The TEM if equipped with EDXA, can
chemically characterize fibres down to a dianmeter of 0.01 pm In
addi tion, SAED permits the determnation of structural elenents of
crystalline substances. Wen sanples containing |large fibres are
anal ysed under simlar conditions, the detection limts are
conmparable for TEMand SEM As the sensitivity of analytica
instruments increases, so does the possibility of error in
nmeasurenent, e.g., the incorporation of adventitious mnera
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grains. This may result in erroneous fibre counts, especially in
the analysis of sanples with a low mneral fibre content.

The application of the TEMis very advant ageous because of the
possibility of structural characterization by neans of SAED, which
increases identification accuracy (Beaman & Wal ker, 1978).

2.3.2.3 Gavinetric determ nation

Various generally-known nethods are available for the
gravimetric evaluation of filter sanples (ng/n?) fromthe work-
pl ace environnment and exhaust em ssions, including the weighing of
the filter before and after dust sanpling or absorption of ionizing
radi ation. Qualitative and quantitative infrared spectronetry or X-
ray diffraction analysis (Taylor, 1978; Lange & Haartz, 1979), to
determ ne the conposition of dust, can be carried out on such
filter samples. These filters nust contain a relatively |arge nass
of dust. The disadvantage of gravinetric deternmination is that
there is no discrimination between fibrous and non-fibrous dusts,
and therefore, it is thought to provide a poor index of the health
hazards posed by asbestos-containi ng dust.

2.3.3. Oher nethods

Optical dust-nmeasuring instrunents, such as the Tyndall o-neter,
the Fi brous Aerosol Mnitor, and the Royco particle counter (ACAH,
1983), apply the light scattering principle for measuring dust
concentrations in the work-place environnent and in stacks of
central dust collectors. They are direct-reading instrunents to
whi ch a recorder can be connect ed.

The advant ages of these instrunents are:
(a) imredi ate | ocation of dust sources;

(b) instant determ nation of the efficiency of
dust - suppr essi on neasures;

(c) recording of fluctuations of dust concentrations; and
(d) determ nation of short-tinme peak concentrations.

However, these techniques are limted by dust concentration
particle norphol ogy, and the lack of specificity in terns of
particle identity.

These direct-reading instrunents are used mainly for static
nmoni toring, and for the evaluation of engineering control neasures.
For reliable evaluation of work-place air levels, these instrunments
shoul d be calibrated with work-place dust sanples of known
concentration.

2.3.4. Relationships between fibre, particle, and mass concentration

There is no general relationship between the results of fibre
counts and nmass neasurenents in the assessnment of the concentration
of asbestos and other natural mneral fibres in the various types
of environnental nedia.

Several attenpts have been nmade to establish conversion factors
bet ween mass neasurements and fibre counts (Bruckman & Rubi no,
1975; G bbs & Hwang, 1980). Although rel ationships for individua
wor k- pl aces and specific work practices have been determ ned, these
factors cannot be applied generally. The very wi de range of nunbers
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of fibres per unit weight for a given density as a function of
fibre size has been cal culated by Pott (1978) on a theoretica

basis (Table 3). 1In early anal yses for asbestos using el ectron

m croscopy, the sanple-preparation technique artificially increased
the number of fibres, and therefore, the authors usually
reconverted fibre counts to nass units. However, using electron

m croscopy, it is now possible to neasure asbestos fibres unchanged
and, thus, the conversion is not warranted.

Conversion of the results of measurenents of nunber of
particles per unit volune (nmppcf - millions of particles per cubic
foot) obtained with the M dget |npinger into nunber of fibres per
unit volunme (F/m) has presented simlar problens (Robock, 1984).
Wiil e the cal cul ated nean ratios (F/ cnt/ nmppcf) for various
industrial settings varied only between 3 and 8, there were large
variations within each industry; for exanple, in the textile
i ndustry, the experimentally-deternmined ratio varied from1.2 to
11.6 and, in mnes, between 0.5 and 47.4 (Robock, 1984).
Table 3. The nunbers of fibres per ng for different size categories
(cylindrical fibre shape, density 2.5); dianeter/length ratios in the second
l'i ne?

D anet er Length (um
(pm 0.625 1.25 2.5 5 10 20 40 80
0.031 819 200 409 600 204 800 102 400
1: 20 1:40 1: 80 1:160
0. 0625 204 800 102 400 51 000 25 600 12 800
1:10 1: 20 1: 40 1: 80 1: 160
0.125 51 200 25 600 12 800 6400 3200 1600
1:5 1:10 1: 20 1: 40 1: 80 1: 160
0.25 12 800 6400 3200 1600 800 400 200
1:2.5 1.5 1.10 1: 20 1: 40 1: 80 1: 160
0.5 1600 800 400 200 100 50 25
1: 2.5 1:5 1: 10 1: 20 1: 40 1: 80 1: 160
1.0 200 100 50 25 12.5 6.25
1:2.5 1:5 1:10 1: 20 1:40 1:80
2.0 25 12.5 6.25 3.2 1.6
1: 2.5 1:5 1: 10 1: 20 1. 40

&  From Pott (1978).
3. SOURCES OF OCCUPATI ONAL AND ENVI RONMENTAL EXPOSURE

Once liberated into the environnment, asbestos persists for an
unknown length of tine. The release of free fibres into the air
through both natural and human activities is the nost inportant
node to be considered. The main potential exposure sources are the
handl i ng, processing, and di sposal of dry asbestos and asbest os-
contai ning products. Fibres can also be rel eased through the
weat hering of geol ogical formations in which asbestos occurs or as
a result of the disturbance of these formations by nan.

3.1. Natural GCccurrence
Asbestos is widely distributed throughout the Ilithosphere, and
is found in many soils. Chrysotile, the nost abundant and

econom cal ly-inportant form is present in nbpst serpentine rock
formations in the earth's crust and workabl e deposits are present
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in over 40 nations; however, Canada, South Africa, the USSR, and
Zi nbabwe, have 90% of the established world reserves (Shride,
1973). On the other hand, the various anphi bol e asbestos ninera
types have a conparatively |imted geographical distribution
principally in Australia and South Afri ca.

The presence of ashestos ninerals as accessory nminerals in
geol ogical formations is quite conmmon throughout the world.
However, only a few of these deposits are conmmercially exploitable.
In Europe, the serpentine belt of the Al pine nobuntain chain
contains chrysotile as well as other mineral fibres. These rocks
can be disturbed by weathering, |and-slides, or by nman during such
activities as mning, road construction, and tilling of the soil

The total anount of asbestos enmitted fromnatural sources is
probably greater than that enmitted fromindustrial sources
However, no neasurenents concerning the extent of rel ease of
airborne fibres through natural weathering processes are avail abl e.

A study of the mineral content of the Greenland ice cap showed
that airborne chrysotile existed long before it was used
commercially on a large scale. The earliest dating in the ice
cores showed the presence of chrysotile in 1750 (Bowes et al.
1977).

There are al so sone data on | evels of asbestos in water
supplies due mainly to erosion fromnatural sources (e.g.
drinking-water in areas such as San Francisco, California;
Sher br ooke, Quebec; and Seattle, Washington).

I ncreases in the incidence of asbestos-rel ated di seases (e.g.
pl eural calcification and nmesotheliona) in areas in Bulgaria,
Czechosl ovaki a, Finland, G eece, and Turkey have served as a
surrogate indicator of exposure to other natural mneral fibres
(e.g., anthophyllite, trenolite, sepiolite, and erionite). The
results of such studies are discussed nore fully in section 8
(Buril kov & M chailova, 1970; Constantopoul os et al., 1985).

In the Federal Republic of Germany and the USA, asbestos
em ssi ons have been detected in quarries (Carter, 1977; Spurny et

al ., 1979b), and from quarried rocks used as road gravel (Rohl et
al ., 1977).

3.2. Man-Made Sources

3.2.1. Asbestos

Activities resulting in potential asbestos exposure can be
divided into four broad categories. The first category is the
mning and mlling of asbestos. The second is the inclusion of
asbestos in products that are currently being devel oped or
manuf act ured such as brake shoes, thermal insulation, floor tiles,
and cenment articles, and the nmani pul ati on of these products (e.g.,
repl acenent of brake shoes and insulation nmaterials). The third
potential source includes construction activities (cutting and
ot her manipul ations), particularly the renoval (e.g, tear-out or
stripping) or nmaintenance of previously-installed asbestos in
bui I di ngs or structures, and the denvolition of asbestos-containing
buil di ngs or structures. The fourth is the transportation, use, and
di sposal of asbestos or ashestos-containing products. |n each case,
appropriate work practices and control measures to prevent or
control the rel ease of asbestos nust be inplenmented (ILO 1984).
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3.2.1.1 Production

The worl d production of asbestos increased by 50% bet ween 1964
and 1973, when it reached a level of nearly 5 million tonnes. The
projected worl d demand for asbestos, based on historica
consunption figures and usage patterns through the nid-1970s,

i ndi cates nore than a doubling by the year 2000. However, world
production figures for the period 1979-83 showed a decline in
production (Table 4). Fig. 2 shows a drastic decline in nmajor
asbestos uses in the USA in the period 1977-83. The only
substantial increase in asbestos denmand seens to be occurring in
devel opi ng countries (Cifton, 1980), and in sonme European
countries. Industrial Mnerals (1978) reported that the market for
some natural mineral fibres, other than asbestos, is grow ng
rapidly as a result of the constant search for asbestos
substitutes. This is, in part, a result of the legislative
restrictions on ashestos in some countries.

Table 4. World production figures on asbestos (tonnes)?

Country 1979 1980 1981 1982 1983
Af ghani st an 4000
Argentina 1371 1261 1280 1218 1350
Australia

Chrysotile 79 721 92 418 45 494 18 587 20 000
Brazi | 138 457 170 403 138 417 145 998 158 855
Bul gari a 600 700 400 600 700
Canada

Chrysotile 1492 719 1 323 053 1 121 845 834 249 820 000
Chi na 140 000 131 700 106 000 110 000 110 000

Country 1979 1980 1981 1982 1983
Cyprus

Chrysotile 35 472 35 535 24 703 18 997 17 288
Czechosl ovaki a 564 617 388 342 325
Egypt 238 316 325 310 325
I ndi a

Anphi bol e 32 094 33 716 27 521 19 997 17 288
Italy 143 931 157 794 137 000 116 410 139 054
Japan

Chrysotile 3362 3897 3950 4135 4000
Korea, Republic of 14 804 9854 14 084 15 933 12 506
Mozanbi que 789 800 800 800 800
South Africa

Anpsi te 39 058 51 646 56 834 43 457 40 656

Crocidolite 118 301 119 148 102 337 87 263 87 439

Chrysotile 91 828 106 940 76 772 81 140 93 016
Swazi | and

Chrysotile 34 294 32 833 35 264 30 145 28 287
Tai wan 2957 683 2317 2392 2819
Tur key 38 967 8882 2833 23 283 22 596
USAP 93 354 80 079 75 618 63 515 69 906
USSR 2 020 000 2 070 000 1 105 000 2 180 000 2 250 00O
Yugosl avi a 9959 10 468 12 206 10 748 9663
Zi mbabwe

Chrysotile 259 891 250 949 247 503 197 682 153 221
Worl d Tot al 4 800 000 4 700 000 4 300 000 4 000 000 4 100 000
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From BGS (1983).
b Sold or used by producers.

Note: In addition to the countries listed, the Denocratic Peoples
Republ i ¢ of Korea and Romani a are al so believed to produce asbestos.

3.2.1.2 Mning and nmlling

Asbestos ore is usually mined in open-pit operations. Possible
sources of particulate (asbestos) emi ssions include: drilling,
bl asting, |oading broken rock, and transporting ore to the primary
crusher or waste to dunps. Subsequently, the ore is crushed and
may | ead to exposure fromthe foll ow ng em ssion sources: unloading
ore fromthe open pit, primary crushing, screening, secondary
crushi ng, conveying and stockpiling wet ore. A drying step
foll ows, which involves conveying the ore to the dryer building,
screening, drying, tertiary crushing, conveying ore to dry-rock
storage building, and dry-rock storage. The next step is the
mlling of the ore. 1In well-controlled mlls, this is largely
confined to the mill building and presents very little emission to
the air because the mll air is collected and, usually, ducted
through sonme particulate matter control device

Few attenpts have been nmade to quantify fibre em ssions from
mning and mlling operations.

130

100

an

Flooring #&sbestos Roofing Frictionm Coatings

Cerment Froducts and
Fipe Cormpounds
Ashestos Roofing Friction Coatings and

Vear Flooring Cerment Fipe products products cormnpounds
1977 150 115 To ar i1
1978 135 106 3] 53 i3
19749 125 £l S8 43 a0
1980 1] 42 o4 32 11
1981 67 42 16 51 13
1988 LE] it T a3 25
1983 45 26 & 45 23

Trend showing the decline of major ashestos uses in the TTS5A
during the 1977-%3 period. From: Clifton {1985). Table gives

end-use data in thousands of metric tonnes.

3.2.1.3 Uses

Asbest os has been used in thousands of applications (Shride,
1973). The way in which asbestos has been incorporated into
various end-products is illustrated in Fig. 3. There are wide
variations in the pattern of use of asbestos in various countries.
For exanple, in sone countries, the production and application of
sone of these asbestos products has been discontinued, in part,
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because of serious health risks associated with their production
In some countries, there are also secular trends in the pattern of
usage, i.e., decrease in the production of insulation and increase
in the manufacture of friction materials. The products in group
cannot all be regarded as end-products but are generally used in
conjunction with water as insulating plasters, cenment, or spray

m xtures. The greatest use of asbestos fibres lies in the

manuf acture of conposites (group Il1). The cenent variety, i.e.
asbestos cenent, constitutes a major conponent of this group

QO her products of major inportance are friction nmaterials,

i nsul ation boards, nillboard and paper, reinforced plastics, and
vinyl tiles and sheets. Asbestos can be spun into yarn and woven
into cloth. The resulting textile products (group IIl) can be used
for further processing into friction materials, packings, and

| am nates, or may find direct applications such as insulation
cloth, protective clothing, fire protection, and electrica

i nsul ati on.

A list of the nbst inportant asbestos-containing products and
their approximate fibre contents is given in Table 5. The
references in the right-hand colum refer to Fig. 3.

It should be noted that the extent to which respirable fibres
are produced depends on the type of asbestos product and how it is
mani pul at ed.

3.2.2. Oher natural mneral fibres

O her natural mineral fibres may be present in air in
respirable formor may becone respirable as a result of
mani pul ati on. The di mensi ons of these fibres are conparable with
t hose of asbestos.

(a) Fi brous zeolites

Erionite has been mned in the USA for use in ion-exchange
processes, for the retention of nitrogen in fertilizers, and for
use in concrete aggregate or road surfacing. Sone of these
applications, as well as natural weathering, nmay lead to
significant fibre concentrations in the local air (US NRC NAS
1984). Fibres may al so be found in drinking-water as a result of
nat ural weat heri ng.
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asbestos fibres

I I I

I II III
loose fibre mixtures asbestos composites {bonded) asbestns textiles
1

pure ashestos mixtures inorganic organic 12 & 14
writh inorganic materials
I
Vurn sllver
[ [ | [ | rovings
] 3 4 5 ] 7 b 11
I I I I
cernent diatomaceous Fortland elastomers
EWPsSUINn earth cermnent WO ETL
bitumin
worious coaltar plmted
hwdrous calcium silicate
bazic moasgnesium carbonate .
plastics
k] 10 clc\th tuhlng
thermoplastic wehh1ng
resins
thermosetting
resins

Applications of ashestos fibres. From: CEC {1977).

Table 5. Asbestos products and asbestos contents?

Appr oxi mat e Asbest os

Ref er ence
to Fig. 3

-6, 11-5
-1

-4, I1-5
-8, 111-18

I1-10

11
I1-9

I1-9, 11-10

asbest os fibre
cont ent typeP
(% wei ght)
1. Asbestos-cenent 10 - 15 C A O
bui I di ng products
2. Asbest os-cenent 12 - 15 C C, A
pressure, sewage,
and drai nage pi pes
3. Fire-resistant 25 - 40 A C
i nsul ati on boards
4. Insulation products 12 - 100 A C C
i ncl udi ng spray
5. Jointings and 25 - 85 C O
packi ngs
6. Friction materials 15 - 70 C
7. Textile products 65 - 100 C O
not included in (6)
8. Floor tiles and 5- 7.5 C
sheet s
9. Mul ded pl astics 55 - 70 C O
and battery boxes
10. Fillers and rein- 25 - 98 C Cr

forcenents and
products made

-7, 11-11
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thereof (felts,

m || board, paper,
filter pads for

Wi nes and beers,
underseal s, nastics,
adhesi ves, coati ngs,
etc.

&  From CEC (1977).
b

A = anpsite (not used in all countries); C = chrysotile;
Cr = crocidolite (not used in all countries).

(b) Pal ygorskite (attapul gite)

Avai l abl e data on the production of attapulgite in various
countries are presented in Table 6

Table 6. World production of attapulgite and sepiolite?

Country Annual production of Annual production of
attapul gite (tonnes) sepiolite (tonnes)

France unknown 2800

I ndi a 10 000

Senegal 16 700

Spai n 50 000 236 000

USA 700 000

& Mdified from Bignon et al. (1980).

The USA is the biggest producer and consumer of attapul gite;
consunption currently exceeds 700 000 tonnes and is alnost triple
that of asbestos. The consunption figures for various uses of
attapulgite in the USA are listed in Table 7. An additional 100 000
tonnes is exported fromthe USA each year (US Bureau of M nes,

1982). Sinilar data for other countries are not avail abl e.

Table 7. Uses of attapulgite in the USA®

Use 1981 consunption
(1000 tonnes)

Drilling mud 173.5

Fertilizers 50. 2

Filtering (oil and grease) 18. 7

O | and grease adsorbents 178.2

Pesticides and rel ated products 106.5

Pet waste adsorbent 105.8

Medi cal , pharnaceuti cal, 0. 06

cosnetic ingredients

O her uses 79.5

Tot al 712. 46

&  From US Bureau of Mnes (1982).

In France, attapulgite is used in drugs for the treatnent of
gastrointestinal diseases (Bignon et al., 1980); in the USA it is
a conponent of non-prescription antidiarrhoeal drugs (Physicians'
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Desk Reference, 1983).

The potential environmental effects of attapulgite were
reviewed by the US NRC/NAS (1984). It was stated that, when used
in such products as pet waste adsorbents, fertilizers, and
pesticides, substantial anounts of attapulgite could be rel eased
into the air. Attapulgite has also been found in water supplies
(Mllette et al., 1979b).

(c) Sepiolite

Avai |l abl e data on the production of sepiolite in severa
countries are presented in Table 6

M nerals that contain sepiolite are used as cat litter

3.2.3 Manufacture of products containing asbestos

3.2.3.1 Asbestos-cement products

Throughout the world, the asbestos-cenment industry is the
| argest user of asbestos fibres. Asbestos-cenent products contain
10 - 15% asbestos, nostly in the formof chrysotile, though limted
amounts of crocidolite nmay be used in | arge-size asbestos-cenent
pi pes, to give the required strength as well as to increase the
speed of production. The nost inportant products are asbestos-
cenment pipes and sheets. Products are prinmarily manufactured in
wet processes.

Possi bl e em ssion sources are: (a) the feeding of asbestos
fibres into the mx; (b) blending the mx; and (c) cutting or
machi ni ng end products. Enmi ssions may range fromnegligible to
significant according to the dust control neasures and technol ogy.
Em ssions can al so occur from sources other than processing
operations, such as the inproper handling and/or shipnment of dry
mat eri al s contai ni ng asbestos and during the cutting or machining
of end-products. Recently, control measures have been devel oped
and approved in the Federal Republic of Gernany
(Ber uf sgenossenschaftliches Institut fir Arbeitssicherheit, 1985),
whi ch have reduced airborne levels in the immediate vicinity by 1 -
2 orders of magnitude, generally, to less than 1000 fibres/litre.

3.2.3.2 Vinyl asbestos floor tiles

The second | argest user of asbestos fibres in the USA is the
asphalt and vinyl floor tile manufacturing industry. This type of
tile has found increased use in many countries because of its
durability and inperneability to water.

3.2.3.3 Ashestos paper and felt

Products cl assified as asbestos paper and felt range fromthin
paper to 1 cmthick mllboard, which contains up to 97% asbest os.
The feed for paper nachines is prepared by m xing short chrysotile
fibres with water and binders. Since papernaking is a wet process,
little ashestos dust is generated during manufacture. However,
finishing operations, such as slitting and cal enderi ng, may be
sources of dust emission. The use of ashestos paper and felt is
declining in some countries.

3.2.3.4 Friction materials (brake linings and clutch facings)

Moul ded brake linings are used on disc and drumtype car
brakes. Wven brake linings and clutch facings for heavy use are
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nmade from hi gh-strength asbestos yarn and fabric reinforced with

wire; this material is dried and inpregnated with resin. 1In the
nmoul di ng process, the asbestos fibres and other constituents are
conmbined with the resin, which is thernoset. Final treatnent

i nvol ves curing by baking, and grinding to customer specifications.
Em ssions may range fromnegligible to significant dependi ng on
dust control neasures and technol ogy.

3.2.3.5 Asbestos textiles

Asbestos textiles are used in the manufacture of fire-resistant
garnments, sealing materials, wcks, and thermal insulation, or as
an intermedi ate product in brake |inings, clutch facing,

i nsul ati on, and gaskets. Asbestos textile nmanufacturing is the
dustiest of all asbestos-nanufacturing processes, and dust
emanating fromthis process is nore difficult and costly to
control. However, during the past decade, enissions have been
substantially reduced in countries in which inproved contro
nmeasures and technol ogy have been i npl enent ed.

3.2.4 Use of products containing asbestos

Few data are available on fibre em ssions during the use of
products contai ning asbestos or other mneral fibres. In nost
construction materials and consunmer products, the fibres are firmy
bound or encased in a solid nmatrix and are not expected to be
rel eased under nornal conditions, but may be emitted during
mani pul ati on or renovation of such materials or products (e.g.
fibre I evels neasured by light mcroscopy in the vicinity of such
activities as renoval of pipe |agging containing asbestos or the
sandi ng of asbestos-containing drywall topping and spackling
conpounds may approach or exceed current occupational exposure
l[imts) (Fischbein et al., 1979; Sawer & Spooner, 1979).

4. TRANSPORT AND ENVI RONVENTAL FATE
4.1 Transport and Distribution

Once in the environnment, fibres are mainly transported and
distributed via air and water.

4.1.1 Transport and distribution in air

Airborne mneral fibres are stable and may travel significant
di stances fromthe site of origin. Airborne asbestos fibres, for
exanpl e, have aerodynam c dianmeters that are generally |less than
0.3 pum and, therefore, their sedinmentation velocities are very
| ow. Measurenents concerning the transport and distribution of
specific mneral fibres have been made under certain environnental
conditions and at specific |ocations (Laamanen et al., 1965;
Heffel finger et al., 1972; Harwood & Bl aszak, 1974; US EPA, 1974).

Cal cul ati ons using a dispersion nodel froma point source
(Harwood & Bl aszak, 1974) indicated that concentrations of airborne
fibres of small dinension decreased very slowy wth increasing
di stance. This study underscores two inmportant characteristics of
ambient air fibre burden:

(a) fibres are transported great distances from point
sour ces; and

(b) fibres in anbient air are small in size, requiring
el ectron beaminstrunentation for detection
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4.1.2 Transport and distribution in water

Long-range transport of asbestiformfibres in water has been
reported. Cooper & Murchio (1974) concluded that chrysotile
fibres present in tap-water in San Francisco, California, were
actually introduced at a reservoir nany kmsouth of the city.
Ni chol son (1974) attributed the presence of anphibole fibres in the
muni ci pal water supply of Duluth, Mnnesota, to the transport, over
96 km of taconite tailings froma Silver Bay mining operation. 1In
this instance, transport resulted frombottomcurrents in Lake
Superi or.

4.2 Environnmental Transformation, Interaction, and Degradation
Processes

M neral fibres are relatively stable and tend to persist under
typical environmental conditions. However, ashestos fibres may
undergo chemical alteration as well as changes in dinension. For
exanpl e, chrysotile, and to a | esser extent anphi bole, asbestos
fibres are capable of chemi cal alteration in aqueous nedia. The
magnesi um hydr oxi de content of chrysotile is partially or wholly
renoved by sol ution, depending on tine, tenperature, and pH An
insoluble silica skeleton of the fibre remains. Gunerite fibres,
of which anpsite is the known comercial form have been reported
to react with water, losing some iron on extended exposure to |ake

water; the fibres appeared partially degraded and broken when
exam ned microscopically (Kraner et al., 1974).

The conparative solubility of selected nmineral fibres has been
studi ed and a general trend deternined: chrysotile > anosite >
actinolite > crocidolite > anthophyllite > trenmolite (US
NRC/ NAS, 1977). Because of their high adsorption properties, it is
thought that some mineral fibres may adsorb and carry various
organi ¢ agents present in the environnent.

5. ENVI RONMENTAL EXPCSURE LEVELS

Asbestos is ubiquitous in the environnent because of its
extensive industrial use and its dissenination through erosion from
natural sources. Qher natural mneral fibres also occur in the
environnment and may, at tines, be present at sinilar or even higher
concentrations than asbestos, depending on |ocal conditions. Since
the size distributions of such fibres are often sinmlar to those of
asbestos, it is likely that distribution patterns in the
environment will also be simlar

It is difficult to conpare available data on airborne fibre
| evel s because of inconsistencies in both the nmethods of sanpling
and anal ysis, and the expression of results. In nbst countries,
for instance, airborne fibre concentrations in the work-place are
expressed as fibre/m or mg/nf. For concentrations in anbient
air, fibre/litre, fibre/n’, and ng/n’ are comonly used. Fibre
concentrations in biological materials are usually expressed in
fibre/g or in pg/g of the dry tissue.

In this section, the available data will be discussed in terms
of occupational, para-occupational (household and nei ghbourhood),
and general environnental (air and other nedia) exposure.

5.1 Air

5.1.1 Cccupational exposure
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Exposure levels for different types of asbestos and ot her
m neral fibres vary considerably within and between industries.

This discussion will be linmted to data obtai ned by the
Menbrane Filter Method and expressed as fibre/m. On the basis of a
review of historical data, ranges of levels in various industries

wi thout or with poor dust suppression neasures are illustrated in
Fig. 4. In recent years, concentrations in many countries have been
much | ower than those illustrated because of the introduction of

engi neering controls. For exanple, results of nore recent personal
exposure neasurenents made during various operations involving the
manuf act ure of asbestos-containing products in the United Kingdom
between 1972 and 1978 indicate that, in nost cases (54 - 86.5%,

| evel s were below 0.5 fibres/nml (Table 8). Data fromvarious
branches of the asbestos industry in France (Table 9), indicate

| evel s that are achi evabl e by current dust control nethods.

The reduction in levels over time is even greater than is
refl ected by the data, because of the increased sensitivity (3x) of
the currently-used Menbrane Filter Method, conpared with the
sensitivity of previously-used nethods for the deternination of
ai rborne asbest os.

L Industry
L n &
b e
E n B g
o B e i
sLEE L E E xS E 3
10 a 0y E'I' L= ¥ gpu 2
g 182 2 i E 8w
= By B 40 ;5 o
108 Bk b
= ]
g g
- [T
B0l o
E O
o £ fibrefml
Q i fibreinnl
]
1 Fara—-Occupation
1 r
10-2 madimum concentrotion
i
General Enwironment

Awverage ashestos fibre concentrations
{between crossheams) and short—-term
peak concentrations {darts) at work
places in the warious branches of the
international asbestos industry,

writhout or with few or poor dust
suppression measures, as well as
maximum concentrations inm the

general environment. Adapted from:
Eobock {1981).

However, it should be noted that there are countries in which
effective dust control neasures have not been introduced; current
levels in these countries nay approach those illustrated in Fig. 4
(deru, 1980).

Table 8. Asbestos levels in different nmanufacturing
i ndustries in the United Kingdom 1972-782
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I ndustry Nunber of Per cent age of results’
results < 0.5 <1.0 <20
(fibres/m)
Asbest os cenent 845 86.5 95.0 98.5
M | | boar d/ paper 135 87.0 98.2 99.6
Friction materials 900 71.0 85.5 95.0
Textil es 1304 58.5 80.7 95.0
I nsul ation board 545 54.0 72.5 88.6
& From Health and Safety Conmi ssion (1979).
b

4-h sanpl es.

Table 9. Asbestos fibre concentrations in 1984 in various
branches of the asbestos industry in France?

Branch Fi bre concentrations (fibre/m) Tot a
------------------------------------ nurmber of
< 0.5 0.5-1 1-2 > 2 poi nts

Asbest os cenent

Nunber s 261 11 6 1 279
Per cent age 93.5 3.9 2.1 0.3

Friction materials
Nurnber s 249 84 55 8 396
Per cent age 62. 8 21.2 13.8 2.0

Textile
Nurber s 81 25 17 1 124
Per cent age 65. 3 20.1 13.7 0.8

Q hers
Nunber s 41 14 0 1 56
Per cent age 73.2 25.0 0 1.7

Tot al
Nurber s 632 134 78 11 855
Per cent age 73.9 15.6 9.1 1.2

&  From AFA (1985).
Nunbers of points in work-place areas.

5.1.2 Para-occupational exposure

Menbers of the families of asbestos workers handling
contam nated work clothes (a practice which should be di scouraged),
and, in sone cases, nenbers of the the general popul ation nmay be
exposed to el evated concentrations of airborne asbestos fibres.
Asbest os has been used widely in building materials for donestic
application (e.g., asbestos-cenent products and floor tiles), and
el evated airborne | evel s have been measured during the manipul ati on
of these naterials (e.g., home construction and renovation by the
honeowner) .

In this and the followi ng section, only data obtai ned by

el ectron microscopy will be considered, because of the necessity of
i dentifying asbestos and distinguishing it fromother inorganic
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fibres that may al so be present in anbient air. |In addition, only
data obtained using direct preparation nethods w thout alteration
of the fibrous material and reported as fibre nunber concentrations
wi || be included.

Asbestos levels in the air of mining tows in Quebec have been
determ ned recently by transm ssion el ectron m croscopy using
direct transfer sanple preparation techniques. Sanples were
collected in June 1983 at 11 sites in 5 mning conmunities |ocated
downwi nd from asbestos mnes. Sanpling was al so conducted at a
control site in Sherbrooke, Quebec. The overall nean asbestos
concentrations in the sanples fromthe mning tows were 47.2
fibres/litre (total) and 7.8 fibres/litre (> 5 un). Mean val ues
for each of the sites sanpled ranged up to 97.5 fibres/litre
(total) and 20.6 fibres/litre (> 5 un). For the contro
community, the mean values were lower - 14.7 fibres/litre (total)
and 0.7 fibres/litre (> 5 um (Lebel, 1984).

Measurenents were carried out in 1983 and 1984 in vari ous
m ning areas in Canada and South Africa (Robock et al., 1984;
Selles et al., 1984) using scanning electron microscopy with energy
di spersive X-ray analysis (Asbestos International Association
1984). Total inorganic fibre and asbestos fibre concentrations,
using the counting criteria used in the Menbrane Filter Method
(>5 pumin length; <3 pmin dianmeter; aspect ratio > 3:1) and
eval uated in the sane | aboratory, are shown in Table 10.

Level s of asbestos in the vicinity of industrial sources in
Austria have al so been reported (Fel bermayer & Ussar, 1980).
Applying the counting criteria described above, levels in sanples
taken in the vicinity of an asbestos deposit in Rechnitz averaged
0.2 fibres/litre (range O - 0.5 fibres/litre). |In the vicinity of
an asbest os-cenent plant (Vockl abruck), the nean concentration was
0.5 fibres/litre (range 0 - 2.2 fibres/litre).

Table 10. Fibre concentrations in mning areas of Canada
and South Africa®P

Area Locations Concentration (fibres/litre,
| onger than 5 um
Total inorganic Asbest os

Canada (Quebec area)

Resi denti al (1) 3.2 1.8
areas near (2) 3.1 0.9
asbestos nines (3) 0.9 0.2

South Africa

Downwi nd mi || (1) 600. 0 600. 0°
(2) 81.6 80. 3
(3) 8.6 8.6
(4) 300.0 300. 0¢
(5) 10. 6 9.3
(6) 4.9 2.4
Resi dences of (1) 6.3 6.0
asbestos m ne (2) 7.4 7.1
wor ker s (3) 2.7 2.0
(4) 11.0 11.0
(5) 3.2 3.2
(6) 8.1 7.3

Table 10 (contd.)
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Area Locations Concentration (fibres/litre,
| onger than 5 pm
Total inorganic Asbest os
Resi denti al (1) 1.0 0.8
areas near (2) 0.6 0.3
asbest os nines (3) 1.1 0.7
(4) 0.4 0.2
(5) 0.8 0.2
(6) 0.8 0.5
Near a magnesi um 1.5 0.1
m ne
Near an iron 1.5 0.3
ore mne

From Robock et al. (1984) and Selles et al. (1984).
Practical limts of error, 95% (Poisson's distribution),
for the cal culated concentrations of fibres/litre depend
on the nunber of fibres found in 1 m? of the tota
filter surface; for 0.1 fibre/litre, the range is

0.002 - 0.6 fibres/litre; for 1 fibre/litre, the range
is 0.5 - 1.8 fibres/litre).

Unprotected tailing dunp.

Truck | oaded with soil

In general, the data indicate that |evels of airborne asbestos
fibres (> 5 umin length) in residential areas in the vicinity of
industrial sources are within the range of those in urban |ocations
(up to 10 fibres/litre) or, in sone cases, slightly higher

5.1.3 Anbient air

Avai l abl e data on asbestos levels in anbient air, determ ned
by a variety of sanpling, instrunmental, and counting techni ques,
were reviewed by Lanting & den Boeft (1979). Levels were
significantly |ower than those in the occupational environnent.

More recent data on levels of asbestos in outdoor air,
determned by currently-accepted techniques, are presented in Table
11. Only levels neasured as fibre count concentrations are
presented as these are relevant to health effects. On the basis of
these data, it can be concluded that |evels of asbestos fibres
(length > 5 um at renmpte | ocations are generally less than 1
fibre/litre. Levels in urban air generally range from< 1 up to
10 fibres/litre (occasionally, |levels exceed this value). Mean
concentrations of other inorganic fibres of the sane dinensions are
generally up to an order of mmgnitude higher, or occasionally nore.

Recently, there has been concern about potential exposure to
asbestos in the air of public buildings with friable surfaces of
sprayed asbestos-containing insulation. Sprayed asbestos was used
extensi vely between the 1940s and 1970s on structural surfaces (to

retard collapse during fire) and on ceilings (for purposes of
acoustic and thermal insulation and decoration). The results of
avai |l abl e studies on ashestos levels in indoor air are presented in
Table 12. These values are usually within the range of those found
in anbient air (i.e., generally do not exceed 1 fibre/litre, but
may be higher, up to 10 fibres/litre).

5.2 Levels in Gher Mdia
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Asbestos is introduced into water by the dissolution of
asbest os-containing mnerals and ores, fromindustrial effluents,
at nospheric pollution, and asbestos-cenent piping. The presence of
asbestos fibres in drinking-water was first reported in Canada in
1971 (Cunni ngham & Pontefract, 1971) since when surveys of asbestos
concentrations in various public water supplies have been conducted
i n Canada (Canada, Environnental Health Directorate, 1979), the
Federal Republic of Germany (Meyer, 1984), the United Ki ngdom
(Comm ns, 1979), and the USA (Mllette et al., 1980).

On the basis of a conpendi um of published and unpublished
surveys in which 1500 water sanples from 406 cities in the USA were
anal ysed (using various sanpl e-preparation techniques), it was
concluded that the majority of the popul ati on consunes dri nki ng-
wat er contai ning asbestos fibre levels of less than 1 x 10%litre?
(Mllette et al., 1980). |In sone areas, however, |evels of between
1 and 100 x 10° fibres/litre were recorded and | evel s as high as
600 x 10% fibres/litre were reported for one water supply
contam nated with anphibole fibres fromthe processing of iron ore.

A nation-w de survey of asbestos levels in drinking-water from
71 | ocations across Canada (serving 55% of the popul ation) was the
basis for an estimation that 5% of the popul ation recei ves water
containing | evels higher than 10 x 10° fibres/litre, about 0.6%
recei ves water having nore than 100 x 10° fibres/litre (Canada,
Envi ronnental Health Directorate, 1979). Levels as high as 100 x
10° fibres/litre in sone areas were attributable to erosion from
natural sources. Levels in drinking-water supplies in the United
Ki ngdom have been reported to range up to 2.2 x 10° fibres/litre
(Comm ns, 1979).

The size distribution of asbestos fibres in water supplies
differs fromthat of airborne asbestos. 1In general, fibre Iengths
are nmuch shorter; median values of 0.5 - 0.8 pum have been reported
(Canada, Environmental Health Directorate, 1979). Available data
also indicate that the rel ease of fibres from asbestos-cenent
piping is related to the aggresivity of the water (Canada,

Envi ronmental Health Directorate, 1979; Meyer, 1984), and that
conventional treatnment processes involving chenical coagul ation
followed by filtration effectively reduce | evels in drinking-water
suppl i es.

Table 11. Fibre concentrations in outdoor air

Area Concentration (fibres/litre)? Counting criteria
Tot al Asbest os
i norganic Tot al > 5 um
AUSTRI A
Leoben
(heavy traffic) 7.0 4.6 length: > 5 pum
diameter: 0.2 - 3
(SEM
Schal chham
(low traffic) 1.7 0.1 length: > 5 pum
diameter: 0.2 - 3
(SEM
Village with 4.6 <0.1 length: > 5 um
ashest os- cenent dianeter: 0.2 - 3
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roof i ng (SEM
Village w thout 4.3 <0.1 length: > 5 pum
ashest os- cenent dianeter: 0.2 - 3|
roof i ng ( SEM
Renote rural 1.4 <0.1 length: > 5 um
ar eas dianmeter: 0.2 - 3 |
(SEM
Table 11. (contd.)
Area Concentration (fibres/litre)? Counting criteria
Tot al Asbest os
i norganic Tot al > 5 pm
CANADA
Ontario
Met r opol i tan <2-9 length: > 5 um
Toront o di ameter: all
(TEM
Sout hern <2-4 length: > 5 um
Ontario di aneter: all
(TEM
Toronto 0 - 13" length: > 5 pm
(busy diameter: all
i ntersection) (TEM
M ssi ssauga 0 - 11° length: > 5 pm
diameter: all
(TEM
Cakville 0 - 8° length: > 5 um
di aneter: all
(TEM
Bracebri dge 0- 2° | ength: > 5 pum
(renmote rural di ameter: all
| ocat i on) (TEM
Pet er bor ough 0 - 4b length: > 5 pum
di aneter: all
(TEM
Quebec
Sher br ooke 0.7 length: > 5 um
di aneter: all
(TEM
Table 11. (contd.)
Area Concentration (fibres/litre)? Counting criteria
Tot al Asbest os
i norganic Tot al > 5 um
GERVANY, FEDERAL REPUBLI C OF
Wanne- Ei ckel
300 m downwi nd 90.0 | | 10 2.0 length: > 5 um
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from asbest os- diameter: 0.2 - 3

I I
cenment plant | | (SEM
I I
700 m downwi nd 70.0 | | 4 0.8 length: > 5 pum
from asbest os- | | dianeter: 0.2 - 3
cenment plant | | (SEM
1000 m downwi nd 60. 0 | | 4 0.6 length: > 5 um
from asbest os- | | di aneter: 0.2 - 3
cement plant | | (SEM
I I
Dor t mund | all |
dwel I'i ng 30.0 | lengths | 3 0.2 length: > 5 um
ar ea > < dianmeter: 0.2 - 3
| all | (SEM
| dianeters
crossing 60.0 | | 8 0.9 length: > 5 pm
wi th heavy | | dianmeter: 0.2 - 3
traffic | | ( SEM
I I
Cel senki rchen 50.0 | | 10 5.0 cal cul at ed
| | length: > 5 um
| | di aneter: 0.2 - 3
I I (SEM
Diissel dor f 20.0 | | 6 1.0 cal cul at ed

| | length: > 5 um
| | diameter: 0.2 - 3

---- ---- ( SEM
Table 11. (contd.)
Area Concentration (fibres/litre)? Counting criteria
Tot al Asbest os
i norganic Tot al > 5 um
SQUTH AFRI CA
Johannesbur g
(centre/traffic) 3.2 0.2 length: > 5 pm
dianeter: 0.2 - 3
(SEM
Langa
(asbest os- cenent 1.7 0.2 length: > 5 pum
appl i cation) diameter: 0.2 - 3
(SEM
Sowet 0
(asbest os- cenent 1.4 0.2 length: > 5 pum
application) dianmeter: 0.2 - 3
(SEM
Frankf ort
(rural) 0.2 <0.1 length: > 5 um
dianeter: 0.2 - 3
(SEM
at Cape Point
(reference) <0.1 <0.1 length: > 5 um
dianeter: 0.2 - 3
(SEM
USA
California
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Upwi nd of <0.2- 11 | engt h: al
an asbest os di aneter: al
pl ant
a Practical limts of error, 95% (Poisson's distribution), for the cal cul ated ¢

fibres/litre depend on the nunber of fibres found in 1 mf of the total filte
fibre/litre, the range is 0.002 - 0.6 fibres/litre; for 1 fibre/litre, the r:
fibres/litre.

95% confidence limts.

Table 12. Levels of asbestos fibre concentrations in indoor air

Area Nunmber of Concentration® Counting criteria Ref ¢
sanpl es (fibres/litre)
Canada
In 3 public buildings not < 2P length: > 5 um Chat
with anosite- appl i cabl e di ameter: al

containing insulation

In 7 public buildings not <4to<9 length: > 5 pm Chat f
with chrysotile- appl i cabl e di aneter: al
containing insulation

In 19 public buildings 14 0to 0.3 length: > 5 um Pi ni
wi th asbest os- di ameter: al
containing insulation

Ger many, Federal Republic of

Sporting halls 45 0.1to 1.1 length: > 5 pum I ns
(sprayed diameter: 0.2 - 3 um Fib
crocidolite (19
School s (sprayed 5 0.1to 11.0 length: > 5 um I ns
crocidolite) dianmeter: 0.2 - 3 um Fib
(19
Publ i ¢ buil di ngs 5 0.1to0 0.2 length: > 5 um I ns
(asbest os- cenent diameter: 0.2 - 3 um Fib
air ducts) (19
Publ i ¢ buil di ngs 3 0.1to 0.2 length: > 5 um I ns
(asbest os- cenment dianeter: 0.2 - 3 um Fib
sheet s) (19
Publ i ¢ buil di ngs 1.0 to 10.0 length: > 5 um Loh
(sprayed asbest 0s) diameter: 0.2 - 3 pm
Homes (el ectri cal 0.1to 6.0 length: > 5 pum Loh
st orage heaters) diameter: 0.2 - 3 um
a Practical limts of error, 95% (Poisson's distribution), for the calcul ated ¢

fibres/litre depend on the nunber of fibres found in 1 nmmf of the total filte
fibre/litre (range 0.002 - 0.6 fibres/litre) and for 1 fibre/litre (range O.
95% confidence Iimts.

The extent of asbestos contanination of solid foodstuffs has

not been well studied because a sinple, reliable analytical nethod

is lacking. Foods that contain soil particles, dust, or dirt

al nost certainly contain asbestos fibres. Foodstuffs may al so

contain ashestos fromwater or frominpure talc, which is used in

coated rice, and as an antisticking agent for noul ded foods

(Ei senberg, 1974). Asbestos nmay al so be introduced into foods from
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impure mneral silicates, such as talc, soapstone, or pyrophyllite,
used as carriers for spray pesticides (Kay, 1974).

Asbestos fibres have been detected in beverages.

Concentrations of 0.151 x 10° fibres/litre have been found in sone
English beers (Biles & Emerson, 1968), and concentrations of 4.3 -
6.6 x 10° fibres/litre have been recorded in Canadi an beers

(Cunni ngham & Pontefract, 1971); levels between 1.7 and 12.2 x 10°
fibres/litre have been found in soft drinks. It has been suggested
that asbestos filters used for the clarification of beverages and
other liquids nmay have contributed to the asbestos content.

However, the presence of asbestos in the water used to constitute
these beverages has conplicated interpretation of the data.

& Unl ess otherwi se specified, |levels in drinking-water are al
fibres visible by TEM

6. DEPGCSI TI ON, TRANSLOCATI ON, AND CLEARANCE

Al t hough npbst of the data concerning the deposition
transl ocation, and cl earance of fibres have been obtained in
studies with asbestos, it is likely that other natural mnera
fibres behave in a simlar nmanner.

6.1 Inhal ation

In 1966, the |ICRP Task Group on Lung Dynam cs (1966) published
a lung nodel that subdivided the respiratory tract into three
conpartnents: the nasopharynx, the tracheobronchial, and the
pul ronary or al veol ar region. The deposition, clearance, and
transl ocation of particles in each of these three conpartnents was
described. This scheme of pathways was nodified for fibres by
Bi gnon et al. (1978) as shown in Fig. 5.

dust in inspired and expired air

1

+ nasopharvngeal compartment |- — —— 4 sputum
s ___ ___
blood tracheo-bronchinl compoartrnent gostro
1= intestinal
o tract
+ alveolar compartmnent

..Tf’WW |
il 1 !

pulmonarv lvmph (|
wessels and nodes |

-
pleural tissue faeces

il

General scheme for the deposition, clearance, translocation, and
retention of fibres. {Heawy arrows: deposition; light dotted

arrows: clearance pathway; light arrows: translocation pathwaws).
Diagram of Bignon et al. {1978} derived from ICEP lung model by
the Task Group on Lung Dynamics {1966},

6.1.1 Asbestos

6.1.1.1 Fibre deposition
(a) Model s

There are five mechani sms of deposition of particles in the
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respiratory tract (i.e., inertial inpaction, sedinentation
interception, diffusion, and electrostatic precipitation).

Sedinentation is determ ned principally by the aerodynamc
di aneter of particles.

The geonetric dianeter and density of a fibre largely deternine
the aerodynam c dianeter with fibre length being of secondary
importance. It has been estimated that an asbestos fibre of 3 pm
di anmeter woul d have approximately the sane settling velocity as a

10 um sphere with a density = 1.0 g/n? (Tinbrell, 1982) and thus,

it is generally agreed that all asbestos fibres with a dianeter
greater than 3 uymare not respirable. However, it should be noted
that this cut-off value is relevant only for asbestos and ot her
fibres of simlar densities. For nore information concerning the
deposition of airborne particles in the respiratory tract, see

St 6ber et al. (1970) and Doull et al., ed. (1980).

Interception is nost inportant for longer fibres (Tinbrell,
1972). Fibres are nmore subject to interception at bifurcations in
the lower respiratory tract than isonmetric particles because of the
probability of nonaxial alignment and entrai nment in secondary flow
patterns. The branching of the |lower respiratory tract in aninals
is generally |l ess symetrical than that in hunman bei ngs.

Therefore, there may be interspecies differences in airborne fibre
deposition.

(b) Experi nental data

St udi es of deposition patterns and efficiencies in holl ow
airway casts of the human bronchial tree using nonodi sperse
spherical particles have shown that:

(a) the deposition efficiency per airway generation
increases distally, reaching a peak in the second to
fifth generation, and decreases subsequently with
generati on nunber down to at |east the eighth
generation; particle size and flowrate determine in
whi ch generation the peak deposition occurs; and

(b) the deposition of inhaled particles per unit surface
area is generally much greater in the vicinity of the
bi furcations than at other surfaces (Schlesinger et
al ., 1977, 1982; Chan & Lipprmann, 1980).

Detail ed quantitative data on deposition patterns and
efficiencies for fibres at specific airway sites are not avail abl e.
In the absence of such data, it is reasonable to assune that the
deposition will be similar, though probably higher, for fibres,
than for particles of nore conpact shapes, and that the additiona
deposition of fibres through interception will increase the anmount
wi thout radically changing the pattern of deposition. Harris &
Fraser (1976) give a quantitative conparison for selected fibre
| engt hs.

Experinmental evidence indicates that penetration into the
al veol ar part of the rat lung decreases sharply for glass or
asbestos fibres with aerodynam c di aneters exceeding 2 pum and that
deposition in the tracheobronchial airways increases with
increasing fibre length (Morgan et al., 1980).

Tinbrell (1972) studied the deposition of asbestos fibres in
hol | ow ai rway casts of pig lungs extending to the respiratory
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bronchi ol es. The author found that, for conparabl e nass
concentrations of U CC asbestos?® there was about 5 tinmes nore
bronchi al airway deposition for the "curly" chrysotile fibres than
for the straighter anphibole forns. This was attributed to the

effective increase in chrysotile diameter due to the dianeters of
the "curl" and to the greater probability of anphiboles to be
aligned parallel to the airway axes by the shear flow. These
results were consistent with those of additional studies described
in the sane paper, in which retention in the rat |ung was neasured
one day after a 10-week inhal ati on exposure. The retention of 3
types of Ul CC anphi bol es was about 6 tines greater than that of 2
types of U CC chrysotil es.

The deposition of chrysotile asbestos in the peripheral |ung
airways of rats exposed for 1 h to 4.3 ngy respirable chrysotile/n?
was studied by Brody et al. (1981). In rats killed imediately
after exposure, asbestos fibres were rarely seen by scanning
el ectron microscopy in alveolar spaces or on al veol ar duct
surfaces, except at alveolar duct bifurcations. Concentrations were
relatively high at bifurcations nearest the terninal bronchiol es,
and | ower at the bifurcations of nore distal ducts. In rats killed
after 5 h, the patterns were sinmlar, but the concentrations were
reduced.

6.1.1.2 Fibre clearance, retention, and transl ocation

The fate of fibres deposited on surfaces within the |ungs
depends on both the site of deposition and the characteristics of
the fibres. Wthin the first day, fibres deposited in the
tracheobronchi al airways can be carried proxinmally on the nucous
surface to the larynx, and can be swallowed (Fig. 5). It has been
suggest ed, though not proved, that a snmall fraction of the fibres
m ght penetrate the epitheliumof the tracheobronchial tree.

In the non-ciliated airspaces bel ow the term nal bronchiol es,
fibres are cleared nuch nore slowy fromtheir deposition sites by
various | ess effective nmechani sms and pat hways, which can be
classified into 2 broad categories, i.e., translocation and
di si ntegration.

Transl ocation refers to a change in the |location of the intact
fibre primarily along the epithelial surface: (a) to dust foci at
the respiratory bronchioles; (b) on to the ciliated epithelium at
the termnal bronchioles; or (c) into and through the epithelium
with subsequent migration to interstitial storage sites or along
| ynphati c drai nage pat hways. Short fibres (generally <5 um,

i ngested by al veol ar nmacrophages as wel |l as unincorporated fibres,
may be transl ocat ed.

Disintegration refers to a nunber of processes, including
subdi vi sion of the fibres along parting planes (either in length or
dianeter), partial dissolution of conmponents of the matrix, which
creates a nore porous fibre of relatively unchanged external size,
or surface etching of the fibres, thus changi ng externa

& Standard reference sanples of asbestos collected in 1966 for
experinental use under the auspices of the Union Internationale
Contre | e Cancer.

di mensions. Unlike anphibole fibres which are less soluble in |ung
fluids, chrysotile fibres undergo partial dissolution within the
lungs after fibrillation (i.e., fibre splitting along the fibre
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l ength). Predom nant changes in the fibre, with tine, include a
decrease in magnesium and an increase in iron content (Langer et
al ., 1970, 1972). My?" contributes to both the structura
integrity and the positive charge of the fibre. The process of

| eachi ng can cause fragnentati on and nore rapid di sappearance of
chrysotile fromthe lung conpared with that of anphibole types of
asbestos (Morris et al., 1967).

The results of studies of the short-termretention and
cl earance of asbestos in rats, reported by Wagner & Skidnore
(1965), indicated that over a period of 2 nmonths followi ng a 6-week
period of exposure to about 30 ng/nt of respirable dust, the
cl earance patterns for chrysotile, anpsite, and crocidolite could
each be described by single exponential functions. However, the
rate of clearance for chrysotile was higher by a factor of 3 than
that for ampbsite and crocidolite. |In addition, the retention of
chrysotile, as neasured a few days after the end of the 6-week
exposure period, was only about one third that of the anphibol es.
Later work by Wagner et al. (1974) indicated that, after prol onged
exposure (6 - 12 nonths), the lung burden of chrysotile reached a
pl at eau, whereas a continued i ncrease was observed for the
anphi boles. This difference was attributed to the enhanced
clearance rate of chrysotile (Fig. 6).

In a study on rats conducted by Mddleton et al. (1979), the
retention of chrysotile was approxi mately one quarter that of the
anphi bol es and appeared to be related to the airborne asbestos
| evel during dusting; at higher airborne levels (1.3 - 9.4 ng/n?),
the retention of chrysotile was | ower than of the anphi bol es.

wreight of dust in lung (mgh

oL - Tt T —--= time
I B 12 4
T II * T T L T T T ! {mnnth}
a 10 000 20 000 0 000
cumulative dose {mg/m? hour)

Mean weight of dust in lungs of rats in
relation to dose and time. Modified

from: Wagner et al. {1974},

Muhl e et al. (1983) investigated the effects of cigarette snoke
on the retention of U CC chrysotile (type A) and U CC crocidolite
inrats. Results showed a doubling of crocidolite fibres in the
| ungs of the cigarette snoke-exposed group conpared with aninals
not exposed to cigarette snoke. A plateau was found for chrysotile
as in the study of Wagner et al. (1974). This plateau was not
influenced by cigarette smoke. This difference between the two
fibre types can be expl ained by a higher deposition rate of
chrysotile in the upper airways conpared with crocidolite and a
decrease in deep lung clearance induced by cigarette snoke. There
i s sone evidence that tracheobronchial clearance is not influenced
by cigarette snoke (Li ppmann et al., 1980). In man, snoking
reduces |l ong-term deep |ung cl earance (Cohen et al., 1979).
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On the other hand, the results of studies reported by Mrgan et
al . (1975, 1977a), who performed single exposures adninistered
through a head mask, neither confirmed the fast clearance nor the
| ower retention of chrysotile. Mddleton et al. (1979) concl uded
that clearance could be described in terns of an exponential nodel,
t hough somewhat nodified conpared with that used by Mrgan et al
(1977a).

The cl earance nodel used to describe the results of these
short-term studi es was not applicable to long-term (1-year)
i nhal ation studies (Davis et al., 1978). It was suggested,
therefore, that the observations in |long-term studi es should be
expl ai ned by an inpairnent of the clearance nmechanismin lungs with
hi gh fibre burdens.

Avail able data indicate that fibre Iength is an inportant
determ nant of clearance. Wile results of studies with asbestos
are not avail able, Mrgan & Hol nes (1980) studied the effect of
fibre length on the retention of glass fibres in rat [ungs by means
of serial sacrifices. The 1.5 pumdianeter glass fibres were

adnmi ni stered by intratracheal instillation. The nacrophage-nedi at ed

nmechani cal cl earance was |ess effective for fibres 10 umin |l ength
than for 5 umfibres. It was ineffective for fibres of 30 umor
nore. As supporting evidence, Mdrgan et al. (1980) cited the work
of Tinmbrell & Skidnore (1971) on the dinensions of anthophyllite
fibres in the lungs of Finnish workers. The results of their study
suggested that the maximumfibre I ength for nechanical clearance
was 17 um

Results of studies by Pooley & dark (1980) indicated that the
size distribution of anpsite and crocidolite fibres in airborne
sanples was simlar to that found in organs. Later it was noted
that the proportion of longer fibres of both nminerals found in the
l ung was increased, probably because of the nore efficient
cl earance of the shorter fibres. It was difficult to conpare the
size distribution of airborne chrysotile with that in the |ung
because of the breakdown of chrysotile fibre aggregates and fibre
bundl es.

The effects of intermttent exposure to high doses of asbestos
(defined by the author as peak) on fibre retention in the lungs of
rats were studied by Davis et al. (1980b). Four groups of rats

i nhal ed U CC preparations of anpbsite or chrysotile. Two of the
groups were exposed respectively to the 2 ashestos types for 5
days/week, 7 h/day, for 1 year. The 2 other groups were treated
with anpsite and chrysotile, respectively, at 5 tines the previous
dose, but for only 1 day per week for 1 year. The results showed
that after the 12-nmonth inhalation period, the levels of both
chrysotile and anpsite in lungs were sinmlar regardl ess of whether
"peak" (1-day/week exposure) or "even" (5 days/week exposure)
dosi ng had been used. During the followi ng 6 nonths, asbestos was
cleared fromthe lungs of the "peak" chrysotile group nore slowy
than that fromthe lungs of the "even" chrysotile group, but

cl earance fromthe "peak" anpbsite group was faster than that from
the "even" group.

The noverent of inhaled fibres fromthe epithelial surfaces
into the lynmphatic and circulatory systens was descri bed by Lee et
al. (1981). Goups of rats, hansters, and gui nea-pigs inhal ed
pot assi um octatitanate (Fybex), potassiumtitanate (PKT), and U CC
anosite. The nmean dianeters (0.2 - 0.4 un) and lengths (4.2 - 6.7
pum were nominally sinmilar for all three types of fibre. Nunerous
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dust cells were transported to the tracheobronchial and nediastina
| ynph nodes, where sone dust cells penetrated into the bl ood or

| ynphatic circulation. The dust cells mgrated directly fromthe

| ynph nodes into adjacent nediastinal adi pose tissue. Dust-I|aden
giant cells were occasionally found in the liver, and there was

wi despread nigration of the fibres into other organs, wthout any
significant tissue response. On the basis of these results, it was
proposed that |ynphatic vessels were a main route of dust cel

m gration. However, it is most unlikely that the pathways that
were denonstrated to be inportant in this study represent the
predom nant routes for clearance at exposure levels nornally
encountered in the anbient and occupational environnent. It is
nore |ikely that they may be inportant followi ng exposures to
massi ve concentrations of dust (3100 fibres/m). Mre experinental
work with | ower concentrations of fibres is necessary.

In the inhalation study of Brody et al. (1981) (section
6.1.1.1), the exam nation of tissues by transm ssion electron
m croscopy reveal ed that chrysotile fibres deposited on the
bi furcations of the alveolar ducts were taken up, at |east
partially, by type | epithelial cells during the 1-h inhal ation

exposure. In the 5-h period after exposure, significant anmounts
were cleared fromthe surface, and taken up by both type
epithelial cells and al veol ar nacrophages. 1In the 24-h follow up

exposure, there was an influx of macrophages into the alveol ar duct
bi furcati ons. These observations suggest that there may be direct
fibre penetration of the surface epithelium

Thus, in summary, available data indicate that chrysotile is
nore |ikely than the anphi boles to be deposited in the upper
airways of the respiratory tract. |In addition, chrysotile is
cleared nore efficiently fromthe lungs; thus, there is greater
retention of the anphiboles. Fibre length is an inportant
determ nant of clearance, with shorter fibres being cleared nore
readily, and cigarette snoking affects deep-lung but not

tracheobronchi al clearance. There were no consistent effects on
clearance and retention of fibres with internmittent exposure to
hi gh doses conpared with continuous exposure to | ower |evels.

6.1.2 Ferrugi nous bodi es

M neral fibres inhaled and retained in the lungs nay becone
coated with a segnented deposit of iron containing protein, formng
cl ub-shaped ferrugi nous bodi es (Davis, 1964; MIlne, 1971). Those
for which the core is asbestos are conmmnly call ed asbestos bodi es.
Using |ight mcroscopy, they have been found in |large nunbers in
i ndi vidual s occupationally exposed to asbestos (Ashcroft &

Heppl eston, 1973) and, using optical and electron mcroscopy, in
the lungs of nobst adults who have lived in urban areas (Thonson &
Graves, 1966; Bignon et al., 1970; Selikoff et al., 1972; Davis &
Gross, 1973; A dham 1973). Probably fewer than 1% of the fibres
in the lung beconme coated (Gaensler & Addington, 1969). No
etiological significance has been attributed to the fornmation of
asbest os bodi es; their occurrence alone nerely indicates exposure
to asbestos and not necessarily the presence of disease (Longl ey,
1969; M Ine, 1971; Churg & Warnock, 1980).

6.1.3 Content of fibres in the respiratory tract

The mineral fibre content of organs of deceased persons who had
been occupationally exposed to asbestos has been investi gat ed.
Such determinations require tissue digestion procedures that do not
change the fibre structure, and sophisticated analysis to identify
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singl e subm croscopic fibres. The reported mneral content in the
| ungs of workers exposed to fibres ranged from1l to 10 g/ kg (dry
weight); levels in the general popul ation are about 0.3 g/kg (dry
wei ght) (Beattie & Knox, 1961).

No concl usions concerning the regional distribution of fibres
in the lung can be drawn on the basis of available data (Le
Bouffant, 1980; Sebastien et al., 1980b).

6.2 Ingestion

An inportant question in the evaluation of the possible risks
associated with the ingestion of asbestos is whether fibres can
mgrate fromthe lumen into and through the walls of the
gastrointestinal tract to be distributed within the body and
subsequently cleared. There is considerabl e disagreenent
concerning this subject, largely because of the difficulty of
controlling external contam nation of tissue sanples in available
studi es and because of linitations in existing analytica
techni ques.

Detail ed reviews of the avail abl e data have been publi shed
(Cook, 1983; Toft et al., 1984). It is not possible to conclude
with certainty that asbestos fibres do not cross the
gastrointestinal wall. However, avail able evidence indicates that,
if penetration does occur, it is extrenely linmted. Cook (1983) has
suggested that 1072 to 107 of ingested fibres penetrate the gut
wal | .

There is no available information on the bioaccunul ati on/
retention of ingested asbestos fibres. Sinulated gastric juice has
been shown to alter the physical and chemical properties of
chrysotile fibres and, to a | esser extent, crocidolite fibres
(Seshan, 1983). Available data concerning the possible elimnination
of asbestos in the urine of hunan beings are contradictory and
i nconcl usi ve (Cook & O son, 1979; Boatnman, 1982).

7. EFFECTS ON ANI MALS AND CELLS
7.1 Asbestos

For a pollutant, such as ashestos, where there is a great dea
of information on the human health effects associated wth
exposure, the results of toxicological studies are inportant, not
only to assist in assessing the causality of associations observed
i n epidem ol ogi cal studies, but also to elucidate the nechani sns of
toxicity, to define biologically inportant physical and chem ca
properties, and to devel op hypot heses for further epidemni ol ogi ca
study. The results of toxicological studies on asbestos have al so
inmparted i nformati on on dose-response rel ationships and the role
of fibre type, size, and shape in the pathogenesis of asbestos-
rel ated di seases. However, conclusions concerning the inportance
of these variables are necessarily limted, because of the
inability to adequately characterize fibre size in the adni nistered
material. 1In the followi ng section, the results of recent studies
are enphasi zed, since experinental nethods have inproved
considerably in the past few years

7.1.1 Fibrogenicity

7.1.1.1 Inhal ation

Data concerning the fibrogenicity of inhaled asbestos in aninal
species are presented in Table 13.
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rats, hansters

species (e.g.

In several of the studies,

foll owi ng inhal ati on of both
t he

i nci dence and severity were approximately linearly dose-rel ated

(Wagner et al.,
observed in human studies,
foll owi ng cessation of exposure (Wagner et al.
it has been observed that shorter fibres are | ess
1980a).

gener al ,

fi brogenic (Davis et al.

1974, 1980; Wehner et al.

1974, 1980).

The results of the early studies regarding the relative
fibrogenicity of various fibre types are confusing and

contradi ctory nmainly because,
concentrations were neasured,
the fibres were not considered.

surface artifacts in the mneral,

preparation, which blunted activity.

Tabl e 13.

usual 'y,

only the airborne mass

1979) and, as has been
there was progression of the disease

In

the nunbers or size distribution of

I n addition,
produced during sanpl e

I nhal ation studies - fibrogenicity

there nay have been

pi g,
rabbi t,
and
Ver vet
nonkey

SPF
W st ar
rat

SPF
white
W st ar
rat of
t he Han
strain

16- 24 gui nea- pi gs,
2-4 rabbits, and

3-4 Vervet nonkeys
i n exposed groups

total of 1013
rats; group
sizes of 19-58

groups of 48
ani mal s

exposure to ~ 30 000 p/m of
chrysotile (7-10%fibres

> 10 ym, anosite, or
crocidolite from South African
mlls for various periods of
time (e.g., up to 24 nonths
for guinea-pigs exposed to
chrysotile; lifetime for
rabbits and Vervet nonkeys
exposed to chrysotile, but
only 14 nonths for these
speci es when exposed to
anosite)

groups exposed to 9.7 -
14.7 ng/ n? of U CC anvsite,
ant hophyllite, crocidolite,
chrysotile (Canadian), or
chrysotile (Rhodesian) for
peri ods of 1 day, 3, 6, 12,
or 24 nonths

study designed so that both
mass and fibre nunmber coul d
be exam ned; 5 groups exposed
to 10 nmg/ n? Ul CC chrysotil e,
crocidolite, or anpbsite (550
fibres/m anobsite > 5 pm

390 fibres/m chrysotile

> 5 umor 430 fibres/mn
crocidolite > 5 un) for

12 nont hs

asbest os bodi es pr:
3 speci es exposed

types; chrysotile

caused fibrosis in
and nonkeys but no
anosite caused asb
all 3 species; it

to draw concl usi on:
the rel ative patho
the different fibr.
because of the var
of exposure and |l a
characterization o

| ess asbestosis fol
than for the other
progression of asb
foll owi ng cessatio
exposure for all d

chysotile caused f.
fibrosis than eith
even when the fibr:

were simlar

Tabl e 13.

(contd.)

Mal e
Syrian

total of 96
exposed and 96

two groups exposed for
3 h/day, 5 days/week to

slight pul nonary f
only in the 15-non
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control animals

groups sizes of
of 48 aninmals

either 1 pg/litre (5-13
fibres/m, >5 um or

10 pg/litre (30-118
fibres/m, >5 um) A/C
aerosol (chrysotile content
10.5% for up to 15 nonths

designed to conpare the

pat hol ogi cal effects of
exposure to U CC sanpl es

with those of factory sanples
4 groups exposed to U CC
anosite, U CC chrysotile,
factory anpsite, or factory
chrysotile at 10 ng/n? for

12 nonths; aninmals pernitted
to conplete life span

group; higher inci:
severity with incr:
after 5-nmonth expo
pg/litre dose; inc
i nci dence of sligh
after exposure to

10 pg/litre dose fi
after 15 nmonths, nm
bet ween exposed an
groups; authors su
the mnimal respon:
due to changes duri
of the fibres that
the toxicity

factory anosite no
than Ul CC sanpl e

Tabl e 13.

(contd.)

strain

Caesar -
i an-
deri ved
W st ar
rat

group sizes of 48
ani mal s

group si zes of
24 (6 and 12
mont hs exposur e)
and 48 (3 nonths
exposure)

study designed to conpare the
pat hol ogi cal effects of peak
dosing to those of even

dosi ng; 2 groups exposed

to either U CC anosite at

10 ng/nm? or U CC chrysotile at
2 mg/n?, 7 h per day, 5 days
per day, 5 days per week for
1 year and 2 groups exposed
to either anbsite at 50 ng/n?
or chrysotile at 10 ng/ nt,

1 day each week, for 1 year

exposure for periods of 3, 6,
or 12 nonths to SFA chrysotile
(430 fibres/mM > 5 un), G ade
7 chrysotile (1020 fi bres/m

> 5 un) or U CC chrysotile
(3150 fibres/m > 5 pum

at 10.8 ny/ n?

| evel s of peribron
fibrosis generally
"peak" dosing grou
"even" dosing grou
of interstitial fil
slightly higher fo
"peak" dosing

progression of fib
end of exposure fo
inhaling all types
12 nmont hs; U CC pr:
| east as nmuch fi br:
2 sanples in all 6

& Unl ess ot herwi se specified,

However, in an inhalation study by Davis et al

exposures were for 6 - 8 h/day,
(1978),

chrysotile caused nore lung fibrosis in rats than either

crocidolite or anosite,
in the dust clouds were simlar

5 um

even when the fibre nunbers (length >
The aut hors suggested t hat

5 days/ week.

the greater fibrogenicity of chrysotile mght be related to the
fact that chrysotile clouds contai ned many nore fibres over 20 pum

| ong.

The observation that shorter fibres are | ess fibrogenic was

confirmed in a study by the sane group, in which rats were exposed

for 12 nonths to 10 ng/n? of either short-fibred (1% > 5 um or
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long-fibred (30% > 5 pum anosite (Bolton et al., 1983a).
7.1.1.2 Intrapleural and intraperitoneal injection

Fi brosi s has al so been observed following intrapleural (Smith
et al., 1965; Burger & Engel brecht, 1970; Davis, 1970, 1971, 1972)
and intraperitoneal injection (Jagatic et al., 1967; Shin &
Firm nger, 1973; Engel brecht & Burger, 1975) of asbestos. The
results of these studies have confirnmed that short fibres are |ess
fibrogenic (Burger & Engel brecht, 1970; Davis, 1972).

7.1.1.3 Ingestion

Several studies of the effects of ingested asbestos on
proliferation and other biochenical variables in the epithelial
cells of the gastrointestinal tract have been conducted (Anmacher et
al ., 1974; Epstein & Varnes, 1976; Jacobs et al., 1977). Al though
sone changes (e.g., an increase in incorporation of tritiated
thym di ne) have been noted in sone studies at various tines
foll owi ng adm ni stration, no consistent pattern has energed.

The hi st opat hol ogi cal effects of ingested asbestos on the
gastrointestinal wall have been exam ned, but the results of these
studi es have al so been contradictory. Though Jacobs et al. (1978)
observed |ight and el ectron mcroscopic evidence of cellular damage
in the intestinal nucosa of rats fed 0.5 or 50 ng of chrysotile per
day, for 1 week or 14 nonths, no pathol ogi cal changes were found on
light and el ectron mcroscopi c histol ogical exam nation of tissue
sections of the gastrointestinal tract of rats that had consuned
approximately 250 nmg of U CC anpsite, chrysotile, or crocidolite,

per week, for periods of up to 25 nonths (Bolton et al., 1982a).
Simlarly, tissue examination by |ight mcroscopy did not revea
any pat hol ogi cal changes in the wall of the snmall intestine of

Wstar rats that had consuned 100 ng U CC anosite, daily, for 5
days (Meek & Grasso, 1983).

7.1.2 Carcinogenicity

7.1.2.1 Inhal ation

Exposure conditions in inhalation studi es approach nore cl osely
the circunstances of human exposure to asbestos and are of nost
rel evance for the assessnent of human health risks. The results of
the nost significant inhalation carcinogenicity studies in various
ani mal species are presented in Table 14. Al though fibrosis has
been observed in several aninmal species follow ng inhal ation of

different types of asbestos (section 7.1.1), a consistently
i ncreased incidence of bronchial carcinomas and pleura
nesot hel i omas has been observed only in the rat.

In an extensive and well conducted and controlled series of
studi es, Wagner et al. (1974) exposed groups of Wstar SPF rats
(n =19 - 58) to the 5 U CC ashestos sanpl es at concentrations
ranging from 10 to 15 ng/n?, for periods ranging from1 day to 24
nonths (35 h/week). Exposure had very little effect on average
survival. Average survival tines varied from669 to 857 days for
exposed animals and from 754 to 803 days for controls. 1In the
exposed animals, there were 50 adenocarci nonas, 40 squanous cel
carci nomas, and 11 mesot heliomas. None of these tunours appeared
prior to 300 days fromthe first exposure, and the incidence of
| ung cancer was greatest in aninmals surviving 600 days. On the
basis of anal yses of the severity of asbestosis in animals with
turmours, taking survival into account, it was concluded that the
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animals with lung tunours had significantly ( P < 0.001) nore
asbestosis than those without. Seven nalignancies of the ovary and
ei ght of nmale genito-urinary organs were observed in the exposed
groups of approximately 700 rats. No malignanci es were observed at
these sites in controls. These differences were not statistically
significant and the incidence of malignancy at other sites was
little different fromthat in the controls. No data on the

rel ati onshi p between tunour incidence at extra-pul nobnary sites and
asbest os dose were provided.

In a study conducted by Davis et al. (1978), rats were exposed
to chrysotile, crocidolite, or anmpsite at 2.0 or 10.0 ng/n? for 12

nmonths. Al
exposed ani nal s.

mal i gnant pul nonary tunmours occurred in chrysotile-
The aut hors suggested that the greater

carcinogenicity of chrysotile mght be related to the fact that

chrysotile contained many nore fibres over 20 umin | ength.
addition to the lung tunours,

mal i gnanci es,

i ntestine.

asbestos is uncertain,

In a recent study,

In

extrapul nronary neopl asns included a
relatively | arge nunber of peritoneal conn

including a | ei onmyofibroma on the wall

ective tissue

of the snall

The rel ati onshi p between these tunours and exposure to

however .

i nhal ati on of short-fibred anpsite (1% >

5 um) at 10 ng/n? did not produce fibrosis or pul nbnary tunours in

Wstar rats (n = 48).

In contrast,

there was extensive fibrosis

and over 30% i nci dence of tunburs in a group sinmlarly exposed to

| ong-fibred anpsite (30% > 5 pum 11% > 10 un) (Davis et al., in
press).
Table 14. Inhalation studies - carcinogenicity
Speci es Nunber Pr ot ocol 2 Results
rat, 12 (controls); exposure to chrysotile, i ncreased | ung tunou
rabbit, 20-69 (exposed) crocidolite, or anmpbsite for incidence in rats (7
gui nea- pi g, 4 h/day, 4 days/week, for those wi th adequate
gerbil, 2 years; nmean concentration record)
mouse = 50 nmg/ n¥; |ight nicroscopic

fibre count of chrysotile: 54

fibres/m; anosite:

864 fibres/m, crocidolite:

1105 fibres/n
SPF total of 1013 groups exposed to U CC hi gher incidence of
W st ar rats; group anosite, anthophyllite, with 12 nont hs expos!
r at sizes of 19-58 crocidolite, chrysotile with 6 nmonths, but |

(Canadi an), o
(Rhodesi an),

r chrysotile
at 9.7 - 14.7

mg/ ¥, for periods of 1 day,

3, 5 6, 12,
for 35 h/week

or 24 nont hs,

di fference foll ow ng
nmont hs exposure; of

whi ch net ast asi zed, !
chrysotil e-exposed g
crocidolite-exposed

1 in anthophyllite-e
groups; of 11 nesoth
occurred following e
crocidolite and 4 fo
exposure to Canadi an
2 nesot hel i omas occu
foll owi ng 1-day expo
positive association
the inci dence of asb
| ung cancer; no asso
bet ween exposure and
gastroi ntestinal can
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i nci dence

ani mal s exposed to U CC
Canadi an chrysotile at 23
pg/litre for 7 h/day,

5 days/week, for 11 nonths;
hal f of aninals al so exposed
for 10 min 3 tines a day to
cigarette snoke for duration
of their life span; one
control group exposed to
smoke + sham dust, one
exposed to sham snoke

+ sham dust

experinment designed so that
both mass and fibre nunber
coul d be exani ned; 5 groups
exposed to Ul CC chrysotile,
crocidolite, or anbsite at 2
or 10 ng/n? (550 anpsite
fibres/m > 5 pm 390
chrysotile fibres/n

> 5 umor 430 crocidolite
fibres/mM > 5 um

10 out of 12 lung ad
found in 510 hanster:
occurred anong the 1
in the asbestos-expo
groups, indicating a
neopl asti c response;
of laryngeal |esions
mal i gnant tunours si:
| ower in asbestos + :
exposed group than i
exposed control grou
due to significantly
life span in asbesto
ani mal s

all malignant pul non
neopl asns occurred i
chrysotil e-exposed a
t he aut hors suggeste
t he greater pathogen
chrysotile mght be ¢
greater number of fi
> 20 ymin length

Speci es Nunber

Syrian 102 ani mal s

gol den per group
hanst er

SPF white group size = 48
Wstar rat

of the Han

strain

Table 14. (contd.)

Speci es Nunber

rat group size = 48
(strain

not spe-

cified)

SPF Wstar group size =
rat, 48

AF/ HAN

strain

designed to conpare the

pat hol ogi cal effects of
exposure to U CC sanpl es

with those of factory

sampl es; 4 groups exposed to
U CC anpsite, U CC chrysotile,
factory anpsite, or factory
chyrsotile at 10 ng/n? for 12
mont hs; aninals pernmitted to
complete life span

study designed to conpare the
pat hol ogi cal effects of "peak"
dosing with those of "even"
dosing; 2 groups exposed to
U CC anpsite at 10 ng/nt or

factory chrysotile p
simlar levels of lu
pat hol ogy to those p
U CC sanpl e except t
slightly smaller num
bronchi al carci noma
produced by the fact:
little carcinogenicit
bot h anosite sanpl es
the analysis of fibr:
each of the sanples
concl uded that "whil
genicity and carcino
bot h depend upon the
of relatively long f
dust clouds, differe
are involved in each
and tunmour productio
the | argest fibres"

no differences in th
i nci dence of pul nona
neopl asns between "p
groups and "even" do

t he aut hors concl udec
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U CC chrysotile at 2 ng/n?, i ndi cation that short
7 h/day, 5 days/week for of hi gh-dust exposur:
1 year and 2 groups exposed asbestos factory wou
to anpsite at 50 ng/n? or in significantly gree
chrysotile at 10 ng/ n? than woul d be i ndi cat
1 day/week for 1 year rai sed overall dust

the day in question
however, 2 bronchi al
in the "peak"” dosing
group and none in th
dosi ng group)

Speci es Nunber Pr ot ocol 2 Resul ts

Barrier- group sizes = exposure for periods of tunmour yield signifi
protected 24 (6 and 12 either 3, 6, or 12 nonths to greater with U CC ch
Caesarian- nonths exposure) SFA chrysotile (430 than with Grade 7
derived and 48 (3 fibres/m >5 pum or U CC

Wstar rat nonths exposure) chrysotile (3150 fibres/n
> 5 um) at 10.8 ng/n?

& Unl ess ot herwi se specified, exposures were for 6 - 8 h/day, 5 days/week.
The results of inhalation studies inpart sone usefu
i nformati on concerni ng dose-response rel ationships and the
carci nogeni ¢ potential of asbestos of various types and fibre
sizes. An approximately linear relationship between the incidence
of lung cancer and dose has been found in several studies (Wagner
et al., 1974, 1980; Davis et al., 1978) and, although insufficient
nunbers of mesotheli omas have been produced in inhalation studies
to draw definitive conclusions, it has been noted that nost have
been found in animals that received a high total dose of asbestos
(Davis, 1979). However, the incidence follow ng a short period of
exposure (i.e., 1 day) has been greater than would be expected on
the basis of a linear hypothesis for the dose-response relationship
(Wagner et al., 1974). It is also of interest to note that in two
studies (Davis et al., 1978; Wagner et al., 1980), all of the
nesot hel i omas observed (3) occurred in the groups exposed for the
shortest peri od.

7.1.2.2 Intratracheal instillation

Factors that affect the deposition of fibres in the respiratory
tract are not taken into consideration in studies involving
intratracheal injection and therefore it is difficult to
extrapolate the results directly to man. |In addition, the greater
i nci dence of infection foll owing exposure by this route often
conplicates the interpretation of the results. However, the
results of such investigations have confirmed the observations in
i nhal ati on studies. Furthernore, significantly-increased incidences
of both nmesothelioma and | ung cancer have been observed in dogs
concomtantly exposed to cigarette snoke (inhalation) and asbestos
(intratracheally) (Hunphrey et al., 1981).

7.1.2.3 Direct adnmnistration into body cavities
Wagner (1962) first reported that "it is possible to produce

turmours which appear to be arising fromthe nesothelial cells of
the pleura by inoculating certain dusts into the pleural cavities
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of rats". Since then,

or peritonea

i nportant of these studies are sunmarized in chronol ogica

and intraperitonea

nunerous studies involving the injection or
i nplantation of asbestos into the pleura
various speci es have been conduct ed;

cavities of
the results of the nost
order in

admi ni strati on studies

intrapleural injection of

50 ng of 3 sanpl es of
crocidolite from Sout h
African m nes, 3 sanples
frommlls in the sanme region
2 sanples of chrysotile from
m nes, 1 sanple of anopsite,
99.9% pure silica dust or
pure carbon bl ack

intrapl eural injection of

25 ng of soft chrysotile
(average fibre length 67 unm,
harsh chrysotile (36 pum and
anosite (18 pum; also soft
chrysotile in diet (10 g/kg)
(10 g/ kg) of chrysotile-
treated animals; anosite

(10 g/kg) in diet of anosite-
treated aninals

intrapl eural injection of
20 ng of Transvaal anosite
(91% < 5 umin | ength)
superfine grade of Canadi an
chrysotile (92% < 5 um,
North West Cape crocidolite
(70% < 5 pm; extracted
crocidolite (86% < 5 um,
silica or saline

30 nmonths after expo
pl eural nmesot hel i ona
crocidolite-treated

chrysotile-treated r.
1 rat receiving pure
aut hors concl uded "i-
possi bl e to produce

whi ch appear to be a
fromthe nmesotheli al
the pleura by inocul.
certain dusts into t
pl eural cavities of

granul omat ous i nfl am
and fibrosis in hans

receiving all 3 type
tunours, possibly
nesot heliomas; 2 in

chrysotile-treated h
and 3 in anpsite-tre
hansters

appreci abl e proporti:
animals treated with
of asbestos devel ope
nmesot hel i oma; | arge

tunmours found in ani

recei ving crocidolit:
55/ 94, standard: 62/
tunmours in anpsite-t|
group (SPF. 38/96, s
26/ 84) and period be
i nocul ati on and deve

Tabl e 15.

Table 15. Intrapleura

Speci es Nunber

W st ar 11 groups; 10

r at ani mal s/ group

Syrian 15 ani mal s/

Col den exposed group;

hanst er 15 untreated
controls

SPF Wstar 48 nales, 48

rat and f emal es/ exposed

"standard" group

rat

Table 15. (contd.)

Speci es Nunber

SPF W st ar

rat and

"standard"

rat (contd.)

Femal e 1200
pat hogen-
free

Gsbor ne-

40 ng of 17 materials applied
on a fibrous glass vehicle

to the pleura including 3
types of asbestos in 7

of nesot heli oma nuch
than with the other

aut hors note "the hi:
i nci dence of these ni
foll owi ng the inocul.
chrysotile was unexp
(SPF: 61/96, standar:

anosite, chrysotile, .
different types of c
produced equally hig
(58-75% of nesothel
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forns, 6 types of fibrous
gl ass, 2 types of silica,
etc; 2-year observation

period

hand-m | I ed croci dol
exposed to extraneou
metallic mning yiel:
rel ated tunour respo
conmparable with thos
standard reference m
crocidolite; standar:
caused fewer tunours
when reduced to subm
fibrils; pulverized
of mll and nickel m
fibrous glass vehicl:
not induce tunours;
of fine fibre-glass
approach length of a
produced noderately
i nci dence (12-18%;
concl uded "t he sinpl
incrimnating featur:
carcinogenicity and
seens to be a durabl.
perhaps in a narrow

Tabl e 15.

(contd.)

SPF W st ar
r at

Rat
(strain
not
speci fi ed)

Gsbor ne-
Mendel
rat

12 - 36

30 in each
exposed group

intrapl eural injections of
0.5, 1, 2, 4, or 8 ng of SFA
chrysotile and crocidolite
(from Nort heast Cape mine);
intrapleural injection of

20 ng of Canadi an chrysotile
sampl es, SFA chrysotile,
saline (control); intrapleura
injection of 20 ny of the 5

U CC sanples, brucite or
barium sul fate; intrapleura
injections of ceranmic fibre,
fibre glass, glass powder,

al um ni um oxi de, and 2
sanpl es of SFA chrysotile

3 intrapleural injections of
20 mg of chrysotile from
filters at 2 USSR m nes

(99% fibres <5 pumin
| engt h)

pl eural inplantation on a
fi brous gl ass vehicl e of

40 mg of 17 sanpl es of

fibrous materials of diverse

types or di nensiona
di stribution

the risk of devel opi
mesot hel i onma at a gi
after injection was
proportional to dose
SFA chrysotile and ¢
of the U CC standard
sanples, crocidolite
nost carci nogeni c an
of oils by benzene e
did not alter the
carcinogenicity of t
sanpl es; results wer:
consistent with the
that finer fibres ar:
car ci nogeni ¢

nesot hel i onas in 46%
exposed rats

fibres < 1.5 ymin d
and > 8 umin length
hi ghest probability
nesot hel i omas

Tabl e 15.

(contd.)

Gsbor ne-
Mendel

30 - 50 in each
exposed group

pl eural inplantation on a
fibrous gl ass vehicle of

per cent age probabili:
pl eural nesotheliona
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total of 1086

40 ng of 37 sanples, which
were variations of 7 fibrous
materials; fibre-size
distributions simlar to
asbest os

i ntraperitoneal injection
of 9 fibrous dusts

(chrysotile, mlled
chrysotile, crocidolite,
pal ygorskite, nemalite,

gypsum 3 types of glass
fibres) and 8 granul ar dusts;
i njected doses between

2 and 100 ny; observation
peri od 30 nont hs

fromO to 100% |esi:
groups with | ow prob
turmours were highly

and fibres were conp
contai ned within nac
I esions in high tuno
probability groups w
relatively acellular
abundance of coll age
long fibres in inter:
tissue

fibrous dusts (excep
gypsum fi bres) induc
mal i gnant tunours of
peritoneum (6 nmg chr:
2 ng crocidolite-39%
fibres JM 104-27% ;
response rel ati onshi
chrysotile and 2 typ
fibres; reduction in
carcinogenicity of ¢
after mlling to ver:
fibres; carcinogenic
greatest for fibres
length > 3 pum and di.
< 1 um durability o
al so i nportant

Barri er -
protected
Caeseri an-
deri ved

W st ar

rat

SPF nal e
Spr ague
Dawl ey
rat

10

48/ exposed
group; 48
in contro
group

16 in HO -
treated
chrysotil e-
exposed group;
> 32 in all

ot her exposed
groups; 32

i nhal ati on of 3000 W.M r adon
222 over one nonth and
intrapl eural injection of

2 ng chrysotile after 71 days

whol e body irradiation - 230
rads for 1 day and
intrapleural injection of

2 ng chrysotile after 125
days or 150 rads and 1%
chrysotile in diet for 6

mont hs after 35 days

intrapleural injection of
20 ng of SFA, U CC Canadi an
or Grade 7 chrysotile

intrapl eural injection of
20 ng untreated U CC
chrysotile A or 4 sanples
| eached to various extents
(10 - 90% My renoved) by
oxalic acid or HO; also
crocidolite or glass fibre

all ani mal s devel ope
turmours including 7

nmesot hel i onas, aut ho
concl uded "syner gi st
ef fect obvious"

ext rapul nonary tunou
irradi ated controls

recei ving asbestos o
by intrapleural inje
specific localizatio
asbest os exposed ani

allowing for differe
survival tinmes, SFA"
twi ce as carcinogeni:
Grade 7, which was 3
carci nogeni ¢ as U CC
results not well cori
with results of an i
study with these nat:

inlife-tinme observa

period, a total of 6
pl eural mesot hel i ona:
cancer, and 9 perito

nmesot heliomas in the
of 304 animals; prop
cancer |ower than ex
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contr ol
ani mal s

because of early dea
i nfection; carcinoge
of chrysotile with 4
renoved; authors con
"size is not the onl:
i nvolved in the indu
pl eural cancers by m
fibres”

Tabl e 15.

(contd.)

Fennl e
W st ar
r at

3 groups, 20
ani mal s/ group

intrapleural, intraperitoneal

and intratrachea

adm nistration of 2 ngy

of U CC Canadi an or
Rhodesi an chrysotil e,
with or without ancillary
radi ation treatnent (1000
rads- whol e body) or
injection of 1 ng 3-MC

i ntraperitoneal injection of

50 ng mlled UCCcrocidolite

(fibre lengths 3 - 5 um,
anor phous Ul CC crocidolite,
or saline

a significant incide
(3.8% of nesothelio
159 rats treated wit
al one; this incidenc
increased to 11.8%i |
al so receiving radi a
treatment (borderlin
statistical signific
25.5%in aninmals als
adm ni stered 3-MC (si
increase); early tis
responses were siml;
asbestos reactions w
speci fi c pat hol ogi ca
attributable to radi.
3-MC

life-tine observatio
nmesot hel i onas (40%
anor phous crocidolit:
group; 3 nesotheliom
in fibrous crocidoli:
group and none in sa
group; statistically
significant differen
questioned the fibro
structure of asbesto
predom nant cause of
nmesot hel i ona and sug
submi croscopi c parti
be inportant in indu
tunours

Tabl e 15.

(contd.)

AF/ HAN

7 groups, 32
ani mal s/ group

17 groups;

i ntraperitoneal injection of
25 ng of 5 samples of U CC
chrysotile and factory
anpsite collected from

ai rborne asbestos cl ouds

of inhal ation study

i ntraperitoneal injection of

production of mesoth
tunmours in 94 - 100%
animals in 6 groups;
nore carcinogenic th
heated chrysotile (8
car ci nogeni c; some ci
bet ween carci nogeni c
fibre | ength; good ci
bet ween car ci nogenic
in vitro cytotoxici

nesot helial tunours |
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SPF Wstar 19-48 aninals 0.01 - 25 ng elutriated U CC of animals; graded d
per group chrysotile and crocidolite response for both ch
and crocidolite; for
dose, nore tunours i
chrysotile than in
crocidolite-exposed
The introduction of massive doses into body cavities does not
simulate the route of exposure of man to fibrous dusts such as
asbestos. However, such studies have nade it possible to clarify a
nunber of questions that could not feasibly be investigated using
the inhal ati on nodel, since insufficient nunbers of mesothelionas
occur followi ng exposure by this route. The nost inportant
contribution of such studies has been to focus attention on the
i mportance of fibre size and shape in the pathogenesis of asbestos-
associ ated di seases. In 1972, on the basis of their study
involving intrapleural inplantation of 17 fibrous naterials in
rats, Stanton & Wench first hypot hesized that "the sinplest
incrimnating feature for both carcinogenicity and fibrogenicity
seens to be a durable fibrous shape, perhaps in a narrow range of
size". On the basis of the results of further studies, Stanton &
Layard (1978) prepared a nodel in which carcinogenicity was
expressed as a function of fibre length and width; in general
fibres with maxi mum potency were longer than 8 umand less than 1.5
pmin di ameter (Wagner et al., 1973; Stanton et al., 1977).

In an extensive study, Stanton et al. (1981) inplanted 72 dusts
containing fibres of various sizes in the pleura of Osborne-Mende
rats. The correlation coefficients for the logit of tunour
probability with the conmon | ogarithm of number of particles per
m crogramin different dinmensional ranges are presented in Table
16. The probability of the devel opment of pleural nesothelionas
was highest for fibres with a dianeter of |ess than 0.25 um and
| engths greater than 8 um However, probabilities were al so
"relatively" high for fibres in other size categories (i.e., with
dianmeters of up to 1.5 pmand | engths greater than 4 um. The
authors al so noted that there m ght be a |l ow |l evel of tunour
response for fibres outside these size ranges.

Table 16. Correlation coefficients of logit of
turmour probability with comon | ogarithm of nunber
of particles per microgramin different

di mensi onal ranges?

Fi bre di anmeter Fibre length (um

(um (< 4) (>4 -8 (> 8)
>4 - 0.28 -0.30
>1.5- 4 -0.45 -0.24 0.13
>0.25 - 1.5 0.01 0. 45 0. 68

< 0.25 0. 20 0. 63 0. 80

& From Stanton et al. (1981).

In an extensive series of studies involving intraperitoneal
adm nistration, Pott & Friedrichs (1972) and Pott et al. (1976a)
i nduced peritoneal nmesotheliomas in Wstar rats injected with
different varieties of asbestos, fine glass fibres, and nemalite
(magnesi um hydroxi de). Few or no tunours devel oped foll ow ng

admi ni stration of several anorphous dusts that were chemically
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simlar to one of the forns of asbestos. Very few tunours devel oped
followi ng adm nistration of 100 ng of U CC chrysotile fibres
shortened by ball-mlling for 4 h, conpared with 6.25 ng of the
original sanple. The results of further studies confirnmed that
turmour incidence for relatively | ow doses (0.5 - 2 ng) of dust
sanples with a sufficient nunber of durable Iong and thin fibres
was high. Tunour incidence for unstable, long, thin fibres (e.g.

| eached fibres and slag wool) was nuch |ower (Pott et al., 1984).
On the basis of some of these studies, a working hypothesis on the
car ci nogeni ¢ potency of fibres as a function of length and di aneter
was devel oped and is presented in Fig. 7. For exanple, this nodel
predicts that 100 fibres, 2 umin |length, have the sane

carci nogenic potency as 4 fibres, 5 umin length, or 1 fibre, 20 um
in length (hypothetically). Again, it should be noted that there
may be a low | evel of tumour response for fibres outside the size
range indicated on the diagram |In addition, on the basis of the
results of these studies, it has been concluded that the physica
and chem cal constitution of fibres influences the carcinogenic
potential insofar as it determines the stability in the body.

I
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Hypothesis on the carcinogenic potency of a fibre

as a function of its size with some data on
"carcinogenicity factors" that suggest a yardstick
for the carcinogenic potential of fibres.

From: Pott {1978},

These observations concerning the inportance of fibre size and
shape in tunour induction have given rise to specul ation that
nesot hel i omas nmay be caused by physical irritation caused by fibres
that are carried to the pleural surface by both |ynphatic transport
wi t hi n macrophages or by direct penetration of free fibres (Davis,
1981; Craighead & Mossman, 1982). A great deal of attention has
been focused on this "carcinogenic subset" of fibres. However,
there are still several unanswered questions concerning the
relative inportance of fibres with dinmensions in the critical range
for nmesothelioma induction (Harington, 1981).

Aci d | eaching of chrysotile significantly decreased the
car ci nogeni ¢ potency after intrapleural injection in rats (Mrgan
et al., 1977b; Lafuma et al., 1980; Mnchaux et al., 1981); it is
uncertain whether these effects are a function of change in fibre

size or nunber, chemcal nodification, or other factors. 1In
several other studies on mice and rats (Roe et al., 1967; Wagner et
al., 1973), variation in the trace netal content did not have any

ef fect on carcinogenic potency (Goss & Harley, 1973).

Results of studies involving intrapleural or intraperitonea
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injection, or inplantation have also inparted sone infornmation on
dose-response rel ationships, the relative potency of various fibre
types, and the time course of the devel opnment of asbestos-rel ated
di sease. There was evidence of a dose-response relationship for
mal i gnant tunour incidence follow ng exposure to both chrysotile
and crocidolite, in several of the studies (Wagner et al., 1973;
Smith & Hubert, 1974; Bolton et al., 1983b). Fig. 8 shows the
regression line for dose-response rel ationships after

i ntraperitoneal injection of chrysotile, crocidolite, and gl ass
fibres (Johns-Manville 104), derived fromthe results of Pott et
al. (1976a), Bolton et al. (1983b), and Pott et al. (1984), show ng
a sonewhat hi gher potency of chrysotile.

In several studies, crocidolite was nore potent in the
i nducti on of nalignant neopl asns than an equal nmass of chrysotile
(Gross & Harley, 1973; Wagner et al., 1973; Engel brecht & Burger
1975; Monchaux et al., 1981). However, other studies did not
confirmthe higher potency of crocidolite (Wagner & Berry, 1969;
Stanton & Wench, 1972), while in two nore recent studies,
chrysotile was found nore potent in inducing nesothelioms than an
equal mass of crocidolite (Bolton et al., 1983b) or anosite (Bolton
et al., 1982b). The distribution of fibre sizes was not well
characterized in these studies, and the need for caution in the
interpretation of such results cannot be overenphasi zed. For
exanpl e, the sinmlar incidence of mesotheliomas in groups of rats
exposed to U CC crocidolite (2.83% and Canadi an chrysotile (2.9%
in the inhalation studies of Wagner et al. (1974) contrasted with
the authors' observation in an earlier study that 3 tinmes as nany
mal i gnant neopl asns resulted in the crocidolite-exposed group
followi ng intrapleural injection of equal masses of the 2 sanples.

Data avail able from studies involving intrapleural injection
also indicate that the lifetinme risk of nmesothelionma is greater in
ani mal s exposed at a younger age. Berry & Wagner (1976) injected
doses of equal mmsses of crocidolite into the pleura of two groups
of rats, one at the age of 2 nonths and the other at the age of 10
nonths. | n the group exposed at the earlier age, 40% devel oped
nesot hel i omas; in the second group, the incidence was only 19%
The former group al so experienced a | onger |atency period.

/./ chrvs=sotile

a0 .y

chivsotile B

crocidolite

EfUMin4

O
a0

a0

10—

% rats with turmours
|

{fibrous dust, iph

Regression lines for dose—response relationships
after intraperitoneal injection of chrysotile,
crocidolite, and glass fibres Johns—-Manwille 104.

From: Fott et al. {1976éa, 1984} and EBolton et al.
{1983Dh).
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There is still sone controversy concerning the histologica
nature of malignant tunours induced by the intrapleural and
i ntraperitoneal inoculation of animals (Harington, 1981). In

addi ti on, aerodynam c factors that affect fibre deposition, defence
mechani sns that determine the differential retention of fibres
within the lung, and factors that determine penetration of fibres
fromthe al veol ar space to the pleura were not taken into
consideration in this experinmental nodel. However, the results of

i mpl antation studies can be integrated with the observations from
other investigations that finer fibres are nore likely to penetrate
to the periphery of the lung, and that short fibres (< 5 un) are
nore effectively cleared fromthe | ungs by nmacrophages than | ong
fibres, which cannot be phagocytosed by single cells (Harington
1981). However, the need for caution in the extrapol ation of the
results of intrapleural injection studies to predict the potency of
various fibre sanples with respect to the induction of
nesot hel i omas and ot her types of cancer, such as |ung cancer, nust
be enphasized. 1|In a recent study, described in Table 15, tunour

i nci dences following intrapleural injection and inhalation of the
same sanples of chrysotile were not well correl ated (\Wagner et al.
1980). The authors suggested that problenms of aggregation of
fibres, in the suspension prepared for intrapleural injection

m ght have resulted in different size distributions.

7.1.2.4 Ingestion

Studies on the effects of ingested asbestos on ani mal species
have been reviewed (Toft et al., 1984), and the results of the nost
recent and extensive of these studies are presented in Table 17.

On the basis of their review, Toft et al. (1984) concluded that
there was no concl usive evidence fromthe toxicological studies
conducted to date, that ingested asbestos is carcinogenic. The
results of early studies were inconclusive because of shortcom ngs
in study design; many of the investigations were conducted for
relatively short periods of time with insufficient nunbers of test
and control animals, and the studies were not designed to all ow
neasur enent of dose-response relationships. |In addition, the
admi ni stered asbestos was often not well characterized. |In |later
nore extensive studies, increases in gastrointestinal tunour
i nci dence were observed in sone of the test groups in some of the
studi es; however, these increases were not observed consistently.
Mor eover, there was no evidence of a dose-response relationship in
any of the studies.

The Task Group noted that, in a recent well-conducted study,
the incidence of benign epithelial neoplasns was significantly
hi gher in conparison with pooled controls from contenporary
lifetime asbestos feeding studies in the sanme |aboratory (US NTP
1985). However, the increase was not statistically-significant in
conparison with concurrent controls and was linmted to one sex. In
addition, the study was not designed to investigate exposure-
response relationships. It is of interest to note that no
i ncrease in tunmour incidence was observed foll owi ng adm ni stration
of short-range chrysotile, which was conposed of size ranges nore
simlar to those found in drinking-water.

Sone of the toxicological studies on ingested asbestos that
have been conducted recently by various investigators have been
very extensive (Donhamet al., 1980; MConnell, 1982a,b). However,
there have been several criticisns concerning the suitability with
respect to extrapolation to man of the vehicles in which asbestos
has been adm nistered, the fibre size of the adm nistered asbestos,
and the fat content of the aninmal diets.
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7.1.3 In vitro studies

The effects of mneral dusts and especially of asbestos fibres
on cell cultures have been investigated intensively over the |ast
decades.

According to Allison (1973), 4 cell types are potential targets
for asbestos in vivo: (a) macrophages, (b) nmesothelial cells, which
undergo malignant transformation, (c) fibroblasts, which
participate in the fibrogenic reaction, and (d) pul nonary
epithelial cells, which can al so undergo nalignant transfornation.
These cells, proliferating cell lines, and erythrocytes have been
used in vitro studies.

The present position is that, with the conbined use of severa
test systenms, the findings can be used to predict, with sone
certainty, the fibrogenicity of dusts and fibres in vivo.
Prediction of carcinogenicity is less reliable, but the findings
may be of some use in predicting mesothelioma. As the tests can be
conpleted within a few weeks, they may be usefully enployed in the
selection of materials to be tested in vivo. The tests are also of
use in the study of nechani sns.

Table 17. Toxicol ogi cal studies - ingested asbestos

Nurber of
test animals

Pr ot ocol

Syrian Golden 60
hamst er

60

60

Mal e W star 25
r at

25

25

0.5 ng anosite/litre
drinki ng-wat er over the
lifetine

5 ng anosite/litre
dri nki ng- wat er

50 ng anosite/litre in
dri nki ng-wat er over the
lifetinme

250 ng anpsite per week
in dietary margarine
suppl enent, for periods
up to 25 nonths

250 ng chrysotile per
week in dietary margarine
suppl enent, for periods
up to 25 nonths

250 ng crocidolite per
week in dietary margarine
suppl enent, for periods
up to 25 nonths

no tunours

3 malignant tumours incluwu
a peritoneal nesotheliom
early squanous cell carci
of the forestonach

1 malignant tunour; autho
concl uded "tunours not tr
rel at ed"”

1 nmalignant tunmour in gas
nuscl e | ayer

1 pleural histiocytic tum
significant increase in

i nci dence of benign tunou
ti ssues other than the ga
intestinal tract; authors
unli kely that these benig
tunours were treatnent-re
because of |ack of eviden
wi despread penetration or
di ssem nation of fibres

no primary nalignant |esi:
the gastrointestinal nuco
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(contd.)

Nunber of

t est

ani mal s

F 344 rat

Syrian gol den

hamst er

F 344 rat

250
250

250
250

250
250

250
250

mal es
f emal es

mal es
f emal es

mal es
f emal es

mal es
femal es

10% chrysotile in the
diet over the lifetine

1% anposite in the diet
fed to nursing nothers
and over the lifetinme of
t he pups

1% short-range chrysotile
(98% < 10 pmin

length) in the diet fed to
nursi ng nmot hers and over
the lifetime of the pups

1% i nt er nedi at e range
chrysotile (65% > 10 pm
in length) in the diet
fed to nursing nothers
and over the lifetime of
t he pups

1% trenmolite in the diet
fed to the dans and over
the lifetime of the pups

5 tunours including 1 nes
i nci dence not statistical
significantly greater tha
control group

no adverse effects on bod
gain and survival; no
statistically-significant
in tunour incidence

significant increase in a
cortical adenonmas in male
consi dered to be treatnen
rel at ed

significant increase in a
cortical adenonmas in male
femal es; not considered t
treatnent-rel at ed

no overt toxicity and no
effects on survival rate;
statistically-significant
in tunour incidence

Table 17.

(contd.)

Nurber of

test animals

F 344 rat

F 344 rat

250
250

250
250

250
250

femal es
mal es

mal es
femal es

femal es
mal es

1% anosite in the diet
fed to the dans and over
the lifetinme of the pups

1% short-range chrysotile
(98% < 10 pmin length
inthe diet fed to
nursing not hers and

over the lifetime of

t he pups

1% i nt er nedi at e range
chrysotile (65%> 10
pmin length) in the
diet fed to nursing
mot hers and over the
lifetime of the pups

no overt toxicity and no

ef fects on survival rate;
statistically-significant
in tunmour incidence in th
intestinal tract; the bio
signi ficance of increases
the rates of C-cell carci
the thyroid and nonocytic
in male rats is questiona

no overt toxicity and no
ef fects on survival rate;
significant increase int
i nci dence

no overt toxicity and no

ef fects on survival rate;
i ncrease in benign epithe
neopl asns in | arge intest
of males; insignificant w
conmpared with concurrent

(88), but significant whe
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conpared wi th pool ed cont
Revi ews have been nade by Harington et al. (1975), Beck (1980),
and Gormey et al. (1980), and, nore recently, these assays have
received particular attention (Schluchsee Meeting, 1985).

7.1.3.1 Haenvolysis

Al t hough haenol ysis alone is not a good predictor of in vivo
pat hogenesis (Richards et al., 1980), it is a useful nodel for the
interaction of mneral dust with cell nmenbranes. The haenvol ytic
activity of fibres is related to size (Schnitzer & Pundsack, 1970),
and surface charge ("zeta potential") (Harington et al., 1975;

Li ght & Wi, 1980). Chrysotile induces haenolysis nore rapidly than
t he anphi bol es (Schnitzer & Pundsack, 1970; Harington et al.

1975). Haenolysis by chrysotile fibres nay be related to the
adsorption of the red blood cell nenbranes on the fibres and not to
an interaction between nmagnesiumfromthe fibres and sialic acid
fromthe red blood cells (Jaurand et al., 1983).

7.1.3.2 Macrophages

Because of their inportant role in fibrogenesis, macrophages
have been intensively investigated in cell cultures. The cultured
macr ophages are usual ly derived by bronchi oal veol ar | avage or from
the peritoneum after appropriate stimulation

Two types of cytotoxic effects in macrophages have been
observed: (a) a rapid formthat can occur within mnutes of contact
bet ween fi bres and macrophages and reflecting interaction with the
menbrane, and (b) a delayed effect that occurs within days
(Allison, 1973). The effects are nore nmarked with chrysotile than
wi th anphi bol e fibres (Harington et al., 1975).

Allison (1973) investigated the limts of the size of fibres
that can be ingested by phagocytosis. Irrespective of the type of
asbestos, short fibres (<5 um were readily and conpletely taken
up by phagocytosis, whereas long fibres (> 25 un) were not. The
cells attached to, or envel oped the ends of, the latter, but
portions remai ned outside the cells. The long fibres caused
| ocal i zed damage to the cell nenbrane while they were being
phagocyt osed; in addition, energy netabolismwas increased (Beck et
al., 1971). oviously, fibres with a length that exceeds the cel
dianeter remain partially extracellular.

I n macrophages and in macrophage-like cells (P 388 D;), |ong
asbestos fibres caused increased perneability to two |ysosonal
enzynes (beta-gl ucuroni dase, beta-gal actosi dase) and to the cytoplasnc
enzyne | actic acid dehydrogenase (Beck et al., 1972; Davies, 1980).
This enzyne rel ease is coupled with an increase in perneability to
extracel lul ar dyes, and often occurs in the absence of cell death.
Asbestos fibres interfere with the nornmal digestion of secondary
| ysosones, resulting, in sone cases, in accunulation of acid
hydrol ases. After nmenbrane danage by asbestos fibres, the |ysosonal
enzynes can also leak into the cytoplasm Partly-damaged al veol ar
macr ophages may lead to cellular malfunction in the lungs. Asbestos
fibres also stimulate the secretion of proteolytic enzymes such as
el astase (Wite & Kuhn, 1980). |If these enzynes are not
count erbal anced by anti proteases, |lung tissue danage can occur

7.1.3.3 Fibroblasts

Beck et al. (1971) reported that long fibres of chrysotile were
not conpl etely phagocytosed by proliferating nouse fibroblasts,

Page 64 of 138



Asbestos and other natural mineral fibres (EHC 53, 1986)

type L 929.

In lung fibroblast cultures, chrysotile has been shown to be
hi ghly cytotoxic when first added and to induce biochenical and
nor phol ogi cal alterations (R chards & Jacoby, 1976). It has al so
been shown that, if lung fibroblast-like cells are continuously
exposed to small quantities of chrysotile, their ability to
synt hesi ze collagen is increased (Hext et al., 1977). Fibroblasts
undergo a maturation process leading to rapid cellular aging.

7.1.3.4 Cell-lines and interaction with DNA

The Ul CC reference sanpl es of asbestos have not shown nutagenic
activity in bacterial assays (Chanberlain & Tarny, 1977; Light &
Wei, 1980), possibly because of the lack of uptake of fibres by
this type of cell.

Asbest os-i nduced sister chromatid exchanges in cultured Chinese
hanst er ovarian fibroblast cells have been reported by Livingston
et al. (1980) and in Chinese hamster cells by Sincock & Seabright
(1975) and Huang (1979). |In Huang's study, it was reported that
anosite, crocidolite, and chrysotile were weakly nutagenic. At 10
and 100 pg fibre/m, chrysotile conpletely inhibited cell growh
(Livingston et al., 1980); cells exposed to anpbsite and crocidolite
proliferated only at the | ower concentration. Crocidolite
significantly elevated the sister chromatid exchange rate and
larger (> 5 un) chronosones were nost sensitive. The chronobsonal
aberrations found in Chinese hanster cells by Sincock et al. (1982)
could not be detected in primary hunan fibroblast or in human
| ynphobl astoid cell lines.

In tracheal epithelial cells, chrysotile and crocidolite did
not cause breakage of DNA (Mdssnman et al., 1983). Hahon & Eckert
(1976) found that exposure to ashbestos fibres resulted in an al npost
90% depression in viral interferon induction in cell nonol ayers.

For a review of the effects of asbestos on epithelial cells,
pl eural nesothelial cells, and other cell-lines see Beck (1980).

7.1.3.5 Mechanisns of the fibrogenic and carci nogenic action of
asbest os

An overvi ew of possi bl e nechani sns of the fibrogenic and
carci nogeni ¢ action of asbestos is presented in Table 18.

Fi br ogeni ¢ potenti al

When nacrophages interact with silica, they produce a
fibroblast-stinulating factor (Heppleston & Styles, 1967). The
i nconpl et e phagocytosis of asbestos fibres nmay induce the sane
process (Beck et al., 1972). There is sone evidence that the

i mune systemis stinulated by the effects of mineral dusts on the
nmacr ophages (Pernis & Vigliani, 1982); the authors supposed that
this process was nedi ated by the production of interleukin-1

which also stinmulates fibroblasts. However, Mller et al. (1978)
concluded fromtheir studies that quartz and crocidolite had quite
different biological effects on the macrophages and that the

devel opment of pul nonary fibrosis mght, to sone extent, be caused
by different mechanisns in each instance

Table 18. Some possi bl e nechani sns of
action of asbestiformfibres in the
devel opnment of fibrosis (F), mesothelionma
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(M, and lung cancer (C)

Mechani sm or possi bl e D sease
important effects

I nconpl et e phagocytosi s,

rel ease of enzynes, and F, C M
free radicals

Ef fects on the i nmune system F, C M
Effects on cell differentiation F, C M

Alteration in cell proliferation F, C M
processes?

Interaction with DNA C M

Adsorption and transfer of C

pol ycyclic aromati c hydrocarbons

a Increase not only in cell proliferation
but effects on intracellular processes,
such as DNA or protein synthesis.

The rel ease of oxygen-free radicals after inconplete
phagocytosis of fibres nay cause peroxidati on of nenbranes and
damage to macronol ecul es (Mossnan & Landesnman, 1983). This could
be a possi bl e mechani sm of the induction of asbestos-rel ated
di seases.

Car ci nogeni ¢ potenti al

The nechani sns of carci nogenesis of asbestos are not well
under st ood. However, several hypotheses have been proposed, and
these will be discussed briefly in the light of the experinental
findings just reviewed. For a nore detailed discussion, see US
NRC/ NAS (1984).

There is no convincing evidence fromcellular tests that
asbestos initiates tumurs through direct interaction with DNA
(genotoxicity). Fewer data are avail abl e concerning the
genotoxicity of the other asbestiformnineral fibres; however,

erionite has been reported to induce unschedul ed DNA repair in some
manmal i an cell lines (Poole et al., 1983). Another hypothesis is
that asbestos does not induce tunours through direct interaction
with DNA, but may act as a pronotor? For the purposes of this

di scussi on, nesothelionma and |lung cancer will be considered
separately.

(a) Mesot hel i oma

It has been hypot hesi zed that asbestos initiates nesothelionas,
since there is no evidence fromexperinental studies that asbestos
or any other natural mineral fibres pronote nesotheliomas initiated
by other agents. Furthernore, there is no association between
snoki ng and nesot hel i oma i nci dence in asbestos workers (US NRC/ NAS
1984). This hypothesis is strengthened by the observation of
chroni c preneopl astic reactions of nesothelial cells follow ng the
intrapleural or intraperitoneal injection of long fibres in aninal
speci es (US NRC/ NAS, 1984).

Avail able data also indicate that it is fibres of a specific
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size that act as initiators of nesothelionma. Durable, |longer (> 5
pum, and thinner (< 1 un) fibres of various mnerals induce high
nmesot hel i ona rates after intrapleural and intraperitonea

admi ni stration, while, under the same circunmstances, granular dusts
or thick or short fibres of the sane materials are considerably

| ess potent. |Indeed, there is a clear quantitative relationship
between fibre size distribution and carcinogenic potential. In
addition to the fibre concentration and size, durability
(splitting, solubility, disintegration), and migration activity
account for the variations observed in nesothelionma incidence in
ani mal s.

(b) Lung cancer

In the case of bronchogenic cancer, there is evidence that
factors other than fibre size, such as adsorbed environnental
pol lutants (pol ycyclic aromati c hydrocarbons, etc), and tobacco
snoke, can contribute to the total carcinogenic potential of
m neral fibres.

Therefore, the extent to which results regarding the
quantitative relationships obtained in the intrapleural and
i ntraperitoneal injection studies on aninmals nmay be extrapol at ed
to bronchial <cancer is not «clear. Sone inportant reservations
are necessary. Wagner et al. (1980) did not find the same order of
rank for the carcinogenicity of three chrysotile varieties after
i nhal ation and intrapleural injection in rats. However, there is
sone evidence frominhal ation studies that |onger fibres are nore
carcinogenic. Sone authors see simlarities between ashestos and
pronotors such as phorbol ester (Topping & Nettesheim 1980;
Crai ghead & Mossman, 1982).

For the purposes of this document, a pronotor is defined as an
agent that increases the tunourigenic response to a genotoxic
carci nogen, when applied after the carcinogen, w thout being
carcinogenic itself.

7.1.3.6 Factors nodifying carcinogenicity

One of the mechani sns proposed for the induction of |ung
tumours by asbestos fibres is the adsorption and transfer of
pol ycyclic aromati c hydrocarbons into cells ("carrier hypothesis").

Equal nilligram amunts of crocidolite asbestos, carbon
hematite, and kaolin have been compared for their ability to bind
and rel ease the radiol abel | ed pol ycyclic aronmatic hydrocarbon and
3-net hyl chol ant hrene (3MC), into culture nedium (Mssnman &

Crai ghead, 1982). Asbestos did not adsorb nore 3MC or rel ease
greater anpunts of the hydrocarbon than the other materials.

The results of Bogovski et al. (1982) showed | ow | ung-t unour
rates in rats after intratracheal instillations of either
benzo( a )pyrene or chrysotile, alone (6.1%after 5 x 5 ng
benzo( a )pyrene, 3.7%after 5 x 1 ng chrysotile, 2.6%in the
control group). The instillation of a mixture of the 2 substances
yi el ded 40% |l ung tunours, and the addition of phenol (1% in
pol yglycin), 78.9% | ung tunmours. However, the tunour yield
foll owi ng exposure to a mixture of chrysotile and benzo( a )pyrene
was |lower in the studies of Smith et al. (1970) on hansters and of
Pylev (1972) on rats. After intraperitoneal or intrapleura
i njections, the chrysotil e-induced tumour rate was not augnented
by benzo( a )pyrene (Pott et al., 1972; Pylev, 1980).

A syncarcinogenicity in man of polycyclic aromatic hydrocarbons
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and chrysotil e was proposed when organi ¢ substances contai ni ng
benzo( a )pyrene were found in chrysotile (Harington, 1962; Pylev &
Shabad, 1973). However, the anounts were very low (2 - 240 pg
benzo( a )pyrene per kg chrysotile). The doses of benzo( a )pyrene
given in the studies of Bogovski et al. (1982) were 10’ to 10°

ti mes higher than would be received if adm nistering equal anounts
of natural chrysotile. Thus, it appears very dubious that

contam nati on with polycyclic aromati c hydrocarbons enhances the
carcinogenicity of asbestos significantly. Lakowi cz & Bevan (1980)
reported that the adsorption of benzo( a )pyrene on chrysotile and
ant hophyllite greatly enhanced their rates of uptake in the liver

m crosones, conpared with a microcrystalline dispersion of benzo( a )
pyrene. Crocidolite, fromwhich the natural organi c substances had
been renpved by extraction, produced a tunour incidence after
intrapleural admnistration in rats simlar to that produced by
untreated sanpl es (Wagner & Berry, 1969; Stanton & Wench, 1972).
Therefore, avail able data do not provide concl usive support for the
“carrier hypothesis".

7.2 Oher Natural M neral Fibres

There is a paucity of toxicol ogical data concerning natura
m neral fibres other than asbestos. The results of sone avail able
studies are presented in Tables 19 ( in vivo studies) and 20 ( in
vitro studies).

Only prelimnary in vitro studies have been conducted with sone
of the natural mneral fibres. The results of such assays vary
consi derably depending on the test system enployed and factors that
i nfluence the pathogenicity of mneral dusts in vivo (e.qg.
deposition, clearance, and i munol ogi cal reactivity) are absent in

vitro. Thus, such studies should be considered as only the first
stage of a nulti-tier toxicological test protocol for the
assessnment of potential hazards for human health.

The results of prelimnary in vivo studies involving
intrapleural or intraperitoneal admnistration to animals are
avai l abl e for some natural mineral fibres. However, introduction
into body cavities is an unnatural route of exposure that does not
take into account deposition and clearance in the respiratory
tract, but such studies do provide inportant information on the
characteristics of particles that influence pathogenicity and the
relative potency of various fibre types.

Exposure conditions in inhalation studies approach nost closely
the circunstances of human exposure to natural mineral fibres and
are nost relevant for the assessnment of health risks to nman.
However, only two such studies involving exposure to natura
m neral fibres other than asbestos (erionite, attapulgite, and
sepiolite) have been conducted to date.

Interpretation of the small anpbunt of toxicological data on
natural mneral fibres other than asbestos is also conplicated by
the fact that, in some studies, only the nmass of the adm nistered
materi al has been determined, while the origin of sanples and fibre
count or size distribution has often not been reported.

In this section, the avail able data are di scussed according to
m neral type under the followi ng headings: attapulgite, sepiolite,
wol | astonite, and erionite.

Tabl e 19. In vivo studies - natural mneral fibres other than asbestos

Fi bre type Source and fibre Pr ot ocol Number Species Results
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size distribution

Pal ygorskite
(Attapul gite)

Attapulgite

Attapulgite

Attapulgite

Attapulgite

Spani sh; fibre size
di stribution not
reported

Spani sh; fibre size
di stribution not
reported (wthout
ul t rasoni cati on)

Spani sh; fibre size
di stribution not
reported (with

ul trasonification)

two sanpl es from

At t apul gus, Georgi a;
purity > 90%
"conposed entirely
of short fibres

of consistently
smal | di aneter”

source not reported;
fibre length < 5
um 70%

i nhal ati on of

10 ng/n? for 12
mont hs; 4 ani mal s
sacrificed at 3,
6, and 12 nonths

intrapleura

i nocul ati on of
unspeci fi ed dose;
ani mal s observed
for life span

intrapleura

i nocul ati on of
unspeci fi ed dose;
ani mal s observed
for life span

intrapleura

i mpl antation of
40 ng; aninals
observed for 2
years

i ntraperitonea

40

40

30-50

33-34

F 344
rat

F 344
rats

Gsbor ne-
Mendel
r at

W st ar
rat

fibrosis g
mont hs: 3.7
1.1), 6 no
(control

12 nont hs:
control: 1

10 nesot he
survi vors

time perio
admi ni stra

5 nesot hel
(chrysotil
nesot hel i o
survivors

19 survivo
unspecifie
foll owi ng

t unour inc
(7% for b

76.5% of a
devel oped

chrysotile
nesot hel i o
(chrysotil:
nesot hel i o
first tuno
(chrysotil
days) afte

Tabl e 19.

(contd.)

Source and fibre
size distribution

i njection -

3 x 25 ng; animals
observed for

life span

Pr ot ocol

Sepiolite

Sepiolite

VWl | astonite

Spani sh; fibre size
di stribution not
reported

Spani sh; fibre size
di stribution not
reported (wthout

ul trasonification)

4 sanples from
Canadi an m ne;
one sanpl e

conpl etely fibrous;

only

i nhal ati on of

10 ng/ nm? for 12
mont hs; 4 ani mal s
sacrificed at 3,
6, and 12 nonths

intrapleura

i nocul ati on of
unspeci fi ed dose;
ani mal s observed
for life span

intrapleura

i mpl antation of
40 ng; animals
observed for 2

40

30-50

F 344
rats

Gsbor ne-
Mendel
rats

fibrosis g
nmont hs: 3.
1.1), 6 no
(control
12 nont hs:
(control

0 nesot hel
survi vors

time perio
admi ni stra

tunmour inc
(25%, 3/2
2/25 (8%,
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fibres "relatively
| ar ge"

New Zeal and -

frequency of fibres

< 0.5 umin
di aneter and > 4

pmin length = 1. 9%

Oregon - frequency
of fibres < 0.4
pumin di ameter

and > 5 pmin
length = 13.3%

years

i nhal ati on of

10 mg/ m? for 1
year; 4 aninmals
sacrificed at 3,
6, and 12 nonths

i nhal ati on of

10 ng/ m 7 h/day,
5 days per week,
for 1 year; 4

ani mal s sacrificed
at 3, 6, and 12
nmont hs

40

40

F 344
rat

F 344
rat

no nesot he
the ani mal ¢
sacrificed
after expo:

nmesot hel i o
(96.4% of
ani mal s no
12 nont hs
exposur e;
time 580 d

Tabl e 19.

(contd.)

Source and fibre
size distribution

Erionite

Erionite

Erionite

Erionite

Erionite

New Zeal and -

frequency of fibres

<0.5 pymin
di aneter and > 4

pmin length = 1. 9%

Oregon - frequency
of fibres < 0.5
pumin diameter and
>4 umin length

= 9.5%

Karain - frequency
of fibres < 0.5
pumin di ameter

and > 4 ymin
length = 2. 9%

"sedi nentary
erionite" source
and fibre size

di stribution not
reported
source not reported;

average length 1 um

(95% < 8 um;
average width 0.1
pum (94. 4% < 1 unm

intrapleura
i nocul ati on of

20 ng; aninals
observed for life
span

intrapleura
i nocul ati on of

20 ng; aninals
observed for life
span

intrapleura
i nocul ati on of

20 ng; aninals
observed for life
span

intrapleura
i njection of

25 ng; aninals
observed for life
span

i ntraperitonea

i njection of

10 or 30 ny;

ani mal s observed
for life span

40

40

40

10

F 344
rat

F 344
rat

Spr ague-
Dawl ey
rat

Swi ss
al bi no
mal e

nouse

6 nesot hel
survivors

time perio
admi ni stra

40 nesot he
nmean survi'
390 days

38 mesot he
nmean survi'
435 days

i nci dence

iomas afte
52.5% (U C
chrysotile
nesot hel i o

mal i gnant
tunours in
(60% 8 -
after adm |
mal i gnant
tunours in
(509 chry
treated co
bet ween 9

Tabl e 19.

(contd.)

Fi bre type

Source and fibre
size distribution

Erionite

"sedi nentary

i ntraperitonea

Spr ague

i nci dence
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erionite"; source i njection of Dawl ey i onas afte
and fibre size 25 ng; aninals rat 2.5% (Ul CC
di stribution not observed for life chrysotile
reported span mesot hel i o
Erionite natural |l y-occurring intraperitoneal 50 BALB/ ¢ peritoneal
from Col orado, USA injection of nouse in 21/42 d
10 ng; aninmals animals (5
observed for life and 23 non
span exposure
Erionite natural |l y-occurring intraperitoneal 50 BALB/ ¢ peritoneal
from Nevada, USA i njection of nouse in 6/18 (3
0.5, 2, or 10 nm; group), 24
ani mal s observed (2-nmg grou
for life span (38% (10-
Tabl e 20. In vitro studies - natural mineral fibres other than asbestos
Fi bre type Source and fibre Resul ts R
size distribution
Attapulgite Spani sh; thinnest fibres 0.02 - nore haenolytic in human B
0.03 pm wi de; nean | ength red blood cells than U CC
> 0.8 um and aspect chrysotile A

ratio > 17

Attapulgite "short-fibre"; source and cytotoxic in nouse peritoneal C
di stribution of sizes not macr ophages but not in A 549
reported and V79-4 cells
"l ong-fibre"; source and cytotoxic in all 3 cel
di stribution of sizes not types (see above)
reported

Attapulgite relatively pure sanple from m ni mal i nhibition of R
m ne in Attapul gus, Georgia; col ony-form ng efficiency
"fibres of small or smaller of 1-407 cells (16% vs 54%

di aneter range than di aneter for equal dose of anpsite)

range for chrysotile"

Attapulgite source and fibre size alteration in thynidine L
di stribution not reported i ncorporation by |ung
fibroblasts at 48 h; 63% of
that observed for chrysotile B

Table 20. (contd.)

Fi bre type Source and fibre Results R
size distribution

Sepiolite source not reported; "short- not cytotoxic in nouse C
fibre" (90%< 0.5 um peritoneal nacrophages;

A549 or V79-4 cells

source not reported; "long- cytotoxic in all 3 cel
fibre" (90% < 3.5 um types (see above)

Wl | astonite source and fibre size no rel ease of |ysosomal P
di stribution not reported enzynes nor damage to

menbrane in rabbit al veol ar
macr ophages exposed to
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250 pg/m; far |ess
cytotoxic than chrysotile

Erionite Oregon; 6.2 x 10° fibres/ g i ncrease in norphol ogi cal Pc
of dust; nedian |length transformati on and unschedul ed
1.7 pm 4.3% > 6 pm DNA repair synthesis

in C3H10T1/2 cells and
unschedul ed DNA repair
synthesis in A549 cells;
nore active than U CC
chrysotile and crocidolite

7.2.1 Fibrous clays

7.2.1.1 Palygorskite (Attapulgite)

The preliminary results of an inhalation study indicate that
the degree of fibrosis for animals sacrificed follow ng exposure to
Spani sh attapulgite for 3, 6, or 12 nonths was simlar to that for
ani mal s exposed to crocidolite (Wagner, 1982). The fibre size
distribution of the attapulgite and the admnini stered dose were not
reported in the early published account of the prelinmnary results
of this study.

In a study involving intrapleural admnistration in rats
(Wagner, 1982), Spanish attapulgite was |ess potent in inducing
mesot hel i al tumours than equal nasses of U CC chrysotile B, while,
i n another study involving intraperitoneal injection of attapulgite
of unreported origin (Pott et al., 1976a), it was nore potent than
chrysotile AL The fibre size distribution of the attapulgite
sanpl es was not specified in the first of the above two studies,
while, in the second, 30% of fibres were nore than 5 pmin length
In a further study, the incidence of turmours follow ng intrapleural
i mplantation of attapulgite in rats was | ow (7% versus 48. 3% for
U CC crocidolite); this | ow value was well correlated with the | ow
proportion of fibres in the critical size range (< 0.25 umin
dianmeter; > 8 umin length) in the admnistered material (sanples
fromthe mne in Attapul gus, Georgia) (Stanton et al., 1981).

The results of in vitro assays of the toxicity of attapulgite
have been somewhat contradictory. However, the fibre size
distributions of the adm ni stered sanples have not been reported in
the published accounts of nost of the studies. Attapulgite has been
nore haenolytic in red blood cells than U CC chrysotile A (Bignon
et al., 1980) and U CC B (Nol an & Langer, personal comuni cation
1985); it should be noted, however, that this is not considered to
be a particularly good predictive assay for the in vivo
pat hogenesi s of mineral dusts. |In another assay, the alteration in
thym di ne incorporation by lung fibroblasts exposed to attapulgite
was 63% of that observed for chrysotile B (Lenmire et al., 1982)
and "mininmal inhibition" of the colony-forning efficiency of I|-407
cells by attapulgite (16% versus 54% for an equal dose of anopsite)
has been reported (Reiss et al., 1980).

It has al so been reported that "short-fibre" attapulgite is
cytotoxic for nouse peritoneal nmacrophages but not for A549 and
V79-4 cells, whereas "long-fibre" attapulgite is cytotoxic in all 3
cell types (Chanberlain et al., 1982). On the basis of the
correlation of the results observed in previous in vitro studies
in these cell lines and in vivo investigations, it has been
inferred by Chanberlain et al. (1982) that "short-fibre"
attapulgite may be "fibrogenic" in in vivo studies, whereas "l ong-
fibre" attapulgite may be "fibrogenic and carcinogenic". Using
P388D1 cells, Lipkin (1985) did not find any cytotoxic effects with
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short-fibred Anerican or French attapulgite. Attapulgite fibres
have al so been shown to bind environnental carcinogenic

hydr ocar bons such as benzo( a )pyrene and nitrosonornicotine (Harvey
et al., 1984).

7.2.1.2 Sepiolite

The prelimnary results of an inhalation study indicate that
the degree of fibrosis for animals sacrificed after exposure to
sepiolite for 3, 6, or 12 nonths was sinmilar to that for aninmals
exposed to crocidolite (Wagner, 1982). Additional details on the
fibre size distribution of the sepiolite and on the study protoco
were not reported in the early published account of the prelimnary
results of this study.

No mesot helial turmours were reported in 40 F 344 rats, at an
unspecified period prior to study conpletion, follow ng
i ntrapl eural adm nistration of sepiolite (Wagner, 1982). "Short-
fibre" sepiolite was not cytotoxic in mouse peritoneal macrophages,
A549, or V79-4 cells, whereas "long-fibre" sepiolite was cytotoxic
in all three systens (Chanberlain et al., 1982).

7.2.2 Wollastonite

In studies involving the intrapleural inplantation in rats of 4
sanpl es of wollastonite froma Canadi an m ne, the nmesothelial
turmour incidence varied fromO to 25% (versus 48.3%for U CC
crocidolite) (Stanton et al., 1981).

In in vitro studies, wollastonite has been relatively non-
toxic in the cell systens studied to date. There was no rel ease of
| ysosomal enzymes nor damage to the nenbrane in rabbit al veol ar
nmacr ophages exposed to wol | astonite, at doses much greater than the
concentrations of chrysotile known to be cytotoxic in this system
(Pailes et al., 1984). 1In addition, wollastonite was found to be
far less haenmolytic in red blood cells than asbestos (Hefner &
Gehring, 1975; Vallyathan et al., 1984), and, whereas asbestos
i nhibits virus-induced interferon production fromnanmmalian cells
in culture (Hahon & Eckert, 1976) wol |l astonite enhances this
natural defence mechani sm (Hahon et al., 1980).

Recent evidence for the in vitro biological activity of
wol | astonite shows that these natural mineral fibres induce effects
on pul nonary macrophages that nay sinmulate events occurring in the
lung foll owi ng dust exposure, such as inpaired phagocytic capacity
of the exposed macrophages, and serum conpl ement activation, as
nmeasured by dose-rel ated increases in pul nonary macrophage
chemptaxis (Warheit et al., 1984).

7.2.3 Fibrous zeolites - erionite

In an inhalation study (Wagner et al., 1985) in which animals
were exposed for one year to erionite fromseveral sources, at 10
my/ ¥ 7 h/day, 5 days per week, a remarkably high incidence of
nmesot hel i omas (96.4% occurred in the animals that remained 12
nont hs after exposure (sanple from Oregon) (frequency of fibres
< 0.4 ymin dianeter and > 5 pymin length = 13.3%. For
conpari son, nesothelionas were present in only 15 (1.4% of 1056
rats exposed in earlier studies to simlar concentrations of
various forns of asbestos for periods varying from1 day to 2 years

(Reeves et al., 1974; \Wagner et al., 1974; Davis et al., 1978).
The tinme to devel opnent of the tumours in the Oregon erionite-
exposed ani mals was approximately half of that observed in
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crocidolite-exposed ani mal s (Wagner, 1982). No nesot hel i onmas
occurred in rats exposed by inhalation to New Zeal and erionite
(frequency of fibres < 4 pmin diameter and > 4 ymin length =
1.99% for one year (\Wagner, 1982).

In studies involving injection into the body cavities of
animals, erionite has been extrenely potent in the induction of
nesot hel i al tunours; indeed one author reported that it is the
"most potent known experinental carcinogenic agent for the pleura
nmesot hel i uni’ (Maltoni et al., 1982b). For exanple, in a study
involving the intrapleural administration in rats of 20 ng of
erionite from Oregon, the nesothelial tunour incidence was 100%
for sanples originating fromKarain this val ue was 95% (\Wagner et
al ., 1985). The incidence of tunours after 67 weeks, in rats
receiving an intrapleural injection of 25 ng of "sedinmentary
erionite" of unreported origin, was 52.5% (U CC Canadi an chrysotile
0% (Maltoni et al., 1982a,b). In the same study, the incidence of
tumours following intraperitoneal injection of a simlar anount of
the sane material was considerably less (2.5% (U CC Canadi an
chrysotile 2.5%. On the basis of these results, the authors
concluded that there was a different degree of "responsiveness of
the pleura and peritoneumto erionite and crocidolite" (crocidolite
was nore potent in inducing tunours follow ng intraperitonea
adm nistration). However, a high incidence (6/10, 60% of nalignant
turmours has been noted in another study in which 10 ng of erionite
(average length 1 pm average width 0.1 pnm) was admini stered
intraperitoneally to mice (incidence in chrysotile-exposed ani nal s,
2/ 4, 50% (Suzuki, 1982). No peritoneal tunours were observed in
mal e BALB/c mice that had been administered erionite by a single
intraperitoneal injection and had died |l ess than 7 nonths after
exposure. Between 7 and 23 nonths after adm nistration, there were
nmesotheliomas in all the erionite-treated groups: 10 ng Col orado
erionite, 21/42 (50%, 10 ng Nevada erionite, 3/8 (38%, 2 ny
Nevada erionite, 24/44 (55%, and 0.5 ng Nevada erionite, 6/18
(33%.

Avail able data al so indicate that sone forns of erionite are
nore toxic in in vitro systens than crocidolite and chrysotile. A
sanple of erionite from Oregon increased norphol ogi ca
transformation in mammal i an C3HLOT1/2 cells and unschedul ed DNA
repair synthesis in A549 cells to a greater extent than U CC
chrysotile and crocidolite (Poole et al., 1983). The authors noted
that fewer fibres in the sanple of erionite adninistered were in
the "pathogenic" size range (4.3% > 6 umlong, nedian length 1.7
um, conpared with the U CC crocidolite, and suggested that there
m ght be some property of erionite that makes it quantitatively
nore active.

7.2.4 Assessnent

Al t hough, in general, the toxicological information is not
adequate to assess the potential risks associated with exposure to
nost of these fibrous minerals, it can be concluded, with sone
certainty, that sonme forns of erionite may be particularly
hazardous. This conclusion is based on the observed potency of the
mneral in the induction of nesothelial tunours follow ng both
intrapleural inplantation and inhalation. It has been suggested by
one author that erionite may be "the nost dangerous of the natura
fibres" (Wagner, 1982) and by another that it is the nobst potent
known experinmental carcinogenic agent for the pleural nesothelium
(Maltoni et al., 1982).

8. EFFECTS ON MAN

Page 74 of 138



Asbestos and other natural mineral fibres (EHC 53, 1986)

8.1 Asbestos

The epi dem ol ogi cal studi es di scussed bel ow are categorized
according to whether the asbestos exposure was occupational (m ning
and mlling, manufacturing, or product application), para-
occupati onal (nei ghbourhood of an asbestos industrial plant, or
honme of an asbestos worker), or exposure of the general popul ation
(air or water).

8.1.1 Cccupational exposure

I nhal ati on of asbestos dust can cause fibrosis of the |ung
(ashestosis), changes in one or both surfaces of the pleura,
bronchi al carci noma, mesothelioma of the pleura and peritoneum
and possibly cancers of other sites.

8.1.1.1 Asbestosis

This is clinically diagnosed on the basis of a history of
exposure to asbestos, clinical signs and synptons, chest radi ograph
appear ances, and tests of lung function. These indices show the
usual range of severity typical of biological processes, naking
di agnosi s easy and certain in advanced cases, but difficult and
uncertain in the earliest stages of the disease.

Under recent exposure conditions, asbestosis will rarely be
detectable, even in its early stages, in less than 20 years from
first exposure. 1In the npjority of cases, asbestosis wll advance
after cessation of exposure (Berry, 1981; Jones, RN, et al.

1980; Navratil, 1982), though early cases do not show any
appr eci abl e radi ographi ¢ change over many years, provided that
there is no further exposure (Gregor et al., 1979; Rubino et al.
1979a; Liddell & MDonald, 1980).

The 1968 British Cccupational Hygi ene Society standard of 2
fibres/m for chrysotile was based on a retrospective study of a
factory popul ation, which did not include those who had left the
factory and were still alive (Peto, 1978). Further follow up of a
| arger popul ation, including ex-enployees, showed that the annua
i nci dence of crepitations in nen with cunul ati ve doses bel ow 100
fibre/m years was of the order of 2% (Acheson & Gardner, 1979),
and a recent analysis suggests that the lifelong risk of devel opi ng
early signs of asbestosis nmay be even higher (Berry et al., 1979).

There is no substantial evidence that asbestos fibre type
i nfl uences the frequency or severity of pulnonary fibrosis.
However, the risk may be higher in the textile industry than in
mning and milling, or in the manufacture of friction products
(McDonal d, 1984).

As deat hs due to asbestosis nmay appear on death certificates
under anot her guise and are nost frequently included in deaths due
to non-nalignant respiratory di sease, information on nortality due
specifically to asbestosis is usually inconplete.

For workers who in the past suffered very heavy exposure, such
as English textile workers first exposed before 1933 (Knox et al.
1968) or North American insulation workers (Selikoff et al., 1979),
this distinction was not inportant, as the excess risk was so |arge
that the estimted excess was nore or | ess the sane by either
criterion; but for |ess heavily-exposed workers, whose nortality
experience is nore relevant for the purpose of estimating risks at
| ower exposure levels, neither estimate is satisfactory, as
nortality due to respiratory di sease varies substantially over tine
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and between countries and social classes, and expected nunbers are
therefore unreliable. Ashestosis nortality in heavily-exposed
workers is related to tine since first exposure and intensity of
exposure, but not to age (Knox et al., 1968), and is increased by
cigarette snoking (Hamond et al., 1979). |If the risk were
linearly related to intensity of exposure at |ower |evels, these
rel ati onships would provide a basis for estimating | owlevel risks
(Peto, 1978), but this seens inplausible for such a generalized
progressi ve condition.

8.1.1.2 Pleural thickening, visceral, and parieta

Exposure to ashestos may produce acute or chronic viscera
pl euri sy, which tends to run parallel to the severity of the
acconpanyi ng asbestosis, and thus, is a feature of those w th heavy
occupati onal exposure to asbestos. |In contrast, parietal pleura
thi ckening (plaques) is often not associated with asbestosis and
tends to occur also in those with only light occupational exposure;
it may also be a marker for those exposed environnentally. A high
preval ence of pleural plaques in a nunber of countries across
Eur ope has been attributed to environmental exposure to various
mneral fibres. Pleural changes are related to the tinme fromfirst
exposure rather than to accunul ated exposure (Rossiter et al.
1972). Pleural calcification is occasionally seen as a very late
consequence of occupational exposure.

8.1.1.3 Bronchial cancer

The first reports (d oyne, 1935; Lynch & Smith, 1935),
suggesting that asbestos nmight be related to |ung cancer occurrence
were foll owed by approxinmately 60 case reports over the next 20
years. The first epidem ol ogical confirmation of this association
was published by Doll (1955). Since then, over 30 cohort studies
have been carried out in industrial populations in severa
countries. The majority have shown an excess |lung cancer risk
(McDonal d, 1984), but several studies have shown no significant
excess nortality frombronchial tunours, even though sone
nesot hel i omas occurred (Rossiter & Coles, 1980; Thonas et al.

1982; Berry & Newhouse, 1983; Ohlson & Hogstedt, 1985).

(a) Type of asbestos

It is not clear whether chrysotile, crocidolite, and anosite
differ in their potential to cause |lung cancer. Qccupationa
exposures to these fibres usually occur under different industrial
circunstances and with the exception of mning and mlling,

m xtures of asbestos fibre types are often present. Wth regard to
m ning, Australian crocidolite mners experienced approximtely 5
times the lung cancer risk of Canadian chrysotile mners (Hobbs et

al., 1980); however, it is not known whether the exposure |levels or
other risk factors such as smoking were conparable in these 2
popul ations. I n manufacturing, both Enterline & Henderson (1973)

and Hughes & Weill (1980) presented evidence suggesting a | ower

| ung cancer risk frompure chrysotile exposure than froma mxture
of chrysotile and anphi boles, but these results were not

definitive. Recent studies of 2 textile plants, one using
chrysotile only (McDonal d et al., 1983a), the other using a mixture
of chrysotile and anphi boles (MDonald et al., 1983b), showed no
difference in lung cancer risk between the two. However, as with
the mining studies, it is difficult to make such cross-study
compari sons, because of possible differences in the actual exposure
| evel s and other risk factors. |In gas-nmask manufacture, in the
1940s, those exposed to crocidolite had a greater excess of lung
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cancer than those using only chrysotile (MDonald & MDonal d,
1978).

(b)

Cunul ati ve asbestos exposure was estinmated for each individua
in 10 studies on 9 industrial populations, using both duration and
intensity information. |In tw of these studies, both on asbestos
cement workers (Al bin et al., 1983; Finkelstein, 1983), the
reported results are difficult to interpret. Both had relatively
smal | nunmbers of |ung cancer deaths but substantial nortality from
nesot hel i oma, and both failed to reveal any consistent relationship
bet ween the observed excess |ung cancer and exposure. The 8
remai ni ng studi es (Table 22) reveal ed approximately Iinear
exposure-response rel ati onshi ps, but the estimted sl opes of these
lines varied considerably. Mich uncertainty is associated with
each estinated slope, because of many factors, including the
limted exposure neasurenents made during the relevant tine
periods. The estimated sl opes, however, exhibit a pattern
according to industrial process, with the | owest val ues reported
for miners and friction product workers; the highest for textile
wor kers, and internediate values in other nmanufacturing plants.

I ndustrial processes

The variations in these results may be related to the state and
physi cal treatment of the asbestos in different situations, the
dust clouds thus containing asbestos fibres of different physica
di mensions. A detailed review of other exposure-response estinmates
for lung cancer in different cohorts has recently been published by
the US NRC/ NAS (1984).

Tabl e 21. Standardi zed nortality ratios for cancers of the |ung,

gastrointestin

and other sites in asbestos workers (nunber of deaths in parentheses)?

Sex Type of Peri od of St andardi zed nortality ratio for: Nunmber
exposure observation Lung Gastro- O her of
cancer intestinal cancer nesot hel -
cancer i omas
Mal e M ni ng, 1946- 75° 1.03 (9) 1.03 (15) 0.94 (13) 1 f
chrysotile 1951- 75° 1.22 (224) 1.03 (209) 1.05 (317) 10 !
Mal e Manuf acture, 1936-77°¢ 0.85 (28) 0.91 (18) 0.93 (26) 2 1
chrysotile 1958- 77° 2.00 (59) 1.46 (25) 1.28 (35) 1 I
1958- 772 ¢ 1.49 (84) 1.14 (59) 1.16 (70) O M
1953- 830 ¢ 1.61 (113) 1.10 (47) 0.84 (48) 17 P
Mal e Manuf acture, 1941- 79¢ 1.03 (143) 0.96 (103) 0.88 (77) 8 E
m xed 1947- 80 1.96 (57) 1.11 (19) 1.00 (28) 5
1944-76 1.72 (44) 1.04 (31) 0.95 (89) 3
Mal e Manuf acture, 1941-73 6.29 (84) 2.07 (26) 1.62 (42) 11
anosite
Mal e I nsul ati on, 1943- 62° 7.00 (42) 2.99 (29) 1.04 (17) 7 ¢
m xed 1967-76 4.24 (397) 1.67 (89) 1.98 (258) 102 ,
1933- 75¢ 2.38 (103) 1.18 (40) 1.39 (38) 46 !
Mal e Shi pyar ds 1947-78 0. 84 (84) 0. 83 (68) 1.11 (87) 31
Mal e Var i ous - 3. 07 (55) 1.05 (16) 1.29 (36) 23
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Femal e Manufacture, 1936-75 8.44 (27) 1.96 (20)
m xed 1941- 794 0.53 (6) 1.06 (29)

Femal e Vari ous - 2.06 (27) 1.28 (15)

& From Doll & Peto (1985).

b Twenty or nore years after first enploynent.

Sone little exposure to anphibol es.
Ten or nore years after first enpl oynent.
¢ Cases of cancer and incidence ratios, not deaths.

Tabl e 22. Exposure-response rel ationships for bronchia
Locati on Process Fi bre
type | ung cancer riskP®
(fibres/ (rmppcf
m years) years)
Canada
Quebec m ni ng/ chrysotile - 0. 0014
mlling
USA
Connecti cut friction chrysotile - 0. 000
product s
Loui si ana cenent m xed - 0. 0044
products
Pennsylvania textile m xed - 0. 051
Sout h textile chrysotile 0.023 -
Carolina®
- 0. 082
0. 051
area not m xed m xed - 0. 00658
stated

United Ki ngdom

friction 0. 00058 -

product s

area not
st at ed

chrysotile

Health and Welfare (1984);

8 NModified from Canada, Nationa
b Adjusted to relative risk or S\R = 1

¢ Studies in sane factory.
NA = not applicable.
(c) Co- car ci nogens

Because of a | ack of

at zero dose

i nformati on on

1.62 (33) 21

0.85 (51) 2 :
0.99 (90) 7
cancer?

Sl ope for increased Conversion factor

(mppcf to fibre/m)

aut hors ot her
1 -
5 -
- any
- 1
- 1

3

5
NA NA
- 3
- 5
- 3
- 5
- 1
- 3
- 5
NA NA

report of Conmittee

snoki ng in nost cohorts, it
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has been possible to conpare the lung cancer risk associated with
asbest os exposure at different |evels of snoking exposure in only a
few studies. Although there is evidence of an effect of asbestos
in the absence of smoking, it is not clear whether the effects of
the 2 carcinogens are multiplicative or additive (if

nmul tiplicative, then asbestos exposure at a given | evel would
multiply the risk anong vari ous snoki ng groups by the same
constant; if additive, then the risk due to asbestos exposure woul d
be added arithnetically to the snmoking risk).

A review of the available studies (Saracci, 1981) and a recent
report based on the Canadi an nining population (Liddell et al.
1983) suggest that the joint effect of these two exposures is
probably nmore than additive but not always multiplicative.

| f asbestos acts, at least in part, as a pronoter rather than
an initiator of lung cancer, then exposures other than persona
snoking may al so be inportant. In particular, passive snoking, air
pollution, or ionizing radiation may play a role, but no human data
are avail able, as yet, concerning the conbined effects of these
factors with asbestos

8.1.1.4 Mesothelioma
The majority of known cases of nesothelioma arise as a result

of occupational or para-occupational exposure to asbestos or ot her
fibrous mnerals, but all series have shown sone cases where no

such fibre exposure has seened probable. |t has been suggested that
it is likely that there are other causes of nesothelioma (Peterson
et al., 1984). No association with snoking has been observed

(McDonal d, 1984).
(a) Fi bre type

No reliable exposure-response information is available for
nmesot hel i oma. The 8 studies with adequate neasurenents of exposure
intensity and duration showed only a small nunber of cases of
nesot hel i oma, and, in at least 4 of the 7 popul ations studied,
exposure was to mxed fibre types. Sem -quantitative data
(Newhouse & Berry, 1979; Seidman et al., 1979; Hobbs et al., 1980)
have suggested that increased risk of mesothelioma may be rel ated
to the duration and intensity of asbestos exposure. Qher factors,
particularly the time fromfirst exposure, may al so be inportant
(Rossiter & Coles, 1980; Peto et al., 1982; Browne, 1983a,b).

Definitive concl usions cannot be drawn in the absence of
exposure-response information for individual fibre types. However,
avai | abl e evi dence suggests a substantial difference between
chrysotile and the anphi boles (especially crocidolite) in their
capacity to cause nesothelioma. The evidence is sunmarized bel ow

1. Substantial nunbers of cases have occurred in naval dockyard
cities where anphibol e exposure, especially during Wrld War
I, was probably heavy (Harries, 1968; MDonald & MDonal d,
1978). O special interest is the study of Rossiter & Col es
(1980) at Devonport dockyard in which 31 cases of nesothelionmm
wer e observed anong a total of 1043 deaths ( P << 0.001), but
no excess of |ung cancer

2. Case-referent surveys in North Anerica have shown very high
ri sks associated with insulation work that usually entailed
exposure to anphi bol e/chrysotile m xtures (MDonald & MDonal d,
1980; Langer (on the basis of tissue analysis), persona
conmuni cation, 1985).
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3. Short-termexposure to pure crocidolite of workers engaged in
the manufacture of nmilitary gas masks in Canada (MDonald &
McDonal d, 1978) and the United Kingdom (Jones, J.S.P. FEt al.
1980) resulted in an extraordinarily high incidence of cases of
mesot hel i oma. The same was true, but to a |l esser extent, in
workers in Australian (Hobbs et al., 1980), and South African

crocidolite mnes (Tolent et al., 1980), and in an American
i nsul ation products plant in which only anpsite was used
(Seidman et al., 1979). |In contrast, very few cases have been

reported anong chrysotile production workers in Canada, Italy,
South Africa, and the USSR

4. Cohort studies on workers in 2 textile plants in the USA showed
a 50-fold greater lung cancer excess than in chrysotile m ners.
In one of these plants, only chrysotile was used, and there
was one case of nesothelioma; in the other, snall quantities of
anphi bol e were used, and there were 20 cases of nesotheliona.
In a third plant, manufacturing friction products from
chrysotile only, there was little or no excess of |lung cancer
and no nesot heli omas (McDonald & Fry, 1982; MDonal d, 1984).

5. Cases of nesothelioma in 4 asbestos factories in the Province
of Quebec were all associated with the use of anphibole
(McDonal d, 1980).

6. Electron mcroscopy case-referent surveys in North Anerica
(McDonald et al., 1982) and in the United Kingdom (Jones,
J.S.P. E al., 1980), have shown a substantial excess of
anphi bole fibres in the lung in nesothelioma cases conpared
with controls but no difference in chrysotile fibres. However
variations in the persistence of different fibre types in the
lung conplicate the interpretation of the results of tissue
burden studies.

7. In a friction products plant studied by Berry & Newhouse (1983)
in which only chrysotile was used (except in a well-defined
area of one workshop, where crocidolite was processed for 9
years), the only excess nortality conprised 10 deaths from
pl eural nesothelioma, 8 or perhaps 9 in nen who had worked with
the crocidolite.

8. Five cases of nesotheliona were reported by Acheson et al
(1982) anobng 219 deaths in wonmen who had nmanufactured mlitary
gas masks (containing crocidolite) conpared with 1 case anobng
177 deaths in wonmen manufacturing civilian masks (containi ng
chrysotile); this woman had al so worked with crocidolite in
anot her factory where other cases of nesothelioma occurred.

9. There were 5 cases of nesothelioma anong 136 deaths, 20 or nore
years after first enploynent, in a London insulation products
factory in which only anpsite was used (Acheson et al., 1981).

An indication of the different risks for both pleural and
peritoneal nesothelioma is shown in Table 21, in which studies with
the relevant information are listed. |In ternms of absol ute nunbers
of mesotheliomas, greater risks were associated with crocidolite
and possibly anpsite exposures than with chrysotile exposure al one.
Exposure to mxed fibres generally resulted in an internedi ate
risk. Results of studies not reporting the nesotheliona site are
consistent with these findings.

The reasons for the different nesothelioma risks associ at ed
with different fibre types could include differences in the
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physi cal dinmensions of the fibres and the possibilities of higher
effective doses, increased peripheral deposition, and/or |onger
ti ssue persistence for anphi bol e exposure than for chrysotile.

(b) I ndustrial process

Current information does not suggest an inportant differential
inrisk according to the industrial process.

8.1.1.5 Oher cancers

Many cohort studies on different popul ati ons have suggested
that cancer at sites other than the lung, pleura, and peritoneum
has resulted from occupati onal exposure to asbestos. |In contrast,
ot her studi es have shown no excesses of cancer at other sites.

(a) Gastroi ntestinal cancers

In 18 out of 30 cohort studies on asbestos workers, the nunber
of deaths from gastrointestinal cancer exceeded the nunber
expected; in the 12 rennining studies, there was no excess
(McDonal d, 1984). SMRrs for gastrointestinal cancer in various
cohorts are presented in Table 21. However, these excesses are
difficult to assess because of confounding factors such as soci al
cl ass and geographi cal variations, and because of possible
m sdi agnosis. Mreover, there is no evidence of dose-related
effects. Thus, a causal relationship with asbestos has not been
established. This subject has been reviewed recently by Acheson &
Gardner (1983), the Ontario Royal Conmi ssion on Asbestos (1984),
and Doll & Peto (1985).

(b) Ki dney cancer

The excess of kidney cancer observed by Selikoff et al. (1979)
has not been supported by any other study so far. A causa
rel ati onshi p has not been established.

(c) Laryngeal cancer

Evi dence concerning this cancer is conflicting. In addition to
the small excess noted by Selikoff et al. (1979), 2 case-contro
studi es, one in Liverpool by Stell & MGIl (1973), and the other
in Toronto by Shettigara & Morgan (1975), produced evi dence of
increased risk. On the other hand, there was no excess in Quebec
mners and mllers (MDonald et al., 1980), and the results of a
case-control study in London by Newhouse et al. (1980) were al so
negative. However, Doll & Peto (1985) concluded that "on the
present evidence, we conclude that asbestos should be regarded as

one of the causes of l|aryngeal cancer". Again, the relationship,
t hough pl ausi bl e, has not been firmy established. The excess, if
any, would be small in conparison with bronchial cancer

(d) Q her sites

Anmong i nsul ation workers, 252 deaths were certified as due to
"ot her cancer", but 54 of these were reclassified on review as
nmesot hel i oma and 28 as |ung cancer (Selikoff, 1982). Reanalysis of
the data has suggested that a substantial part, and perhaps all, of
the apparent excess due to other cancers can be attributed to
m sdi agnosis. Two sites particularly liable to be certified
incorrectly are the pancreas and liver; 16 of the 49 deaths
certified as due to pancreatic cancer were, in fact, due to
peritoneal mnesothelioma (Selikoff & Seidmann, 1981). There is,
therefore, little evidence of a causal relationship between
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asbest os and cancers of these other sites.

There have been three studies in which there was an excess
nortality fromovarian tumours in workers exposed to mxed fibres
(Acheson et al., 1982; Wgnall & Fox, 1982; Newhouse et al., 1980),
but, in two other studies, no increase was found (Acheson et al.
1982; Berry & Newhouse, 1983).

8.1.1.6 Effects on the inmmne system

Changes i n i mmunol ogi cal vari abl es have been observed in
patients with ashbestosis and in experinental animals exposed to
asbest os; however the significance of these changes in the etiol ogy
of asbestosis is not clear. It is also inportant to note that,
though few data are available, it is possible that exposure to
other particles may effect simlar changes.

Pernis et al. (1965) reported a significant increase in
rheumatic factors in asbestos workers with di agnosed asbestosis.
I ncreases in non-organ-specific anti-nuclear antibodi es and
rheumat oi d factors have al so been reported by Turner-Warw ck &
Parkes (1970), Lange et al. (1974), Kagan et al. (1977b), and

Navratil & Jezkova (1982). |In addition, changes characteristic of
idiopathic interstitial pulmonary fibrosis, such as increased

| evel s of the immunoglobulins IgA 1gG 1gM IgE and conpl enent
conponents 3 and 4 (Lange et al., 1974; Kagan et al., 1977a; Lange,
1982) have been observed in patients with asbestosis. On the basis
of these observations, it has been concluded that asbestos can
trigger immnol ogi cal mechani sms that are involved in lung fibrosis
(Huuskonen et al., 1978; Lange, 1980). A decrease in the nunber of
T cells (Kang et al., 1974; Kagan et al., 1977a), defects in cell-
nedi ated immunity, and a deficiency of the generation of the
mgration inhibition factor (MF) have al so been shown in persons
with asbestosis (Lange et al., 1978). It has been suggested that
changes in T-cell subpopul ations affect inmunoregul atory phenonena
with a resulting decrease in T-cell-nediated imunity and increase
in B-cell activity. This could explain the known increased
production of autoantibodi es, hyperganmgl obul i naem a, and

increase in inmune conplexes noted in patients with ashestosis

(Sal vaggi o, 1982).

A detail ed review of imrmunol ogi cal changes associated with
asbestosis and a discussion of the inportant role of alveolar
nmacr ophages in the etiology of this disease has been published by
Kagan (1980).

The i munol ogi cal status of individuals with asbestos-rel ated
cancers has been described in only a linmited nunber of reports
(Ramachander et al., 1975; Haslamet al., 1978). These studies
indicate that the mtogenic | ynphocyte response is inpaired in such
patients.

8.1.2 Para-occupational exposure

8.1.2.1 Nei ghbourhood exposure

Pl eural calcification has been associated with exposure to
asbestos in the environnent. An increased preval ence of pleura
calcification was observed in a Finnish population residing in the
vicinity of an anthophyllite mne (Kiviluoto, 1960), and sinilar
observations were made in populations living in the vicinity of an
ant hophyllite mine in Bulgaria (Zolov et al., 1967), an actinolite
mne in Austria (Neuberger et al., 1982), and an asbestos factory
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in Czechosl ovakia (Navratil & Trippe, 1972).

There is sone evidence, mainly fromcase series and
retrospective case-control studies, that the risk of nesotheliom
may be increased for individuals who |ive near asbestos m nes or
factories; however, the proportion of nesotheliona patients with
nei ghbour hood exposure to asbestos varies markedly in different
series. In an early review, of 33 cases of nesothelioma in the
Nort heast Cape province of South Africa (Wagner et al., 1960),
approxi mately 50% were individuals with no occupati onal exposure
who had lived in a crocidolite-mining area. In 1977, Wbster
further reported that, of 100 cases of nesothelionma in South Africa
with no identified occupational exposure, 95 had been exposed to
crocidolite and only 1 to anosite (Wbster, 1977). Newhouse &

Thonpson (1965) observed 11 ot herw se unexposed cases (30.6% of
patients in the series) who had lived within 0.5 nile of an
"ashestos factory" using m xed anphi boles in London. Data on cases
of mesothelioma observed in the nei ghbourhood of shipyards were
reviewed by Bohlig & Hain (1973), who reported 38 cases of "non-
occupati onal " nesot helioma, which occurred during a 10-year period
inresidents in the vicinity of a Hanburg asbestos plant. However,
in a study conducted in Canada, excluding individuals with

occupati onal or househol d exposure to asbestos, only 2 out of the
254 (0.75% cases of mesothelioma recorded in Quebec between 1960
and 1978 lived within 33 km of the chrysotile mnes and mlls
(McDonal d, 1980). |In addition, in a systematic investigation of

all 201 cases of nesothelioma and 19 other pleural tunours reported
to the Connecticut Tunour Registry, between 1955 and 1977, and 604
random y-sel ect ed decedent controls, there was no association

bet ween i nci dence and nei ghbour hood exposure (Teta et al., 1983).

Few data are available on the length of residence of the
patients in the vicinity of the plants in these studies. Qut of
413 notified cases of nesothelioma in the United Kingdomin 1966-
67, 11 individuals (2.7%, who were not asbestos workers and who
did not have househol d exposure, had lived within one nile of an
asbestos factory for periods of 3 - 40 years. 1In a review of cases
of nmesothelioma in 52 femal e residents of New York state, diagnosed
bet ween 1967 and 1968, three otherw se "unexposed" patients (5.8%
lived within 3.6 km of asbestos factories for 18 - 27 years (Vi anna
& Pol an, 1978). 1In nost of the studies, there were few data
concerning the type of asbestos to which nei ghbourhood residents
wer e exposed.

Four ecol ogi cal  epi demi ol ogi cal studi es have been conducted
to investigate the rel ationshi p between exposure to ashestos in the
envi ronment and di sease (Fears, 1976; G ahamet al., 1977; Panpal on
et al., 1982; Siem atycki, 1983). On the basis of the analysis of
cancer incidence data fromthe Quebec Tunour Registry, the risk for
resi dents of asbestos-mining communities was from1.5 to 8 tines
greater than that for those in rural Quebec counties, for 10
different cancer sites anong males, and for 7 sites anong fenales.
The higher risks in males were attributed, in part, to occupationa
exposure. There was increased risk of cancer of the pleura in both
sexes, which decreased with increasing distance of residence from
the asbestos mines. The authors enphasized the linitations of
their study and recommended that information concerning other
exposures and lifestyle factors should be considered in nore
power ful case-control studies.

An addi tional ecol ogi cal study has been conpl eted (Panpal on et
al ., 1982; Siem atycki, 1983). DMortality between 1966 and 1977 in
aggl omerations (several rmunicipalities) around the asbestos-m ning
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communi ties of Asbestos and Thetford M nes was conpared wi th that
of the Quebec population. A statistically-significant excess of

For the purposes of this docunent, an ecol ogica
epi dem ol ogi cal study is one in which exposure is assessed for
popul ati ons rather than individuals.

cancer anong nmales in these aggl onerations was attributed to
occupati onal exposure. A tel ephone survey indicated that 75% of
the men in these conmunities had worked in the mnes (Siem atycki
1983). For wonen, whose exposure had been confined to the
environment or, in sonme cases, to environmental exposure and famly
contact, there were no statistically-significant excesses of
nmortality due to all causes (standard nortality rate? SMR = 0.89),
all cancers (SMR = 0.91), digestive cancers (SMR = 1.06),
respiratory cancers (SMR = 1.07), or other respiratory di sease (SMR
= 0.58). Simlarly, there were no significant excesses when the
nortality rate at age |l ess than 45 was consi dered or when the

ref erence popul ation was confined to towns of sinmilar size.
Unfortunately, very few causes of nortality were examined in this
study, and the classes were fairly broad. The authors concl uded
that the results were consistent with the hypothesis of no excess
ri sk, though an SMR of 1.1 - 1.4 for lung cancer could not be ruled
out in such a study.

In a recently-conpleted study, no significant differences in
the incidence of cancer of the lung or stomach were found in two
Austrian towns, one near natural asbestos deposits and one with an
asbest os- cenment production plant, in conparison with |Iocal and
nati onal population statistics (conmunity size and agricultura
i ndex were taken into consideration) (Neuberger et al., 1984).

I n anot her ecol ogi cal study conducted in the USA, in which
there was sonme attenpt to control for the urban effect,
geogr aphi cal gradi ent and soci oeconomi c class, there was no
correl ation between general cancer nortality rates and the | ocation
of ashbestos deposits (Fears, 1976).

Ecol ogi cal studies such as those descri bed above are consi dered
to be insensitive, because of the |arge nunber of confounding
variabl es, which are difficult to elimnate. In addition, true
excess cancer risk is probably underestimated in such studies,
because of population nobility over a | atent period of severa
decades (Polissar, 1980). Case-control and cohort studies are
general ly nore powerful than ecol ogi cal epidemi ol ogi cal studies,
because exposure and outconme are assessed for individuals rather
than for populations. One relevant cohort study has been
conducted. Mortality data for nmen who lived within 0.5 niles of an
anosite factory in Paterson, New Jersey in 1942 were conpared wth
data in 5206 male residents of a simlar Paterson nei ghbourhood
with no asbestos plant (Hamond et al., 1979). Al nmen who worked
in the factory were excluded. Approximtely 780 (44% of the
"exposed" popul ation) and 1735 (46% of the "unexposed" popul ation)
died during the 15-year period 1962-76. Wth respect to tota
deat hs, deaths from cancer (all sites conbined), and |ung cancer
nortality experience was slightly worse in the "unexposed"
popul ation during this period. Therefore, there was no evi dence of
increased risk attributable to nei ghbourhood exposure.

a Rati o of the nunber of deaths observed to the nunber of deaths
expected, if the study popul ation had the same structure as the
standard popul ati on.
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In summary, avail able data indicate that the risk of pleura
pl agues and nesot heli oma may be increased in popul ations residing
inthe vicinity of asbestos mnes or factories. However, there is
no evi dence that the risk of lung cancer is increased in simlarly-
exposed popul ati ons. However, it should be noted that, in the past,
airborne fibre | evels near ashestos facilities were generally nuch
hi gher than they are today. For exanple, Bohlig & Hain (1973)
mentioned that before the second Wrld War, there was "visible
snowfall -like air pollution" froman asbestos factory in Germany.
It is also clainmed that, 20 years ago in Quebec nining
communities,"snowlike filnms of asbestos" accunul ated regularly
(Siem atycki, 1983).

8.1.2.2 Household exposure

Measur enents nade by Nicholson et al. (1980) in the honmes of
mners and non-mners in a chrysotile-mning comunity in
Newf oundl and, showed that fibre concentrations were several tines
higher in the former than the latter. Studies of both Newhouse &
Thompson (1965) in the United Kingdom and of MDonald & McDonal d
(1980) in North Anerica showed nore cases of househol d exposure in
nesot hel i oma patients than in controls, after exclusion of
occupation. Two further epidem ol ogi cal surveys have specifically
addressed the question. Vianna & Polan (1978) studi ed the asbestos-
exposure history of all 52 histologically confirmed fatal cases of
nesothelioma in fenmales in New York State (excludi ng New York
Cty), in 1967-77, with matched controls. Excluding 6 cases
exposed at work, 8 others had a husband and/or father who worked
wi th asbestos; none of their matched controls had a history of
donestic exposure whereas the reverse was true in only one pair.
I nformation on | atency was not given, but 2 of the 8 whose husbands
were ashbestos workers were aged only 30 and 31 years, respectively.

In a study by Anderson et al. (1979), over 3100 househol d
contacts of 1664 surviving enpl oyees of the Paterson anosite
asbestos plant, were identified in the period 1973-78. From over
2300 still living, 679 subjects who thensel ves had never been
exposed to ashestos occupationally, and 325 controls of simlar age
distribution, were selected for radiographic and ot her tests.

Smal | opacities and/or pleural abnormalities were observed in 35%
of the househol d contacts and 5% of the controls. Pleural changes
were nore frequent than parenchynmal changes. The readi ngs were
nmade by 5 experienced readers and though the interpretati on was by
consensus, it was nmade w t hout know edge of exposure category. The
nortality experience of this popul ation of household contacts is

al so under study; the nethod has not yet been adequately described
but at l|east 5 cases of mesothelioma and excess nortality fromlung
cancer have been reported.

8.1.3 General popul ation exposure

(a) I nhal ati on

Pl eural calcification has been associated with exposure to
mneral fibres in the environment. |Increased preval ence has been
observed in populations living in the vicinity of deposits of

anthophyllite, trenolite, and sepiolite in Bulgaria (Burilkov &

M chai l ova, 1970), and trenolite deposits in G eece (Bazas et al.
1981; Constantopoul os et al., 1985). However, increased preval ence
of pleural calcification has also been observed in popul ations

wi t hout any identifiable asbestos exposure (Rous & Studeny, 1970).
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There is very little direct epiden ol ogi cal evidence on the
effects of urban asbestos air pollution. The question was
addressed to sone extent in anal yses of the extensive surveys of
mal i gnant nesot helial tumours undertaken by MDonald & McDonal d
(1980) in Canada during the period 1960-75, and in the USA in 1972.
Systemati c ascertai nnent through 7400 pat hol ogi sts yi el ded 668
cases which, with controls, were investigated primarily for
occupational factors. After exclusion of those with occupati onal
domestic, or mning nei ghbourhood exposure, the places of residence
of wormen were exanined for the 20 to 40-year period before death.

O 146 case-control pairs, 24 cases and 31 controls had lived in
rural areas only, and 82 cases and 79 controls had lived in urban
areas only. These very small differences could easily be due to
chance, quite apart fromthe greater |ikelihood of case recognition
in urban than rural areas and the contribution of exposure in the

i medi at e nei ghbour hood of plants, such as that in Paterson, New
Jersey.

Sone indication of the possible inpact of general atnospheric
air pollution can be obtained fromthe study of sex differences in
the trends of mesothelioma nortality. This approach was expl ored
in a recent analytical review by Archer & Rom (1983) and MDonal d
(1985). The industrial exploitation of asbestos began early in
the present century and accel erated sharply during the period
before and during the first world war. G ven the usual |atency for
nmesot hel i oma of 20 - 40 years, it night be expected that the
ef fects of asbestos exposure would be seen in the 1950s, especially
in men. There are several sets of data from Canada, Finland, the
United Kingdom and the USA, which show that nortality in nales was
i ndeed rising steeply (up to 10% per annum), whereas in wonen, it
i s doubtful whether there was any increase. Since there was
evi dence that both occupational and donestic exposure accounted for
sonme cases in wonen, there is little roomleft for any naterial
effect attributable to general environnent exposure.

(b) I ngesti on

It has been postul ated that asbestos fibres in drinking-water,
and perhaps also in food, could conceivably increase the incidence
of alinmentary cancers in popul ati ons exposed over many years. This
is a conplex question, as the exposures are intermttent and the
concentrations vary. However, even in industrial cohorts, the
associ ati on of asbestos exposure with alinentary cancer is
i rregul ar (McDonal d, 1984) and not wholly convincing (Acheson &
Gardner, 1983).

Ecol ogi cal epideni ol ogi cal studies have been conducted in
several areas with relatively high concentrations of asbestos and
simlar mneral fibres in the drinking-water supplies in Duluth,

Canadi an cities, Connecticut, Florida, the San Francisco Bay area,
and Utah. Only one rel evant anal ytical epidemn ol ogi cal study has
been conducted, the | ocal e of which was Puget Sound, Washi ngton
The results of these studies have been reviewed (Marsh, 1983; Toft
et al., 1984) and are presented in Table 23.

In 5 of the areas (Connecticut, Florida, Quebec, the San
Franci sco Bay area, and U ah), the contaminating fibres were
predom nantly chrysotile in concentrations ranging from bel ow
detection to 200 x 10° fibres/litre. In the sixth popul ation
(Dul uth), exposure was to an anphibole nineral in a simlar range
of concentrations, though it is not clear to what extent the
particles were truly asbestos.
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There has been no consistent evidence of an associati on between
cancer incidence or nortality and ingestion of asbestos in
drinking-water in the studies conducted in Canada (Wgle, 1977,

Toft et al., 1981), Connecticut (Harrington et al., 1978; Meigs et
al., 1980), Duluth (Mason et al., 1974; Levy et al., 1976;

Si gurdson et al., 1981), Florida (MIllette et al., 1983), and Utah
(Sadler et al., 1981). However, all of these studies had
[imtations (Toft et al., 1984). The Duluth and Connecti cut
studi es both had the disadvantage of relatively recent onset of
exposure (1955 in Duluth, nostly since 1955 in Connecticut) and in
Connecticut and Florida, asbestos fibre concentrations in nost

wat er supplies were very low (< 10% fibres/litre). The Canadi an
studies included localities with | ongstandi ng exposures to high
concentrations of asbestos (> 100 x 10° fibres/litre), but the
popul ations at risk were relatively small and cancer incidence data
were not avail abl e.

In the ecol ogi cal epidem ol ogi cal study conducted in San
Franci sco, there was evidence of an associ ati on between exposure to
asbestos in drinking-water and the incidence of gastrointestinal
cancer (Kanarek et al., 1980; Conforti et al., 1981). This study
had several advantages including |ong-standing, relatively high but
vari abl e concentrations of asbestos in water supplies, a large
popul ation at risk, i.e., the power of the study was good, and
popul ati on-based cancer incidence data (Toft et al., 1984).
However, there were several confounding factors that conplicate
interpretation of the results of the San Franci sco Bay area study.
Reanal ysi s, taking population density into account, reduced the
significance of the rel ationship observed between ingested
asbestos and cancer in nales and increased the significance of the
association for females (Conforti, 1982). G aphical reanalysis of
the data also indicated that there were differences in cancer
i ncidence within San Franci sco conpared with the surroundi ng census
tracts; this "San Francisco effect” may undernine the significance
of the association that was observed in the California study
(Tarter, 1982).

Tabl e 23. Epidem ol ogi cal studies: asbestos in drinking-water

Study area Fi bre type Popul ati on and St udy design
exposure
Dul ut h, anphi bol e -100 000 ecol ogi cal : conpari son of
M nnesot a (mne exposed to 1 - 65 age-adjusted cancer
tailings) x 10° fibres/ i nci dence rates (1969-74)
litre for 15 - in Duluth with those in
20 years M nneapolis and St. Pau
anmphi bol e ~-100 000 ex- ecol ogi cal : determ nation
(mne exposed to 1 - 65 of SMRs (1950-69) for
tailings) x 108 fibres/ Dul uth with conpari son
litre for 15 - popul ati on (M nnesot a)
20 years
Connecticut chrysotile -580 000 ecol ogi cal : determ nation
(asbest os- exposed to 1 X of standardi zed cancer
cenent pipe) 10° fibres/ i nci dence ratios (1935-
litre for 73) from Connecti cut
20 years Tunor Regi stry dat a;

no evi de
i ncr eas:
gastroir
cancers

presen
asbest o:

no evi de
i ncreas:
gastroir
cancers
presenc
ashbest o

aut hors
| argely
results
concent
asbest os
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towns grouped by exposure
to asbestos in drinking-
wat er and popul ation
density; nmultiple
regression analysis with
a series of independent
vari abl es concer ni ng
popul ation density,

soci oeconomi ¢ st at us,
and dri nki ng-wat er
quality

dri nki ni

Tabl e 23.

(contd.)

Study area

Fi bre type

Popul ati on and
exposure

Fl ori da
(Escanbi a
county)

Quebec

chrysotile
(asbest os-
cement pipe)

chrysotile
(m ning
activities)

-200 000
exposed to < 10
x 10° fibres/
litre; |ong-

st andi ng

contam nation
(-40 years)

-30 000 ex-

exposed to -200 x

10° fibres/
litre; |ong-
st andi ng
cont am nati on
(-80 years)

ecol ogi cal : conpari son
of SMRs for 7 cancer
sites amobng 3 exposure
gr oups

ecol ogi cal : conpari son

of observed to expected
cancer nortality (1964-
73), calculated on the
basis of Quebec nortality
rates specific for sex,
site, period, and age

no evi de
associ a
use of ¢/
deat hs
gastroi
and rel.
limted
and ana

no consi
convi nci
evi dence
i ncreas:
risks a
to inge:
dri nki ng
contam |
asbest o

Tabl e 23.

(contd.)

Study area

Fi bre type

Popul ati on and
exposure

chrysotile
(m ning
activities
and natur al
er osi on)

225 000 in
Thetford M nes
and 100 000 in
Sher br ooke
exposed to -100
x 10°% fibres/
litre; |ong-

st andi ng
cont am nati on
(-80 years)

ecol ogi cal : conpari son
of ASMRs (1966- 76)

for 71 municipalities
across Canada stratified
by asbestos concent -

rations in drinking -

wat er, use of

chl orination; ASMRS for
Sher br ooke conpared with
those for 7 nmunicipalites
with | ow concentrations of
asbestos in drinking-water
mat ched for water source
(surface), use of

chl orination, and
popul ati on size; stepw se
mul tiple regression
analysis with 13

i ndependent vari abl es

no consi
convi nc
of incr:
cancer

attribut
i ngestic
dri nki ni
cont am |
ashest o
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concer ni ng soci oecononi c
status, drinking-water
quality, and nobility

California chrysotile -3 000 000 ecol ogi cal : determ nation
(Bay Area) exposed to -36 of standardi zed cancer
x 10° fibres/ i nci dence ratios for 722
litre; census tracts (1969-74)
| ongst andi ng from Third Nationa
cont ami nati on Cancer Survey dat a;
(-60 years) census tracts aggregated

by asbestos concentration
and income or education;

I og linear regression
analysis with 6

i ndependent vari abl es

Table 23. (contd.)

Study area Fi bre type Popul ati on and St udy design
exposure
Ut ah chrysotile 24 000 exposed ecol ogi cal : conpari son
(ashest os- to unknown of cancer incidence data
cement pipe) concentrations from Third Nationa

for 20 - 30 years Cancer Survey data for
several Utah communities

Washi ngt on chrysotile popul ati on of case-control
(Puget Seattle, Everett, determination of odds
Sound) and Tacoma rati os for cancer

met ropol i tan i nci dence (1974-77) and
areas exposed to nmortality (1955-75) in
-200 x 108 two groups of census
fibres/litre; tracts aggregated
| ongst andi ng according to asbestos
cont ami nati on estimates of length
(-60 years) of exposure for cases

i n hi gh-exposure area,;
2 control groups

Studi es, such as those described above, are considered to be
insensitive because of the |arge nunmber of confoundi ng vari abl es,
which are difficult to elimnate, and the potential to
underesti mate cancer risk due to population nobility over a | atent
period of several decades. In the nore powerful case-control study
conducted in the Puget Sound area, which included data on
i ndi vi dual exposures based on | ength of residence and water source,
there was no consistent evidence of a cancer risk due to the
i ngestion of asbestos in drinking-water.

Thus, the studies conducted to date provide little convincing
evi dence of an associ ati on between asbestos in public water
suppl i es and cancer induction

8.2 Oher Natural M neral Fibres

evi dence
positive
associ at
exposur
relatio
bet ween
concentr
dri nki ni
cancer

positiv
associ a
gall bl
in fem
ki dney

| eukaem
but stu
contr ol

soci oec:
popul at
and nig

aut hors
t hat st
not pro
evi denc:
cancer

t he inge
ashest o
dri nki ni
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The present review of minerals that may occur in fibrous form
will be confined to the fibrous clays, fibrous zeolites, and
wol | astonite. Although the effects of human exposure to these
fibres should be described in the same sequence as those for
asbestos, it is not possible with the very scanty epi demni ol ogi ca
data available. |Instead, such information, as exists, will be
exam ned under 4 nain m neral ogi cal headi ngs.

8.2.1 Fibrous clays

8.2.1.1 Palygorskite (attapulgite)

The biol ogical effects of these mneral fibres were revi ewed by
Bignon et al. (1980). They nmention only a 41-year-old nman with
pul monary fibrosis who had been exposed for 3 years in attapulgite
mning in France, and a 60-year-old woman treated for 6 nonths with
a drug containing attapulgite, who was excreting fibres in the
urine. They state that there have not been any epi dem ol ogi ca
studies of attapulgite workers. However, surveys are in progress
in the USA.

8.2.1.2 Sepiolite

There appears to have been only one epi dem ol ogi cal survey of
wor kers exposed to sepiolite, i.e., a radiographic study of 63 nen
engaged in trinmming sepiolite stones in Eskisehir, Turkey, in the
manuf acture of souvenirs. They had been enployed from1l to 30
years (mean 11.9 years), and 10 showed radi ographi c evi dence of
pul ronary fibrosis. However, nore than half of those with fibrosis
came fromdusty rural regions that were rich in trenolite asbestos
and zeolite deposits; silica and deatom particles were al so present
(Baris et al., 1980).

8.2.2 Wllastonite

Surveys have been made of wollastonite-nine and -mi |l workers
in New York State and of workers exposed to this mineral in a
Finnish Iinmestone quarry. |n the American studies (Shasby et al.
1979; Hanke et al., 1984), 57 workers were exanined in 1976 and

1982. Three cases of category 1 sinple pneunoconiosis were found
and statistical analysis suggested that the nore heavily exposed
had a significantly greater decline in peak expiratory flow. In
the Finnish surveys (Huuskonen et al., 1983a,b), slight pul nonary
fibrosis was detected radiologically in 14 nen, and bilatera

pl eural changes in 13 men out of 46 exposed for 10 years or nore.
Prelimnary results froma cohort study on 238 of the quarry

wor kers showed no excess nortality, but the authors noted that one
worman with 20 years exposure died froma nalignant retroperitonea
nmesenchymal tunour, 30 years after first enpl oynent.

8.2.3 Fibrous zeolites - erionite

The remarkabl e i nci dence of nmesothelial tunours in sonme renote
Anatolian villages was first reported by Baris (1975). The results
of intensive environnmental and epi dem ol ogi cal studies have since
been described (Baris et al., 1978, 1979; Lilis, 1981; Saracci et
al ., 1982; Sébastien et al., 1983). |In Karain, with a popul ati on of
| ess than 600 in 1977, 42 cases of nmalignant nesotheliona occurred
during the previous 8 years. |In Tuzkoy, a larger village of 2729
i nhabitants 5 km away, at |east 27 cases occurred in the period
1978-80 (Artvinli & Barris, 1979). Both sexes were equally
affected and at an appreciably younger age than is usual in
occupational cases. Although nany questions remnai n unanswered,
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there appears to be little doubt that this disastrous situation was
largely attributable to environnental exposure, frominfancy, to
fine zeolite fibres of volcanic origin, which occur in |ocal dust
and whi ch have been identified in the lung tissue of patients. The
el emental conposition of nost of these fibres was consistent with
erionite. Little asbestos outcropping is used in this area of
Turkey (Rohl et al., 1982).

9. EVALUATI ON OF HEALTH RI SKS FOR MAN FROM EXPOSURE TO ASBESTOS
AND OTHER NATURAL M NERAL FI BRES

9.1 Asbestos

9.1.1 GCeneral considerations

The results of extensive epidem ol ogi cal and toxicol ogi ca
studi es have confirned that health risks due to asbestos exposure
are mainly associated with inhalation. The risks fromingestion
seemto be negligible, by comparison

Estimation of the risks fromasbestos is nmore conplex than for
nost ot her substances because of the nature of the material
Asbestos is a crystalline, relatively insoluble material of severa
different types, the biological effect of which is influenced by
several factors including the diameter and | ength of the fibres and
the length of their retention in the lung. The sources of the
fibre and the way they are manipulated in the various processes
frommning to final denolition markedly influence the hazards.
Therefore, it is not possible to make a sinple risk assessnment or
derivation of dose-response curve for asbestos

The principle ashestos-rel ated hazards for man are two types of
respiratory cancer: bronchial carcinoma and nesotheliom; the
|atter affects the pleural surfaces and nmay al so occur in the
peritoneum Both types of cancer progress rapidly and have | ow
survival rates, and the detection of these health effects would be
relatively easy, if it were not for the fact that many cases of
bronchi al cancer can, in general, be attributed to cigarette
snoking. At present, it is not possible to separate cases
specifically due to snmoking or to asbestos exposure. There is
epi dem ol ogi cal evidence of a nore than additive effect on |ung
cancer risk with concurrent exposure to asbestos and cigarette
snoke. Thus, overall, snoking is a major contributory factor to
the bronchial cancer risk attributed to asbestos exposure.

Until about 30 years ago, nesotheliomas were so rare that they
were not recorded separately in national cancer statistics. It is
now known that the majority of these tunmours are related to
asbest os exposure but not to snoking. However, studies of severa
groups of nesothelioma cases have consistently shown a snal
proportion in which a link with exposure to asbestos could not be
identified historically, or, in some cases, could not be associated
with excess asbestos fibres in the |ungs.

In addition to the respiratory cancers, asbestos inhalation
causes fibrosis of the lungs (asbestosis). 1In the early part of
the century, this was the principle asbestos-related health risk
because lung cancer was rare (presumably because there was little
smoking). Wth very heavy exposures to asbestos, the disease
becane nanifest within as short a period as 5 years. At |ower dust
| evel s, the disease may not appear for 20 years fromfirst
exposure. In some countries, conditions have greatly inproved and
it is likely that asbestosis will no |onger be the cause of
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significant asbestos-related nortality. The incidence of
asbest osi s anbng asbest os- exposed wor kers appears to be decli ning.
Jacobson et al. (1984) have reported a | ow preval ence of detectable
X-ray changes in asbestos workers initially enployed in 1971 or
later to fibre levels neeting current standards in the United
Kingdom There is no epideni ol ogi cal evidence suggesting that
asbestosis has resulted fromexposure in the general environnent.

Fromthis it will be seen that the risk of cancer has recently
become the health risk of main concern in relation to asbestos.
Thi s concern has been increased by the belief that there may be no
threshol d for many carci nogens bel ow which there is no risk, but
this "no threshol d" hypothesis has not been proved in the case of
asbestos. It may be that the risk is epidemologically
undetectably |l ow at the concentrations of airborne asbestos that
can be measured only at the high sensitivity of electron
m croscopy.

The need to consider the full inplications of the "no
t hreshol d* hypothesis for the induction of cancers by asbestos has
led to nmuch effort to use past experience with high-1leve
occupati onal exposures to predict the possible hazards at nuch
| ower | evels where no excess risks have actually been observed.
This applies both to the occupational setting (to set occupationa
exposure limts) and to possible risks in the general environnment.

There are two broad approaches to assessing health risks:

1. The qualitative approach, nmaking use of a variety of enpirica
observations related to particul ar past situations.

2. The quantitative approach, using mathematical nodels based on
the numerical data on the environnental |evels of asbestos in
the past and the incidence of asbestos-rel ated cancers.

9.1.2 (Qualitative approach

9.1.2.1 Cccupationa

There are several studies concerning occupationally exposed
groups (section 8) in which the conditions in the past have not
caused a detectable increase in bronchial cancer and in which the
nunbers of those involved, the tinme since first exposure, and the
conpl eteness of followup were such that even a noderate increase
in bronchial cancer risk should have been detected. The experience
in these factories suggests that it my be possible to use asbestos
under particul ar circunstances with no detectabl e excess of
bronchi al cancer.

Mesot hel i omas are not necessarily related to bronchial cancers.
Det ecti on occurs many years after first exposure, the |atency
period often being |onger than that for bronchial cancer
Mesot hel i omas have appeared nore frequently in subjects with
exposure to anphi boles than in those exposed to chrysotile.

9.1.2.2 Para-occupational exposure

Mesot hel i oma nortality has been found to be elevated in
popul ati ons exposed in an indirect or para-occupational manner
These fibre exposures originated fromnining and mlling
operations, fromfactories releasing fibres into nei ghbourhoods, or
from asbestos carried hone on the clothing of workers. However,
| evel s associated with such exposures appear to be extrenely
variable, and it is not possible to derive quantitative estimtes
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of risk fromthese data.

In several studies, excess risk of lung cancer from para-
occupati onal exposure has not been reported. For many years, in
the past, environnental pollution in the chrysotile asbestos m ning
areas was very high with reports of "snowlike" conditions
persisting for long periods. However, studies on such popul ations
have not shown any significant asbestos-rel ated excess of cancers
(section 8). Conditions in recent years have been inproved by the
i ntroducti on of adequate control neasures. Marked differences in
mesot hel i oma i nci dence have been observed in southern Africa. The
i nci dence was very high in the crocidolite mning areas, very | ow
around the anpsite mnes, and apparently undetectable in the
chrysotile areas of Zi nbabwe and Swazil and (Wagner, 1963b; Wbster
1977).

9.1.2.3 Ceneral popul ation exposure
For the general environnent, the Task G oup concluded that:

(a) the major fibre type observed in the general environnment
is chrysotile; the average fibre concentration ranges over
three orders of nmagnitude fromrenote rural to |arge urban
ar eas;

(b) chrysotile fibres in the general environnent are virtually
all less than 5 ymin | ength and possess di aneters that
require electron mcroscopy for visualization; these fibres
have not been characterized in work-place environnents,
nor have they been considered in conputing dose-response
estimates for human di sease; and

(c) the risk of nesothelioma and bronchial cancer, attributable
to asbestos exposure in the general population, is
undetectably I ow, the risk of asbestosis is practically
nil.

9.1.3 Quantitative approach

Assessnent of health risks fromexposure to asbestos fibres
must take into account all the previously discussed factors
regardi ng the physical and chemical properties of the fibre types,
nmeasur enments of exposure, and biol ogical response in both human
bei ngs and animals. On this basis, the Task Group enphasi zed
specific principles and then commented on the nobst frequently cited
assessment nodel s.

(a) Fi bre type

The Task Group believed that any risk nodel for nesotheliom
nust di stinguish anbng the fibre types.

The human data reviewed by the Task Goup indicate that the
asbestos-rel ated di seases observed in the work-place are a function
of fibre type. The anphi bol es have been associated with
asbestosis, nmesothelioma, and |ung cancer. The association of
chrysotile with the first two di seases has al so been established,
but its association with nesothelioma is less clear. O the total
of 320 mesot helionas reported for all cohort studies on asbestos-
exposed workers, only 12 occurred in workers exposed to chrysotile
al one, though the majority of workers studi ed were exposed to
chrysotile. The nesotheliona incidence in chrysotil e-exposed
wor kers appeared to be less than that in workers exposed to
crocidolite or anpsite. However, animal studies have not shown
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concl usi ve evidence of a | ower carcinogenic potency of chrysotile.
(b) Fi bre size and anount

The inportance of fibre size in the etiology of disease has
been wel | denonstrated by asbestos inplantation and inhal ation
studies on aninmals. Cccupational exposure in different industries
i nvol ves exposure to a range of fibre dinensions, and these
differences in fibre size, both length and di aneter, may be
responsi ble for variations in lung cancer rates observed in
different industries. Short fibres (< 5.0 um) appear to be |less
active biologically than long fibres (> 5.0 unm) of the same type
However, there are limted data for human popul ati ons on the
contribution to health effects associated with exposure to fibres
much shorter than 5 pym The Task Group believed that extrapolating
di sease experience in the work-place, derived on the basis of
neasurenents of long fibres, to the anbient air, which contains
mai nly short fibres, introduced a major variable of unknown
consequence.

Hi storically, work-place exposures to asbestos have been
neasured using a variety of non-specific nethods. Currently, such
neasurenents are made, in nost cases, by using nenbrane filter
col l ection and subsequent anal ysis by phase contrast |ight
m croscopy. Wth phase contrast |ight mcroscopy, the nunber of
fibres per volunme of air are deternined. However, by convention
only fibres > 5 umin length, with diameters snmaller than 3 um
and having an aspect ratio of > 3:1 are counted. These fibres
were chosen because they were believed to represent the
bi ol ogi cal l y-rel evant part of the respirable fraction. In
addition, there is no conparability between the results obtained by
the Membrane Filter Method and those obtained by any other
currently avail abl e met hods (especially those expressed in nass
units). As a consequence, pooling of data obtained using different
met hods is inappropriate. Thus, the size of the data base that can
be used to construct reliable dose-response relationships is
severely reduced. The Task G oup believed that, even in the
occupati onal setting, dose-response relationships are ill-defined

interns of fibre size, fraction of biologically-relevant dust,
and fibre dose. For this |ast paraneter, the use of cumnulative
dose may not be appropriate in cal culating dose-response

rel ati onshi ps.

(c) Mechani sm of action

Once inhaled, chrysotile tends to split longitudinally and
degrade chemically. As a result, its residence time in the lung is
shorter than that of other asbestos types. Residence tine in
tissue is considered to be an integral part of dose. |In addition
asbestos may act as a pronotor (section 7.1.3.5). These factors
have not been taken into account in nodels for quantitative risk
assessnent.

9.1.3.1 Bronchial cancer

At |ow |l evel s of asbestos exposure, such as those that occur in
the general environnment, the excess cancer incidence is too lowto
be detected directly. Efforts to provide an estinate of what they
m ght be, using the incidence observed at hi gh occupational |evels
and then extrapol ating downwards to the effects at |low or very | ow
| evel s, has been carried out using a |linear nodel relating
i nci dence and dose (concentration x time). The validity of such
i near extrapol ati on cannot be proved for such |ow | evels, but
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fits reasonably well with the response observed at higher |evels.
It is likely that it overestimates rather than underesti mates the
risk at low levels

The nost widel y-used nodel for the effects of asbestos exposure
on lung cancer incidence assunes that the relative risk is
i ncreased in approximte proportion to both the intensity
(fibre/m) and duration of exposure, irrespective of age, snoking
habit, or time since exposure. This can be sumarized by the
formul a:

Ia(d,f,a,s) =1yas) x (1 + K xdx f) (1)

where 1,(d,f,a,s) denotes |ung cancer incidence anong asbestos

wor kers aged "a" who smoke "s" cigarettes per day and have been
exposed for a total duration of "d" years at an average | evel of
"f* fibre/m. 1y denotes lung cancer incidence at the sane age "a"
in an unexposed population with sinmlar snoking habits, and K_is a
constant, characteristic of the mineral type and distribution of
fibre dinensions of the asbestos. The relative risk, which equals
1+ K xdxf, is thus increased in proportionto d x f, the
cunul ati ve dose (fibre/m years).

There are many uncertainties in using this fornmula. For
exanple, there are no surveys in which there have been reliable and
comparable fibre counts going back to the time when the observed
occupati onal groups were first exposed. In the small nunber of
surveys with dust estinations extending 20 or nore years into the
past, the indices of dust |evels are not conparable, for exanple,
particles per cubic foot in the chrysotile mning and mlling

industry and fibres/m in the textile industry, obtained using
entirely different dust sanplers. Confident conversion fromone to
the other nmeasurenment is not possible as different dust paraneters
wer e neasured, and the conversion factor, when obtained, varied for
different processes within the industry (section 5). Different

aut hors have used different conversion factors.

In Equation 1, K., the "constant", represents a nunber of
bi ol ogically inmportant variables such as fibre type, size
distribution of the airborne fibre, and the rate of lung cl earance
of the fibres, etc. These nmay well differ between different
surveys.

Cigarette snoking is such an inportant factor that it is
i ncluded in the nodel, but for many of the surveys, information
about the number of cigarettes snmoked was not avail able. Snoking
habits, which may be rising in sonme devel opi ng countries and
falling in industrialized countries, will render the predicted
figures even less reliable. |If snoking levels are rising, a higher
absol ute excess risk can be expected in the future, unless the
asbestos dust |evels are reduced.

The reservations concerning the reliability of the nodel
indicate that it can be used to obtain only a very broad
approxi mati on of the lung cancer relative risk. The different
val ues of the extrapolated risk estimtes (generated predicting
excess cancers per mllion people in the general popul ation) varied
over many orders of magnitude (US NRC/ NAS, 1984).

9.1.3.2 Mesotheliom

For both pleural and peritoneal mesothelionma, the incidence has
been reported to be approximately proportional to between the 2.6th
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and 5th power of tinme since first exposure to asbestos, and to be

i ndependent of age or cigarette snoking habit. Such a nodel
predicts that the effect of each day of exposure adds to overal

i ncidence and is proportional to the intensity of exposure on that
day. Mre fornmally, the predicted incidence rate (1), t years after
first exposure, is proportional to t* (t-d)*4 where d is duration

of exposure (Peto et al., 1982). These predicted incidence rates
are roughly proportional to the duration of exposure for a period
of up to 5 or 6 years, but the effect of further exposure falls
progressively. According to the nodel, there is little increase in
risk after exposure |asting beyond about 20 years (Peto, 1983).

The suggested nodel for the prediction of nesothelionma
i ncidence (1) is thus:

1(t,f,d) = Kux f x (t*(t-d)% (2)

where t denotes years since first exposure, f is the |evel of
exposure in fibre/m, and d is duration of exposure in years. The
constant Ky depends on the type of fibre and the distribution of
fibre dinensions of the asbestos.

As with the lung cancer nodel, there are reservations with the
nesot hel i oma nodel. Sone of the uncertainties raised for |ung
cancer also apply for nesothelioma. Additionally, the dose-
response relationship indicated by the fornula (Equation 2) is not
supported by all of the data available, and fibre types are not
di stinguished. This last feature led the Task Group to the
concl usion that the Ky val ue, which has been generated from
anphi bol e and mi xed fibre data, cannot be used for chrysotile.

The Task Group concl uded that any nunber generated (nunber of
cases per mllion people) will carry a variation over nany orders
of magni tude (For nore information, see US NRC/ NAS, 1984).

9.1.3.3 Risk assessnent based on incidence of nesothelionmas in
wonmen

Because of the many sources of uncertainty and consequent error
inrisk estimtion based on extrapolation, it is necessary to
reconsi der the possibility of sone nore direct approach. The
i nci dence of nalignhant nesothelioma is a relatively specific

i ndicator of mineral fibre exposure. |f observed in a standardized
manner for a sufficient length of tine and in a | arge enough
popul ation, this index could have considerable sensitivity. In

particular, the incidence of nmesothelioma in wonen, if conbi ned
with case-referent field studies to estimate the contribution of
direct and indirect occupational factors, could be used to assess
the risk of asbestos exposure in the general environment (section
8). This approach was explored in recent analytical reviews by
Archer & Rom (1983) and McDonal d (1985). The industrial

expl oitation of asbestos began early in the present century and
accel erated sharply during the period before and during the first
world war. G ven the usual latency for nesothelioma of 20 - 40
years, it mght be expected to see the effects of asbestos exposure
in the 1950s, especially in nmen. There are several sets of data
from Canada, Finland, the United Kingdom and the USA, which show
that nortality in males is rising steeply (up to 10% per annunj,
whereas in wonen, it is doubtful whether there is any increase.
Since there is evidence that both occupational and donestic
exposure account for some cases in wonen, there is little roomleft
for any material effect attributable to general environnenta
exposure. However, the sensitivity of this approach needs to be
eval uat ed.
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9.1.4 Estimating the risk of gastrointestinal tract cancer

Because of the inconsistent findings on gastrointestinal tract
cancers and | ack of data on exposure-response, the risk for this
di sease cannot be estinated.

9.2 Oher Natural Mneral Fibres

Despite the scanty epideni ol ogi cal information on popul ations
exposed to many natural mineral fibres, the results of |aboratory
research suggest that all nineral fibres of simlar size, shape,
and persistence, nay well carry the sane or greater risks for nman

Until there is information to the contrary, it nmay be prudent to
make this assunption. However, on the basis of available data, it
can be concl uded that sone forns of fibrous zeolites (e.qg.
erionite) are particularly hazardous, causing nesotheliona in
exposed popul ati ons.

9.3 Concl usi ons

9.3.1 Asbhestos

9.3.1.1 Cccupational risks

Anong occupational groups, exposure to asbestos poses a health
hazard that may result in asbestosis, |lung cancer, and
mesot hel i oma. The incidence of these diseases is related to fibre
type, fibre size, fibre dose, and industrial processing. Adequate
control measures should significantly reduce these risks.

9.3.1.2 Para-occupational risks

I n para-occupational groups, which include persons wth
househol d contact and nei ghbour hood exposure, the risk of
nmesot hel i oma and | ung cancer is generally nuch | ower than for
occupational groups. Risk estimation is not possible because of
the |l ack of exposure data required for dose-response
characterization. The risk of asbestosis is very low. These risks
are being further reduced as a result of inproved contro
practi ces.

9.3.1.3 Ceneral population risks

In the general popul ation, the risks of nesothelionma and | ung
cancer attributable to asbestos cannot be quantified reliably and
are probably undetectably low. Cigarette snoking is the ngjor
etiological factor in the production of lung cancer in the genera
popul ation. The risk of asbestosis is virtually zero.

9.3.2 Oher mneral fibres

On the basis of available data, it is not possible to assess
the risks associated with exposure to the najority of other mnera
fibres in the occupational or general environnent. The only
exception is erionite, for which a high incidence of nesotheliom
in a local population has been associated with exposure.

10. PREVI QUS EVALUATI ONS BY | NTERNATI ONAL BODI ES
10.1. [|ARC

The carcinogenic risk of asbestos was evaluated in detail in
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Decenber 1976 by an International Agency for Research on Cancer
Working Group (1ARC, 1977), and this evaluation was reconsidered in
1982 by another Working Goup (I ARC, 1982). The summary eval uation
fromthe | ater nonograph is reproduced here.

1

10.

"There was sufficient evidence for carcinogenicity to hunans.
Cccupati onal exposure to chrysotile, anosite, anthophyllite,
and m xtures containing crocidolite has resulted in a high

i nci dence of lung cancer. A predominantly trenolitic materi al
m xed with anthophyllite and small anounts of chrysotile also
caused an increased incidence of lung cancer. Pleural and
peritoneal nesotheliomas have been observed after occupationa
exposure to crocidolite, anpsite, and chrysotile asbestos.
Gastrointestinal cancers occurred in increased incidence in
groups exposed occupationally to anosite, chrysotile, or nixed
fibres containing crocidolite. An excess of cancer of the

l arynx was al so observed in exposed workers. Mesothelionas
have occurred in individuals living in the nei ghbourhood of
asbestos factories and crocidolite mnes, and in people living
wi th asbestos workers. Cigarette snoking and occupationa
exposure to asbestos fibres increase |ung cancer incidence

i ndependent|ly; when they occur together, they act

mul tiplicatively" (1ARC, 1977).

"There was sufficient evidence for carcinogenicity to ani nals.
Al'l types of conmercial asbestos fibre that have been tested
are carcinogenic to mce, rats, hamsters, and rabbits,
produci ng nesot hel i onas and | ung carci nomas after inhalation
exposure and after administration intrapleurally,
intratracheally, or intraperitoneally" (lIARC, 1977).

"There was inadequate evidence for activity in short-term
tests. Asbestos was not nutagenic in Sal nonella typhinmurium
or Escherichia coli (Chanberlain & Tarny, 1977). 1t has been
clainmed to be weakly mugtagenic in Chinese hanster cells
(Huang, 1979), but negative results in rat epithelial cells
were published recently (Reiss et al., 1980). It has been
reported that ashbestos produces chronbsonal anonalies in
mammal i an cells in culture (Sincock & Seabright, 1975; Huang et
al ., 1978), but this may be secondary to toxic damage. No
increase in chronosonal anomalies was seen in cultured human

cells treated with asbestos (Sincock et al., 1982). Sister
chromati d exchanges were not increased in treated Chinese
hanster cells (Price-Jones et al., 1980). No data on hunmans

were avail able.™
2. CEC

In 1977, a group of experts evaluated, for the Conm ssion of

Eur opean Communities, the public health risks of exposure to
asbestos (CEC, 1977). The main conclusions of the report may be
summari zed as foll ows:

- bronchi al carci nonmas occur in ashestos-exposed workers,
nore or |ess independent of the type of asbestos; snoking
increases the risk considerably;

- | arynx carci noma may be associated with past asbestos
exposure; evidence of a causal relationship is not proven

- gastrointestinal carcinomas have a slightly higher
i nci dence in occupationally exposed workers, also in those
with severe but short periods of exposure; the geographical
distribution in the general population is not consistent
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with that of para-occupational and nei ghbourhood exposure
to asbest os;

- the incidence of mesothelioma is probably related to the
type of asbestos; an effect of snoking is not evident;
there exist indications that internittent even short-term
exposure nmay suffice to induce a nesothelioma after a | ong
| at ent peri od;

- the preval ence of mesothelioma shows a typical geographica
distribution: increased in regions with shipyards, heavy
i ndustry, asbestos industry, and sone asbestos mni nes
(especially crocidolite);

- occurrence of nesothelioma is nuch nore specific (although
not absolute) for previous asbestos exposure than
occurrence of the other malignant tunours nentioned above;

- there is general agreenment that the risk of nmesothelioma is
fibre related in the order crocidolite > anosite >
chrysotile > anthophyllite, but the magnitude of the
difference inrisk is not well established;

- there exists a qualitative dose-response rel ationship,
insofar that, in the occupational setting, the risk
decreases with decreasing exposure;

- the intensity and/or duration of asbestos exposure
necessary to induce a nalignant tunour probably is the
| owest/small est in the case of nesotheliong;

- at present, there is no established evidence of genera
"true" environnental exposures of the public causing an
i ncreased incidence of asbestos-related tunours by
i nhal ati on or ingestion, but such a risk cannot be
concl usi vel y excluded on present evidence;

- there is no theoretical evidence for an exposure threshold
bel ow whi ch cancers will not occur;

- there is no consensus yet whether only fibres |onger than
5 umcarry a biological risk, whereas the general public is
exposed relatively nuch nore to short fibres (< 5 un); the
rel ati onshi p between short and long fibres varies w dely
with the source of the fibrous dust; and

- it is not known whether sonme groups or nenbers of the
general public have a high susceptibility.

Fromthis, it can be concluded that it is inpossible to cone to
a reliable quantitative assessnent of the risk of malignancies for
the general public: present evidence does not point to there being
a threshold | evel of dust exposure bel ow which tunours will never
occur. It is very likely that there is a practical |evel of
exposure below which it will be inpossible to detect any excess
nortality or norbidity due to asbestos, despite the presence of
this mneral in the tissues, especially the lung. Thus, it is
possible that there is a | evel of exposure (perhaps already
achieved in the general public) where the risk is negligibly small.
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