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Ten chrysofiie bulk ssmples originsting from sls Chinase chrysotlle mines were studied for
smphibole fibres, Five of the mines operats on vlitrmmafle voeks whereas one explolts a dolo-
mito-hoated deposlt. The msbestos Bbre eanlent in lung tisue wae cxamined from seven
decensed workers of the Shenysng asbestos plant using these vaw materials. The bulk samples
were prefroxtod with acid/alksll-digestion, and theresfier, seanning and transmission clectron
microscopy., X-ray microapaiysls, sclectod ares eloctron difficaction and X-ray powder dif-
fractomeiry were Used to {dentify the minersls. Semple prepuration of lung tlasuc involved
drying end low-tcmpersture ashing.

All of the bulk samples contsined mmphibole fbvos as en impurity. The amphibele ssbestas
contents wers betwean 0.002 and 0.318 w-%. Tremolite fbres wove detacted in every sumplo
but anthephyliits fibres wove prasent anly {a the ssmple originating fram the dofomlte-hosted
depaslt. In compsrison, enthophyliite (71%:), tremolite (9%) and cheyaotile (10%) were tho
mialn fibre typod In the lnng tizsue samples Indicating fester pulmonery clearance of chrysotile
fibres, The totsl kevels ranged from 2.4 to 148.3 miliion fibres {over 1 g im fength) per gram
of dry tissus, end they were consistent with heavy occupationsl exposure to ashestos. © 2008
British Occupstiona] Tygleno Soclety. Published by Elsavier Sclence L4d, All vights reserved.
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INFRODUCTION

Tremolite fibres are comwnon, nalwal impurities of
chrysotile ore and various mineral products. Despite
low concentrations, inhafed amphibole fibres tend to
accurnulaté in the hung tissue and may contrdbuts gig-
nificantly to the mesothcliomn nsk of chrysotile
miners and millers (Cass, 1991; McDonald ef al.,
1997). ‘This hypothesis may not extend to other health
hazards of chrysolile exposure (Stayner f af., 1996),

China is the woldd's thizd largest producer of
asbestos following Rugsia and Cansda (Kendafl,
1998). Chins hss xecorded a wotel of 467 asbesws
jocaticns, the vast majority (95%) of which contain
chrysotile asbestos (Lu, 1998). Rleven of the 14 major
commercial deposits are hoated in scrpontinised ulta-
mafic rocks, while three of them are dolamite-hosted
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and located in the noxth and nomtheast provinees of
Linoning and Hebei. The Iatter types oceur as groups
of tsbular and Jenticular oze bodies lying along the
bedding plane of host rock and age far smaller in size
then the ultramafic deposits. In castern Ching the
dolomite-hosted mincs have been more sccessible and
thus exploited for thousands of years. The oldest arti-
fact of asbestos cloth datey back to 1001-947 BC.
The vlwamafic chrysotile deposits are located i west-
ern Ching snd they contribute 56% of the country’s
total resources and the bulk of the totsl production.
In 1995 the Chinese production chrysotile from 140
guarries exceeded 440 000 tony per year, of which
about 300 000-350 000 tons were consumed dom-
estically (L3, 1986; Huang, 1986; Lu, 1998).

In many asbestos mines and manufecturing plants,
air contamination exceeds the national standard of 2
mg/n® in terms of total dust, with the worst levels
in smaller enterprises (Cui, 1999). A nationsl survey
recospded 4289 cases of asbestosis in China during
19461986 (Anon, 1992). In 16 large ashestos plants,
10.6% of the workers hed some fomm of asbestosis
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(Report on Compensating Asbestos Product Workess.
Ching Nowmetallic Company, unpublished dats,
1990). Several studles have reported doss-response
velationships between asbestos exposurs and asbes-
tosls (Huang, 1993; Wang and L, 1985). Lung can-
et and mesothelioma ave knowi to occur excessively
among Chingse chrysotile waorkers (Zhu and Wang,
1993: Zou =¢ al., 1990; Chen and Kong, 1992; Pang
etal, 1997} -

For this shudy cheysotile samples cumently used at
the Shenyang Asbegtos Material FPlant wore exsmined
in ceder to determaine the types of minerals present in
raw asbestos originating from six Chineso mines,
Algo lung tssue sumples of scveral warkers from this
asbestos material plant were analyzed. The fevel and
typo of asbestos flbres’ were dotormined by electron
silcroscopy. The maortality of the plant workers had
been studied carlier. Signlficently elevated risks were
observed for hung cancst (SMR=2.13) and poeumo-
coniosis (SMR=16.9) smong 528 male workers fol-
Jowed for & pesiod of 25 yr. Thore was also a positive
gradient in the mortality rate for lung cancer accord-
ing to the cumulstive levels of dust exposwe
(Takahashd e al., 1597, 19498),

MATERIALS AND METHODS

Bulk samples

Ton ssbeatos samples fom the Shenyang Asbestos
Material Plant were availsble for electron micro-
scopic and X-ray diffmction andlyses. These raw
materials originated from the following six mines:
Shiman mine of Sichuan province (Samples 1-3),
Xinkeng mine of Sichuan province (Sample 4), Mon-
xyunnnconmghm pfovmce(Samplca 5 and 6),
Qiliag mine of Qinghal provincs (Samples 7 sud 8),
Tuolin mine of Xinjiang province (Sampls 9) and
Jinzhou mine of Lisoning province (Sample {0). All
of these mines are located fn westom Ching and they
exploit yltramafic rocks except the last sampling slte
(10), which situaics in north-castern China and
belongs to the sroall dolomite-hiosted type of asbes-
tos deposits. '

The samplics were prepared for scanning clectron
microscope (SEM) viewing by mixing about 2-3 g of
the material with distilled wancr and filtering a fow
drops of the suspension trough a Nudepore polycax-
bonate mehrane filier (diamerer 37 mm, pare size
0.2 pum). Each piece of the filter was ceated with gold
in @ Bel-Tec SCD 0035 Sputter Coater for 100 8. Rou-
tina SEM viewing was carricd out with a JEOL ISM0
6400 clectron microscope combined with an energy
dispersive X-ray microapalyzer (Tracor Northem TN
5500). The particles and fibres were identified by their
relative eclemental peak intensities in comparison to
the sespective minexal standards. The collection time
of aus spoctum was 20 8 and the identification was
based on the silicon, magnesium, eluminurm, iron and
calcium peaks.

For fizther analyses, the samples were treated with
an acid/alkeli -digestion method (Addison and Dav-
ieaz, $990) in order o dissolve chrysotile. This was
necessary for the detection of any amphibole asbestos
in the products. The acid treatment dissolves magnes-
fum from chrysotile and strong alkali was then wsed
to remove the semaining silica. Aophiboles are
known to be more resistant chemically. The samples
were pre-hested (600°C) befare the wreatment with
acid (2 W H,50,) eand alkali (4 N NaOH). The
remaining issoluble matexial was then prepared far
the SBEM vicwing as described above.

The quantity of amphibole asbcstos fibres in the
residiual materisl was deterrnined in the following
way. Approximately 0.5 mg of the dissolution
residual was weighed, mixed with distitled water and
filered om & polycarbonate membrane filter. The fil-
ters were costed with gold and viewed with the JEOL
JSM 6400 =t a magnificetion of 3000x, Each amphi-
bole fibre was Identified with the encrgy dispersive
X-ray microanalyzer and fibre fengths and diammeters
were neasuied, Only perfect fibres with paralicl sides
that weze at lesst S Jim in length, less than 3 jum in
diameter and with & tengiivdiameter ratio mote than
3:1 were counled. At lesst 200 Helds or 100 fibers
weze counted, on first to come hasgls. The weight per-
centoge of the fibres was calculated as follows:

Welghtd6 =

Vohays of fibues Quan’XDanslty (g/om®PeAsce of fluation (mm?)
Nuantber of fisldsField area (pmiPpcAmount of sample {mghe 10

The detection limit of the method is below 0.01 w-
% (Hartikainen, and Tossavainen, 1997).

The minezaly wesent in the reomining material
{(after acid/alkali-treatment) were also identified by X-
ray powder diffractometry (Philips X'TERT System)
equipped with a Cu Xy tubc. The powder samples
were analyzed at 8 power of 50 KV and 20 mA with
& scanning speed of 1%/min for the diffraction angle
froan § 10 70 as well as in & sicp scanning mode for
the more accurate detection of amphibole phascs and
other minerals (Kohyama ef af, 1936). To identify
the minor mineral phases, a computer was employed
for matching the Xzay diffeaction (XRD) peaks with
the mineral powder diffraction file (JCPDS, 1989). X
ray difftaction docs not differentiate fitvous and nop-
fibvous forms.

In additicn enphibole asbestos fibres were ident-
ified by transmission clecizon microscopy (TEM) and
selected area clectron diffraction (SAED) JEOL ¥EM
1220). Also the diffexentiation between antigorite and
chrysotife was confirmed with TEM observation and
SAED patterns (Middleton, 1982).

The presence of amphibole fihres was also verified
with a dispezsion siaining method which is based on
the differences hetween the vefractive indices of a
particle and the immersion liquid (Anoq, 1989). A
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polarization microscope (Leitz Laborhux 12 POL 8)
equipped with 8 phase contrast systern was used for
thiz purpase.

Lumg tisswe samples

Froem seven decessed workess of the Shenyang
Asbogtos Material Plant, several grams of formalin-
fised hog tigsue was available For electron micro-
scopic analysca and minoml fibre counting. Ons
worker of the scven was female. The workers were
aged fioem 51 to 72 yr (mean 60 yr) of ege at the time
of autopsy. The workers had been employed at the
plant within the yearg 1950-1985 with ¢ range of 6—
31 waorking years (mean 21 yz). Three were smokers,
All of them wezo disgnosed with asbegtosis (Chinese
wade ). These workers worked dnly in Sheayang
asbestos material plans, except for 866, who had also
worked in snother asbestos plant in the samne city for
6 yr. There was no svidence that anyone had an
exposure histary of anthophyllite asbestos

Interview dats and company records were compiled
to egtablish = lifetime job history for each subject.
Environmental monitoring data were available for
these workplaces in torms of gravimetric units.
Cunulative exposure index (CEI) is defined as the
product of exposure diuzation (yr), exposure Jevel
{mg/), the propostion of working hours with asbes-
tos exposurs and asbesioa percentage in the product,
sumined over each job (or job site) of the worker.

‘The prepamation of lung tissue samples involved
drying, low-tempermture ashing, dispersion in OS5 N
hydrochloric scid and flitration on 2 Nuclepore poly-
carbonate filter with & pore size of 0.2 yim (diameter
25 pun). A scetor of the sample was costed with gold
in o sputtcring device (Baleess Unlon SCDOO4). A
blank was prepared and analyzcd 8s & mesns of con-
tamination control. In addition, formalin fixative was
examined to exclude contamination (Toasavainen er
“I-. zm)'

Minaral fibres were counted on the scrcen with ¢
JEOL 100 CX-ASID 4D clectron microscope in the
SEM mode at an acceleration voltage of 40 kV. Al
inorganic particles having a length to width ratlo ar
feast 3:0 and pamilel skice were defined as perfect
fibres and scounted (Flactikainen and Tosssveinen,
1997). Cleavage fragments woxe not included. At =
megnification of 5000, 1329 fibres were counted or
a minimums of 400 viewing fclds were analyzed in
order 1o reach ap anslytical sensitivity of 0.1 million
fibrea/g. ALl inorganic fihres longer tham § pir were
recordod. AR energy dispetsive Xorsy microanalyzer
(Nomn Instruments S50ZN) was used (o determing
the fibre type by comparing pesk mtios (Mg, Si, Ca,
Fe) to standard spectra. The presence of anthophyllite
asbestos was confiamed with X-ray spectra and SARD
pattern with analytical TEM. The spectum of the
anthophyllite fibres was similar to the UICC standard.
These measures wefe necesgary in order to dis-
tinguish fibrous tle from anghophyllite. The concen-

tratlons of anthophyllite, tremolite and chrysatile
fibrea per gram dry tissue are reported in the results.
The category of cluysotile includes some fibres,
which wexe too fine to be identificd for certsin. Some
of them might be other lnmganic fitres and =z0 the
subclass ‘chrysoiile fibres® should be ibterpreted a8
the maximum concenfration of chxysotile in the
samples. ‘Total silicatc fibrey® sums up all the counted
fibres (also including some AlSi fibees).

RESULTS

Bulk samples

All of tho chrysotile samples contained amphibole
fibres as an impurity, Tremolitc was ‘identificd from.
every deposit, it anthophyllite was found only in

-golomite-hosted chsysotile (Sample 10, Jinzhou,

Linoning). Tn addition to chrysotile, the samples con-
tainad smell amounts of other minerals. These min-
exals included talc, antigorite, quartz, albite and iron
oxide (maguctite, hacmatile). Cluysotile, remolite,
iron oxide and talc were identified with the routine
SPM viewing without chemical treatment of the sam-
ple. The qualitative results of the bulk samples are
summnarzed in Teble 1.

The tremolite contents of the samples were 0.002—
0.310 w-% whegeas the enthophyitite content (except
Sanple 10) was below 0.01 w-% (Table 2). On an
average 84% of the bulk chrysotile samples (range
78-95%) was leached in the acid/alkali digestion
(Fig. 1).

Anthophyllite was the predomingns fibrous amphi-
bole in Semple 10 (0.040 w-% anthophyllite, 0.008
w-% tremiolitc). Between the samples, thexe was over

100-fold diffcrence in the amphibole content in

weight and about 60-fold differcence in fibre number.
in tofal 400 mamolile fibres (over $ jum in Jength)
were counted and measurcd, The mean Iength was 8.8
pm and the mean diamcter 0,76 pm The number of
counted and mecasured anthophyllite fibres (over 5
) was I8 and theiz mean length was 14.9 pm and
diamcter 0.98 pm (Fig. 2).

Lung lixsue samples

Anthophyllite and tremolite fibres were the main
filre types in the hung tissue samples. Anthophyllite
fitres were detected in every sample and the Ievels
were from 0.2 to 105 mitlion Glwes per gram of dry
tissue (Tablcs 3 and 4). The fibve concentrations (over
1 fm in length) were from 0.5 to 11.7 million £g for
wemolite and 1.6 to 15.6 million g for chrysetile.
Although the Gbre levels are very bigh, there was vo
cbvious correlation betwoon miineral fibre concen-
trations and exposure doscs, age or smoking habit in
thig series of exposed workers. On average, 71% of
all mineral fibres wore anthophyllite, 9% wese tremo~
Jite and 10% chrysotile, The most significant result
of the hung tissue analyscs was the presence of antbo-

“_—_._—“_
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Tshle 1. Qualitative reculie from bolk samples

Sample no.  Mine (U/O), proviies (type of depositian) Findings (snd analyses)™
1. Shimian (U), Sichuan (ulttemafic rocks) Chsyu;l)l’c ), tmmarts(z), antigorite(2,3,9,5), t8lc(1,2), |
2 Shimlan (U, Sichuan (pivamafic rocks) Cluyug)!e o, mag,)omc (2}, antigorite(2,3,4,5), fron
3. Shimian ?J), Sichuan (ulramsfic 1ocks) Chrysaeila (D), A mhsnnm 2.3,4,5), quasiz (3
4. 0), Sichuan (ultramafic rocks) Chuysotile (1), tremolite (4,2)
s, Mﬂnwd (0), Qinghai {(uitcamafic rocks) (%uymnlc (1.3), antigotits (2,4,5), inan oxide (2), sl
&. Mongyei (O, Qinghal (ultramafic rocks) Cﬁrymg;. (1}, temolite (1,2,3), antigerite (2,3.4,3),
7, Qilian (0), Qinghai (ultremafic rocks) Clwysatile (1), tromelite (2), iron oxide (1), antigorits
] (2.3,4,3), quartz (3), mageetite (3) |
8. Qilian {O), Qinghsi (Uramafic rocks) Chryundile (1, n_omolm: (2), antigotit= (2,3.4,9), iroa
. : ) hasmatite (3), quarez (3)
9, Twolin (U}, Xinjlang (ultrarmfic tocke) Cluysatile (1), amigerite (2,3,4,5), tremolite {2,3), iron
oxids (2), tale (2nickel (3),quanz (3)
10, Finzhoun (U}, Lironing (dolomite-hostod) ife (13, anthophyliitc (2), tremolito{$,2), iran.

ids (2, talc (2,3), dolomite {2), quariz {3), antigorise
% p ALt o v
Bans)

'[Jsundarm\md mine; O-open casting mine
*Analyses: 1. SBM
vosidual after A/A troatment; 4. TEM=irany

electon mmmwpc, 2, A/A-aud/nlkah westimony 3. XRD=X.ray diffiactometry of the
el

ape; 5. SAREDsuclected arsa dcchon diffraction,

‘Fabls 2. Tremolilo med anthophyllits fibkte 3 [} content of the tulk samples

Tremolite fhre l::nam {gum) Tremolits fibro duuneu:l (pm}
Bampis neo. Tremolits “Tromolite Rangs Rangs
cantant ve-% fibresfjig
i- 4.270 180 3-21 73 03.2 0.7
2. 0.110 28 3-18.35 9.8 03-2 0L.85
3. 0.310 185 329 19 0.3-2 0.73
4. 0.060 3R 341 94 0.5-1.5 873
3. 8034 i3 3-63 110 03-2.3 8.73
§. 0.220 39 3-48 99 9.5-2.% 850
7. 0.007 4 -7 7.0 0.8-1.3 §.03
8. 0.002 3 565 $8 0.53-0.8 0.60
9. 64090 44 3-73 103 03 2 0.83
16, ¢.006 5-22 o4 0.3-1.3 0.67
Am}wphyllde Anmophyimo Anthophyliie fibro lwgth )  Anthophyllite fibre diamoter (am)
filvesfjig Rumge Mean
10. 0 040 5-70 14.9 03-2 098

phyilite snd tremolite fibres, sinee the persons had
been exposed enly 1o Chinesc chrysotile. No amosite
ar crocidolite fibtes were detected. The mican values
for filwe length/diameter were 9.97/0.14 gum (M<6) for
chrysotile Sbres, 9.01/0.67 pm (A=121).for anthe-
phyllite and 8.13/0.44 pim (V=17) for tremolite.

DISCUSSION

Most of the fibres found in the lung tissue samples
weres amphibole asbestos fibres, whils the bulk
samples mainly consisted of chrysotile. In thess Chi-
nese chrysotile products the levels of amphibole
impurities were substantial, aithough the differences
between the mines were large. Tremolite was detected
in every bulk sample, while anthophyllite asbestos

occurred only in one of the mines {(Jinzhou,
Lisoning). The geological setting of this mine differs
from the others and evidendy the dolomile-hosted
wines in north and northeast of China arc more likely
to contain anthophyllite asbestos thm the ultramatic
chrysotile deposits. Jinzhou mine is located close to
the material plant, and thercfore its mw matedal has
undoubtedly been extensively used in the past yoars.
The proportions of the used asbestos from each mine
afs not known.

Few studies have examined impuritics of Chioess
chrysotile, except fr qualitative analyses showing
‘litle amount’® of amphibole in the chrysotile product
of Qilian minc (Rong and Peng, 1997). A small
amount of tremolite was detected in the chrysonle
ming of Cheoyang mine, Lisoning province (Li,

M
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Lormin e
2o 30mm

Fig. 1. Typicat appoarance of @ bullk sample ocbhsaved by SEM:
{e) undigesied, (b} scid/atiali-digented.

1986). Wang ¢f al. (1988) analyzed asbestos fibro
types in the Jung specimens of 1S Chinese asbeston
workers exposcd to chrysotile and reported 34 of 35
uncoated fibres 10 be of the amphibole type and onc
chrysotile fibre.

Chrysotile filwes tend to leach out froom the lung
tissue, while the smphibole asbestas fibics are more
xeaistant and romain in the tlasue (Finkelstein and
Dufresne, 1999). Thevefore the exposuxe o Chiness
chrysotilo might have resulted in the high level of
amphitole fibres in the lung tissue. These amphibole
concentzations may have accumulated over a long
period of time through the primary exposure fo
chrysotile baving a low percentage of amphibole
asbeglos as an impurty. Five of the seven samplea
exceeded the limit of 5 million amphibole fibres (>1
jien) pex gram dry tissue which can be agsociated with,
a twofold gsk of hung cancer {Consensus Report,
1997). In both bulk and lung tissue samples, antho-
phyllite fibres were somewhat longer and thicker than
tremolite and clearly coamser then chrysotile fibres.

Barlier studics from Russia and Canada have sug-
gested high pulmonary levels of chrysotile and treomo-
lile fibres among chrysotile mincrs and millers, Tn the
study of Asbest, Russia, both chrysotile and amphi-
pole were detected in the lung tssue samples. In 24

1LENGTH

G- n  Mean Hange
L iTremotlite 400 S8.Bum 576 pm
[ JAnthophyftte 38 14.08pm B-70pm

Y

o
&4 58 ki< a 1 iB-ie 2002 o2 0.

®) wm
DIAMETER

o 6 Mean  BRango
C i Teomofite 400 0.76 pm 0.3-2.5% pm
7o 7] Anthophyftile 38 O.88pm 0.3-2.0pm

%

. l l

15

o] .l -ﬂ

0.4 060R 2.0.1.4 1540 2024 25
um

Fig. 2. Siza distibutions of cumwlite and entbophyllits fibres
in Chinnss chrysotilc samples.

Russian chxysotile miners, millers and product manu-
facturcry, the pulmonary concentrations of retained
fibres (over I pm in length) weee 0.8-50.6 miltion
g for chryaotile and <0.1-1.9 million Fg for amphi-
beles (emolite and anthophyllite). The concen-
tations were [ower in 23 persons without any known
occupational contact with asbestos; 0.1-14.6 miilien
¥g for chrysotile and <0.1-0.7 millkion ['g for amphi-
boles. On avemge, 90% of all inorparic fibees were
chrysotile and 5%  txemolite/anthophyllite
{Tomavainen ¢f af., 2000).

In the Thetford area of Quebee, the mean concen-
wation of wermelits in 22 male mesothclioma paticnts
excaeded the clrysolile concentration (3105 vs 12.9
million fibres of all lengihs per gram dry tissue)
whegeas in Asbestos, Canada, the comresponding lev-
cls were almost equal (3.40 vs 3.54 million ¥g)
(Green ef al., 1997). The tremolite content of the Can-
adian chrysotile oze is less than 1%. It scems likely
that even a small quantity of amphibole fibres in
chrysotile asbestos ore constiites sn  fmportant
source of exposure (Dufreane et al., 1995, 1996; Cage
et al., 1997).

The use of commercisl amphiboles (amosise,
crocidolite) has also been related to tissue lovels in
Canada (Takshashi e of.,, 1994). No amosite or wxo-

N
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Table 3. Eﬁaﬁbﬁagnqﬁﬂ&m&agaa?mi@gng%urﬁg

Sanple Sex Age (0}  Smoking  Disgnosis of Canse of death®  Yeass of _ Decupstionfrork ghe (1) Concentrafion  Cumulative
oo, YN ssbestosis (y7) {ICD-9) employment of picbome dost cxposare index
(mg/m®) (CED
{yrang/e’)

s M ) Y 1978 162 74 Wenving asbesios belt (1954-3¢) 26 26
Miniog ssbeswos (1937-66) 208

522 F 31 N 1978 162 1] Weaving asbestos bels (1956-61) 15.6 4
Spioning ashestos thresd (1966-75) 2458

S26 M 52 N 1979 162 & Hot shaping of brake (1959-60) 4.0 39
Loachng and unloadisg (1961-65) 200

554 M 56 Y 1985 4190 29 Wind selection of asbestes (1956-63) 455 449
Weaving ashestos cloth {1964-75) 00
Weaving ushesios belt {1975-45) 20

866 M 74 N 1986 162 24 Mixing aabestos powder {1950-5¢) 240 203
Maldng asbestos rubber plates (1957-58) 130
Repriting machine (1938-74) 20

SH8 M 3 Y 1987 434 29 Grinding ssbestos brake (1950-79) $4.3 729

§73 M 54 N 1978 1] 3l Bot shaping of brake (1955-57) 84.0 2
Weaving asbesios rope (1958-7T) 24
Stoeshouse worker (1978-86) 29

sCause of death: lung cancer {162); cercbrovaseular diseases (434); ischemic beant diseases (410); chronie obstructive huog disease (431),

Tt 1® TROBATTFOY, 'V
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Table 4. Minctal fibre concentrations In the Jung Ussuc of ashostas woskers in Shenyang agbestos matarial plant, China

Coucentiation, millicn Atres (ever { pm in la\g!h]/g dey tigsue

Sample no Anthophyilito Tremolits Chrysotile Total silicate
8§23 | : 22.3 59 14 359
$22 1004 36 5.6 1228
S8 103.4 17 15.6 1483
934 T4 20 <{.5 122
S66 13 28 1.6 7.3
568 s3 [ %] 3.7 112
873 gz 5 <02 24

cidolite fibres were detected in any of the samples
ncither from the Russian chrysotile mining ares
(Tossavainen ef af., 2000} nor in this study from
China. This could be expected sinco the geological
processes involved in the serpentinization are such
that they are unlikely to coeaist geologically with
chrysotile (Addison, 1999).

In 3§ cluysotile samples from vadous sources, the
mean tremolite content was 0.09% with a range fom
01 to 0.6% in 28 samples where tremolile was
detected (Addison and Davics, 1990). Ambophyllite
fibres have been detecied by XRD and TEM also in
Zimbabwean chrysotilo (Kohyama ef af., 1996).

The EU Regulationg will prohibit the importation,
use and sale of new und second-tend products con-
teining chrysotile asbestos by the year 2005
{Corumiasion Directive 1999/77/EC). There has been
& conceen about the health risks associsbed with
senphibale contmninstion in clhrysotile products and
matexials (Howie, 1999; Addison, 1999). Considering
the proposed limit of 0.05% tremolite ashestos in
chrysotile (Howie, 1999), the data obtalned here (up
1o 0.31%) suggest that amphibale filrea are signifl.
cant Impurities in some grades of Chinese chrysotile,
4 fact that has been poorly documented unt) now.
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