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There is some evidence suggesting that the mechanism of pulmonary toxicity of natural

fibrous silicate, asbestos, is related to the generation of oxygen-based free radical.
Especially the hydroxyl radical(- OH) is believed to be the most reactive one, :OH is a
potent toxic oxidant, -OH is which means highly cytotoxic, genotoxic and carcinogenic.
Nevertherless there has been no previous report about - OH generation from man-made

mineral fibers except asbestos.

In this paper we tested the hypothesis that both cytotoxicity of alveolar macrophage
and lipid peroxidation of erythrocytes are associated with - O production by mineral

fibers in vitro.
The results were as follows:

1. - OH production in vitro was progressively increased by the concentration dependent
pattern with the same mineral fiber. The preduction of - OH in vitro by man-made
mineral f{iber was markedly decreased compared with that of natural mineral fiber

except rock wool.
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2. Lipid peroxidation of mineral fiber-exposed erythrocyte suspension was significantly
increased compared with that of phosphate-buffered saline(PBS) control group. Lipid
peroxidation in amosite and chrysotile group was larger than that of other mineral
fibers,

3. There was a ‘significantly' positive correlation between - OH preduction in vitro and

‘lipid peroxidation of mineral fiber-exposed erythrocyte. :

4, All of mineral fibers were related to the cytotoxicity of alveolar macrophage in con-
centration-dependent fashion. Chrysotile and amosite were more cytotoxic than croci-
dolite. Among man-made mineral fibers, ceramic fiber was the most cytotoxic to
alveolar macrophage. The viability of alveolar macrophage exposed to asbestos was
markedly decreased compared with that of man-made mineral {iber at the same con-
centration.

5. There was the significant negative correlation between the production of - OH. and.
the viability of alveolar macrophages.

From these results, we can conclude that the production.of : OH in vitre was strongly
correlated with the cytotoxicity of alveolar macrophage and the lipid peroxidation in min-
eral fiber-exposed erythrocyte. - And we documented ‘that man-made mineral fiber could

~ generate - OH in vitro less than asbestos,
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A@e QAR EAshs 324 A4 (fibrous
mineral) 24 A-§4 ﬂ‘{_}‘éﬂfﬁ (fibrous sili-
cate) Fold T4, WY, Moz sty
AzAqY 43 394 229 Ane J2AA o
Fo g2 ARREUTH(HZoN 1995). 2y M
@ At WEHANA aEgel P
HAT o8 a7 o} AHEFe AP /AT
MEEgen, 19724 ol FRE I o8] A =
7kt 1oH(Rom, 1992). AZEAMHES ulyy u)
A3 144 (amorphous silicate) & o)k vn]2)
1]z} 311 o] YRR e o= ol diF
AZANE o1F SHs] FPEHA e et
(Rom, 1992). #HZol A Azx4df ¥ ohist
HAME Flo) wWE BHET, & TSN A
7218 YoglE JWE olFE] Aed &7 =y
Eo] AAlgn gevl B3 Al Az aAe 2
3 gEube, wNEd, AsEs, Abferle] B

(]

1989). =2 Zels} Tale} R A A
(Chang %, 1988 : Rom¥, 1991), #& uleiA
9} W1+ (Lipppman, 1994), Z3ixn #3<¢ #W
A3 (Shig, 1988 ; Weitzman 5, 1984)3 #-8

A AR 3EAHA A F(Vallya-than &,

1999 = S42de] a3 Az AWHR ok

AP o848 o8 dF(Bitterman¥, 1986)l

o5k, Ado] HAulel] FASE ol & ST
AE7F g48 Edd o8l APEE e wkgo) wkE
o] dojuin] oyl uhg-e df-3t W 2 B4
o WSS & dovjE ¥NYSFF ZYsich of
gha] alel 23k AapAA Mzl es B3 9
& AT Y3 ARA40] U Hem Ay
2 ded), T olE FEA MR B4 2% A
Eae] AkAv] (oxygen radical) ol HAFAA &
&§& fthks 9FE (KampS, 1992 5 Vallyathan
%, 1992 : Schapira®, 1994)¢} Heo] WE=H
ek, AdaF F4tel &7 (hydroxyl radical, ©18}
-OHZ g7t slEete] chEast Apgatd ot
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FAIAH MEE

modification T+ strand breakage®
A5z} wehyd HEE fdste

,\lﬁ}(Hthwe}], 1986).

FEA Aeol &% c0OH AAFe dfdea
Aztel TGRS} spEFHQl P uel gt
Avy FEA MH BHY silanol group™ A¥E
o} 9l ferric ion°] Fenton¥t-gel oz ahgs}
o - OHAAC $8% 98-S sittn YxojAn
slenl Weitzman® Gracetta2 1984 2@ o]
TR AR RE - OHS S E s glen, 4
Fipdelvt M sAde] Z-ULE - OH Aitel &
7hslo] glitia whelwl ok

A2 Mo QAEIR AR e d2dF
o] sEAdolt Wl EE ofF 43 WA A
grovt o AMES HaF Fvlsla qlo] ol feElAd

¥ 9@ Axel moo] Fo¥ ez AZEYr)
ZAdo] 733 EAAdSE AEIYA - OH B35
o} Zrlso] SR, AFZHFY - OH BH5E
dolBoZA Az He HAEN AxE FHE «
Q&R Az

ulftd] ARAEL AU el dxHHFE
EFT BB YFE9 49U WM hydroxyl
radical AAE& dohizn, VM) i AE
5435 Axee] #Hads e} vjpgoza My
2 QA fe 54 1A vasiRaat sl

stelsts MFEW DNAS base
Frrated
Aoz oeizl

A sHA 719l Ete] AW (Sedimentation
method) 258 EHste] AbRstaict. A7hgwe
wide-mouth bottleo] MR} FHPE P3 24
H Bt 229t A2l (sonication) kit 24A|2F ¥k
StATrt A3 E wet AHE Felsled 44X 50
ol gds] BUIE FUAIR B HdRE HolA
A8t ot

MEMF 29T AHFE FF87] A8t pore
size7t 0. 8m cellulose ester membrane filter
& vaccum filter systemell QAste {3 =
2 A% A4S 499 1mlEg A7 F
95% ethanol2 AFH3¥ T}y, membrane filter®
Az2A1Z F shide glass Yol acetone vapor® 1
FalAch MAdH+ Walton-Beckett graticule
ol AhlE fdatdvide s 400u) wl&elA] o0
A FEste] e s Esin g
Lol o] 2 7801'5515} HEdfrel wed dfiee
Table 1oA HEeukeh o] crocidolite 60,015, 8
f/ug, amosite 85,603.9 f/ug 22831 chrysotiled
86,999.6 f/ugelct. A Hole} 7|8} 7]
SHEFNAE crocidolite 12.1+1.7um, amosite
12.14:1.9m, chrysotile 23. 141, 8m ©]R1c},

2) Q=M
Q1324 H+ Japan Industrial Safety & Health
Association (JISHA)ellA] E&E3F 2 A& )48k
Araatgch Ade] ALRE ¢

1= )x\j'ﬂ"\.".‘ glass fiber,

Az 3y rock wool, ceramic fiberollen] 1zdH pg%
o L 2 a3 AR IR=
L e ge A%t ol AR A AAlsl B wyos
234}, dzte] a4l MR glass fiber
1) Ment Os%
= o o =
RE MRe HAMEEREEEGelY el Table 2, Size distribution of mineral fibers
Al82E sl AFRSIGTE AME MRie] ZHolE unit @ #m
Type of .
sngt ber R :
Table 1, Number of fiber of mineral fiber mineral {iber length of fibex ange
Type of mineral fiber Number of fiber/ig Crocidolite 12.1+£1.7 5-31
Crocidolite 60.015.8 Amosxte. 12.1+1.9 5-40
. Chrysotile 23.1x+1.8 5-33
- Amosite 85,603, 9 N
. Rock wool 20.5%1.6 5-50
Chrysotile 86,999.6 e
Ceramic fiber 21.1%£1.7 6-58
Rack Wool %093.6 Glass fiber 13.7£1.7 7-23
Ceramic fiber 9,770.0 S
Glass wool 23,186.1 Geometric mean-tGeometric standard deviation
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7} wgd 23,186. 170, rock wool 2,093.6 f/ug,
ceramic fibere 9,770.0 f/pg 1%tk 28lx Hol
o} 78 W +rstEFEHAE 22t glass fiber
13.6+1.7#m, rock wool 20.5+1.6¢m, I8j3
ceramic fibere 21. 1% 1 7Temeolaich

2. AlEzhHolA

Cf8) AE3o] deoxyribose 1.0mM, hydrogen
peroxide 1.0mM, ascorbate 1.OmM, 28lm
=dz Zud 32 A4S 93 37T CA 3011:3{}
wj)ekgkE 1,200 gA 10—\1:»?} [ e sl FEA
Aol % 10, 50, 100, 500 #gge s E.‘—ﬁ]*e‘s]—ii
t} fdEe F 459 ImlE FRA AF
1.0% thiobabituric acid(TBA, Sigma, USA)
1mlst 2.8% trichloroacetic acid(TCA, Sigma,
USA) 1mlE ¥3 4ol 100°CellA] 10837t vhg-A]
Z1F Q320 o] YzFAIZ{Y:. spectrophotome-
ter® 532 nm¥ HFolM FA=E FPsADL. &
AP ez A8E 57 Evlsie ST

- OH ddz

3. HETol ofgt Zakis} o2 dddE

2% A8 2ml9 succinylated ferricytochrome
C 80 M & 2z SOD7F AY sls de) =
AehA 37T°C, 60% wiokdE fgidFelste] 550

4 O Crocigeite
1] ameste

1.2 *A— Chryzclile
—~ o {7 Rexk woot
43 i <> Ceramic fiber
g 5 {F ctsswoal P
&
=
.’9‘ 6 -
-
)
x

4
0.0 £ H Rz

o 500
Conc. of mineral fiber{pug/mi)
Fig, 1, Hydroxyl radical production in vitro
according to type and concentration of
mineral fiber

nmellX 4Ede) FAEE sl SODR- el
M3 F3xe ZelE extinction coefficient(21.0
X10M'em ) 2 o] 23idslel 2ol AtEkS &
A8t nM superoxide/hr). A B Sl &3
3t S5t

4, BEM MFol ZR2E My lipid peroxi-
dation

2% HAEF 2milel FEY 4H/7F mlE 1mgel
SEF Wi 124308 ik ¥+ TBA, TCA 1
2l 0.01% butylated hydroxytoluened 23
2085 7IEskdrl 2000 g= YAET £ 4

Z9] malondialdehyde® %% 532 nm3tga]A
o FExE FAsY. BE AEE 5 SuiE
ek s

5. BB MRl offt HEAMES] HESA

i?léﬂ {(Spraque-Dawley) 2] HEZgAAZTE ¥
3t o7 F5(10, 50, 100, 500 pg/ mbe g+
Y BRoE ASstn 24412 ulkFE vt (cul-
Eolsle 33&‘3}]}—‘]"315—1 RAEES
trypan blue exclusion A2 FFsIch AX
5 40070744 A% Zolsle AMlXe] WESE MX
49 A ARE2 bR

6. SAEH 48

ture plate) <l

BB Afe] Aolol] B Atme VST IE
EFHAR FASIER 299 BE Riges Hdt
FHAR JElRY. gz 7t FEAE/ENE

zte] Aol Student s t-test® FHIAR BEA

ARERT Alole] Aol ANOVAS} Scheffe's
multiple comparison test& ol-&3lo} Estsict,

’F«’4—1~

8 =
1. Az oM 2ed 79 - OH dds
PPN RAE Aol e Ah) TR
¥xo w2 - OHMAdF2 g, 17} &t B8

Aol FH 2L AT FEY 479 s=0F F
NAEFE Ag@Iolxe) - OH Aitel Frbstah
Aol vl & B¢ - OH AatEel amosite)
crocidoliteychrysotile®] &eolort Feld Apo]
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= opiglct Aol v 2E W Anxce ¢
ZA ol AdEihge] - OH Aateko] Zpax]e] g}
2k v rock woole 4lf amosite®} croci-

doliteddthe - OHAAFEFo] ZHAaEe] lley
chrysotileZhe o} 7b gloict,
2. HEof o8t B0 MASH TEA
M50l ofst MaTate] XA DA

AeMel - OHx AExehs A dzbsiaAg A
Fubs dshs Pl EARIete JYTE ol &3he
FEA sl o8 #gE - OHAl oF A}t
) AEE PursEnt A8 RaEEgle Aprhibet
of olsta] Zapatzle) e} FdsleATE AAHER
FEA ik w2sle] - OHOl 9% AF kst
7} defur "k o]dNbg-S Ky FHE gl
Zapatslo] & AMA3FE cytochrome with SOD
inhibitable reduction el &t LeopZ u}
2% AYF 1mlF AL 2.2 Mo 23435tol.&
o] AgEln SIAct

2] Al eld AgTeiaid apitsle] Bx
+ malondialdehyde®] HE& &Ast] A3ty
o} (Table 3). BE A Afrellr itk o

L_L—\_.

Malondialdehyds{nM/ml}
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Fig. 2, Correlation between hydroxyl radical pro-
duction by mineral fiber in vitro and
lipid peroxidation in mineral fiber-
exposed erythrocyte suspension.

Zrol sl A Aspdaly) Fobsdy, e B8
3 AFEI vl S o chrysotile® amosite
A frelaA Zsksigc

B3 ARl 9% - OH 44%el 3
Ay pute] AAstast Zolsle fo ‘»‘?} 1 &
FBA7L AQATHr=0.62, p=0.002 Fig. 2).

FEA AR R s w2
ke Fig. 37 2.
FEAA ARedA 4R FE2F FAEEE
N AEFo] astEel, A B8
3559 Aol A A=g A9 %7} 500 #g/ml
duf MEMEEo] crocidoliteT 66.6+6.1%,
amosite v 64.2+%1.3%, 2l chrysotiled&
64.218.9% 2 Atelrt flloy MwFErt 507
100¢g/ml ¥l chrysotile(79.6:+4. 8%, 73.4=%
1.7%)3 amosite (81.4%+1.6%, 76.7+1.6%)¢°
ol%t M EEA0] crocidolite(88.4+2.1%, 80.1+
3.3%) Kot 7o} sdfdet

AZAEEe)

ot Goll e }1‘5:] 2] Foot 22 A% 10, 50,
100ug/miell A= Aoz} fllevt FHuEeEx=l 5004
2 A=8h-S W rock woold 87.3:+0,8%, glass

fiberes 89.4+1.1% °lE Al ¥sle] ceramic
fiber® AT MTASEHL 70.6+4. 3%BE 2aF
o] slel ceramic fiberol] 23t A EEA o] Frixlo]
ATk

Table 3, Lipid peroxidation in mineral fiber-
exposed erythrocyte suspension

Malondialdehyde Scheffe
(nM/m]) Grouping

Control (PBS) 3.39£0.13

Crocidolite 3.99+0.21° A
Amosite 4,09x0.31° B
Chrysotile 4,6640.45" B
Rock Wool 3.85%0.21" A
Ceramic fiber 3,73x0. 30" A
Glass wool 3.52+0.08" A

* 1 P{0.05 compared to PBS control
** @ Multiple comparison test {Means with the
. same letter are not significantly different at
the 0.05 level)
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Alxete] A AHEQ malondialdehyde
7V Z=NRPE AENEFIL Faste feg S9
AADBAE Bgoen adAATE r=-0.52(p=
0.0035) O]fd‘jr(Fig 4)

FEA] Al &

- OH AAE } 2152

EAAR A=E Jﬂﬁﬂ AM Ee] AFE-Fol Hidhe
Fag S AuRAE P,\lﬁ}(r 0.68, p=0.001,
Fig. 5).
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Fig, 8. Alveolar macrophage viability according
to the type and concentration of mineral

fiber
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Fig, 4, Correlation between viability of alveolar
macrophage stimulated with various min-
eral fibers and lipid peroxidation in min-
eral fiber-exposed erythrocyte suspension

is Atolu} ekzie] o
52 A 3tn el 2047
Al ohko 2 ARRETHZ} Mol 9
5,} ”é]zﬁ‘* 2787837 WA dAle o8 A
A2AFER dAEn ded @A 1995 &
AxA-Froll 213 FEFN7T 438 ¥z QA o
Foll= EFetn HaF ARgo] Fvkska ok
AR A2 EFE 25 ARFY 4 (fibrous
silicate) 22 (Rom, 1992) 4t #ol 28 A
Eopd] gl s EA s A7 8% TS She
Ao 2 (Vallyathan 5, 1992 ; Schapira %,
1994) A=z Uk, AeH oz vy Addvle
A AR} Abs Sl ubge] A ALt '
AMEES ol Av]e] FA0 o)
Ae AAE ZEn dvk{(Vallyanthan 5, 1992).
e FdAez kA Bzl Zrele 73
u]-_r,a,r] El-)~ _}g.% oalo;] J;n]_t?:.)éo]} _g]z:s]. Bk
Aol g @ owkgd AAUE RS ?l‘“‘
2] &2 elsled
171

o s i

BaA

i

24
ol& 4

=

L

—10

Y

A0 g 1 ArEEle) A
e} (Vallyathan %5, 1992).

M r.,d HE o
Yo o X
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40 T

0 1
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Fig, 5, Correlation between hydroxyl radical pro-
duction by mineral fiber and viability
alveolar macrophage stimulated with var-
ious mineral {iber.
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e B gae) ARRAl BAe 4harle] AJate]
Zrhe AEe) WolrlAE &4ATIR AFHeR
A xotE Z b2 (Mossman %, 1983; Shatos
%, 1987: Donaldson 5, 1985). 53] o1& w34
242715 - OHe) 71 whgol an ZE AlX%
A (cytotoxic) 3 FH 2 £ {(genotoxic) & e
(Cochrane, 1991; Imlay %, 1988}, T4tE=o
A - OHE AL ferric ion¥® A 3= ¥
AEAA silancl(Si-OH) #3 #AX 0} A& 7%
Aol v} (Schapira %, 1995). TAHER FE=el
B E o] F3 SlE ferric ion(Fe”)& felviat
oy} FAt FAeo] fenton HwjAlz ZEsA sh
n] Az o2 Fenton ¥H2el 218t A (elec-
tron exchange)ol ojste] Il 2RE - OH
£ AAAFI (Kennedy, 1989).

2 FEA da7F A F9E9 AR
it respiratory burstell #|8te] Z3ptse} 2(0,)
=} IEsheA (H0,) 71 AAdE s OF 234dsto]
o] A2 AEE Fe¥ollA Fe3elZ HE
59 of Fe¥'o} whgd HO,= MAE shvt 4283t
A/A gYso] #edze H004 - OHE §3
A #ch(Halliwell® Gutteridge, 1986).

BARGME olghg2 sMdel St AxEs}
i Aol A FEA MHE°] hydroxy radical&
Aiete A2g At WAl E Fe® i
2 9= BAA R Fgshe 2atEe] & (0,) dil
o ascorbate(AH,) & AH&3dte] U7 EA e

H,0,914 hydroxy radical® ABAA71e §H&
Adstd =d (Kennedy 5, 1988), o4& w54

o= FAW gt 2,

Fe" + AH, — Fe" +- AH+ H
Fe* + H,0, — Fe* +- OH + OH

olm] wrAl® - OHS deoxyriboses] TBAWHE
BAES F8PezM PPl deoxyribose
25¥E TBAWHG S8 A:FrlF 53
OHd 2l3l vjrllsle Aoz el lr] giolt
(Schapira %, 1995).

ol 71&E HhgAolA] ofFE QlRo] BT
lelA HEA Afel - OH AAdse 3EY 4
2] Akl wie} & 48& werh(Vallythan

B 1992). EAFel AMgE FED AFES AT
e 71l EMT Bl w2 crocidolite
18%, amosite 34%, chrysotile 1%, rock wool
0.4%, ceramic fiber 0.15%, 23 glass wool
& 0.07%2 HE& R8sk o] -OH s
amositelAl BAA3A FHog did=ERent 4
Axp FEA dRe) A Fke]l € amositedl] A
OH A4d%e] 71 ey g2 HHEF {93
Aol oAt - OH AJAkel] Aol g8k
AR e Afe] 7 "ol & EvlF A4A
o\t M9 redox potential site® F23F Uzp7}
5 SR By 4Ae dAFT Wt HEE
Hejstd ovt TLS 2ho] HA shedle 71EEY
olelgol o] @ut ol YL WA g Ut

FEAD Hdhe Ao BE A ot &
8 F(surface electrostatic attachment} %
TehE BEA 7 e ol FEA 4-f7F Fentonyt
& AR 2gste] ALE - OH wWEes Azt
=3 ek kgl s 2Z 5 {oxyhemoglobin) & 2}
7}k 3} (autooxidation) W&o = (Hb*+O,—
Hb"40,, 2H10,+Hb":0,—Hb"10,H,0,) - OH
AGE fste) Hag 2apdsle]at itsleAE
AFE F 3t

FdstedE AHFEA AESE Fosta O,
anton channel& % w2 HPFHE 3%
& 3o} B3 EZ F respiratory burste} who}
AR HAYTR B Zapidsle) el apilslgav)
e Adsns HEFE olgsl] HEd A
froll 2%t - OH 43433} ojol 2% lipid peroxi-
dations o} & 5 UAch

AMEere] FEIAPAE e A bafelr],
58] - OHell ol8te] F4tslsd A Euto] safsd
Al FRFebEe] FrbgEch BEAAAelG A
o] Ipalsld dAF o2 hydroperoxide?t AV
3 ojzlel EalElA aldehyde, ketone, alcohol,
hydrocarbon, ester, furan Z12]2 lactones°l
A171c}t, malonaldehyde= hydroperoxide®l 8.
F 2HAHEEAM malonaldehydegl #780] lipid
peroxidation®] g A FE geiUry. wapa]
APz FEAY dael o Fdynte] 23
#44+3F H=E malondialdehyded) ¥& £3% e
24 sl

f

%

fx
o)
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amosited] 28t} HPFetel AAANHI} Fot
e Kennedy(1989) Sl olsted dipsul oy
el goll g AR ofz A7 glol ¥zy
F et ey 2 Adge] ARSd 371 Q124
£ (rock wool, ceramic fiber, glass fiber)el £
3+ A7 o] AN $RE B4 48 W
Zxo) visle fEA F7tetd e chrysotileo]
1} amosite® e watoy} crocidolitedhs W &
o]7} gtk crocidolite?] 7 & Ad{2dst Wt
e Azbe B o dAEAR AMEHT e A=
Aol EAd B9 TAAA AFE BT sitin
Azpdcy,

- OHE Aiske w80 B #3 4557 Al
3%, FHZA (genotoxicity), I3 U
{carcinogenecity)©] Zcks & = glvh & 49
A3 AFIPA FEAY MRl 25 - OH WA
ol EE FEA A4 vl mEdgAME
2] AEAMEFo| st - OHel FEA AHfol
3 HEEG 8T GBS A E LR A%
g9t ARHAE rock woold]l - OH 4%l
P4 Zleu AEEALE ceramic fiberolsl 713
Eoka, MHE amosited] - OH A4l 718 #
o HERPLS 4BEY 4R =7l 2E&d
amositeT o) A crocidolited B thE oy
chysotilew T+ Atel7} R1AE Ao g uw|Fo] AX
4% - OH 2Agte g olFdrE gk ol
Ards Qe Ao2E 3 FAX gy -
OH A4%& 33 gaAdxe] whgd o5ty F
olefe] Zatsl ol FHllsiSdrl AAtdEen
7HAEtgE o - OHAA TS £ Aoht 4AAl g4
AES} FEALF 2] wkgo) ¥ 2Tzl
ol 23 IAFae] AL Aelrt dSF dUrh
mEbd AA Ay Ze Ao wey
AE} G5 GRHEAFHY wkgo] ogr 4tT|A
A Aol T Aavt BaF glolth, EA MER
Aolle Aie "oy A= Fo§ F3E v
2 MAZ chrysotile®] pgd AH57t 71 B3
B AR-Hol7t crocidolite®t amositecl] w}dle]
20 7V =Sen] AR FAME ceramic fiber
7} rock woolell ¥lEle] HF AdfFHole Aoz} ¢
Rovt pgd A-w5rt oF 3 A1 Ql Blo] w& A
FEAY fder g AR AL

(= ok
s =

AR o EAehe 4748 a2
4 MEFA Adafe]rr 88 e S
Aoz deiA Utk ©olF EF2171F hydroxy
radical( - OH) ¢] 7} WH-gAdeo]l 2m 713 4kg)
AZ NEEY, FAG B4 D Sl g,
Mol Adlghflolr - OHE AAlshie A3y
- OH A gat AX =429 AATAT ofv] ¥
A A AT Are] gAEAR AMEHLD e
AZHF2 OH Y%l Fsidy deizaat ¢l
o}

abEpA AZMFE TEF FEA dFe 28T
W - OH AAST sEdasaEe] Axxd, Hy
Fke] AE Fisiele] FAMYE Folraal Y
e 28z oga gl

o}

1. 384 479 S50 28 A% vx27F F7)
4% AdgghlolMlel - OH A4tel Frletgdch
TR #FE AS - OH AARE2 amosite)eroci-
doliteychrysotile®] wolflevt Fo& Aol of
vk 469 w5t 28 W AW Noe 92y
foliM Adahiel - OH Aabako] ZAse] 2
th, 28y rock wool2 chrysotile®} vls=§h &
9 & - OHE YR

2. BE BB AFTola oabgddol o matel
Hlsle] 212 Ity F7E e 58] chryso-
tile® amositeclil 713+ gkt

3. HEA ARl 9% - OH A S0l Fobes
£ Hygpute] A7) Skl £ kel
AAAA T AAT

4, FEA A7 =7 EFNEFE wRg A
o} QEFo] Fazh. MAFME chryso-
tile®} amositeol] &% MEEA 0] crocidolteRTH
Z7tslo] e Q1 A/ FAME ceramic
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