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The Production, the Use, the Number of Workers and
Exposure Level of Asbestos in Korea

Jung Keun Choi, Do Myung Paek, Nam Won Paik

Industrial Health Research Institute, KISCO, Korea, *School of Public Health,
Seoul National University, Seoul, Korea

South Korea has been producing asbestos over 60 years. The use of asbestos was over 50 years for
production of asbestos slate and 27 years for asbestos friction materials including asbestos textile and
brake-lining. Thus, it can be supposed that asbestos related diseases such as asbestosis, lung cancer
and mesothelioma could be found in the vulnerable workers exposed to asbestos in 1955-1975, given
the average latency period of 10-30 years. Asbestos was produced primarily by Japanese during
World War 1I In Korea. The production of chrysotile peaked to 4,815 tons in 1944. From 1978 to
1984, 10,000 tons of asbestos were produced annually. However, the production was interrupted by
raising labor costs and extinction of mine reserves, and finally they had to depend on impoh for the
need of asbestos. In 1945, there were 16 asbestos mines, in total, with the addition of new asbestos
mines in South Korea. Imports of asbestos was increased from 74,000 tons to 95,000 tons during the
period of 1976 - 1992. But the imports was reduced to 88,000 tons in 1995. Since, in addition to the
import of asbestos itself, the imports of asbestos products were increased as well and the accumula-
tion of asbestos reached to 30,000 tons during the period of 1964 to 1993. In 1965, there was only
one asbestos company with 207 employees. But the size of asbestos industry has been expanded so
much that 118 asbestos companies could be found in 1993 with 1,476 workers. However, there was
no record on the survey of asbestos concentration to which workers were exposed in any companies
in 1983. The record of the air-borme concentration of the asbestos in textile working places in 1984
showed 6.7 fibers/cc by geometric mean(GM), but it was reduced to 1.2 fibers/cc in 1993. GMs of
asbestos in working places for construction materials and asbestos textiles were also decreased from
1.7 fibers/cc to 0.55 fibers/cc during the period of 1984 - 1996.
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AL MAH} o 37t B3 AYg, FHTLE
ST E RllAde] & B2 gl ek Doll,
1955: Wagner 5, 1960). 29 A#4e ¢
(Frumkin 5, 1988)3 UFXFL(Stell 5,
1975), #<, 2442, AFg(Maclure, 1987),
4 (Selikoff &, 1981), Fx#d(McDonald
=, 1983), ¥4 ¢(Kagan ¥, 1983), €357
H, v FEA7A gt B3 (Becklake,
1976)7} 1o} ARZo A= oln] e ARE A
gol A AMEEA BA2 AHsln Uk 2 o
oM T MHL A 2ALE3 7} F2olt},

SuaelA Augare 1930 FRHEE Alabst
o] 19443 48158 G olF I REI]
A=Ak, Aol A8 AAAGRE A& g4
9] olihx &HolE AL YFE AFsiden F
&3 AAGGT tEo] MY Algo] §43] 7t
st HIole ¢ Fol o 9% Eo o]2: 3l
AAR ez Az 4009 B AMg-] viwEd g
o] AMggitim ¥ 4 glty MuA4tal Lello]E A
Zol| oju} 500 o]/ AMg-3ton, MEuAds} B
glol3Z AxYL 27del JAE X Ut ¥lwF
W 222 QI3 Add o9z ohdAl E)
7F 20-3019Q1 FoEgely AL B e F
3] g & 4 gt} 2 ol28 Myoz <l
g AFEo] IEH WA ok, Huad 4%
oz AQRAAE B e Y 28, 92 34d
o ojl2xm 3o °ol& UFstn Ut HIde Y
Ak d 2APNAM MAHE WAste 98]
2ol = MR} Qe AE 45 u(EEs 5,
1994). ojgjoll &dlolE AikAld e Mtz B
golZelol'd AIAIGA T 45 A dig &
P &0l 19849 E AlFPHA o A7
g AR 19879 1990 =549 FHslol] o
B A tiste 2ARE A8 1994d &YF
59 dEA A7 UL

Moz Q3 AAFAE getstux & | 71
a3 A HEe] AL AMSRA, ZEHE,
Z2717t 2 AHgA" F 7122APL dojokstyt o]
of i3t A7 gt HHe) o AAgH s B

T E28 F % 1080] AN 2AYE] HEe) of
2 2Ae WFFHog. witd B QTN E o
23 7|2zAe] 4@z fEvhele] AMNbH A
A ARGHEE FobEnat 1940dtiFE AE it
FH FAF A9l TaH Ue AFY F2Y
& HuAgR £ AFeEA £ 2R, E=2
713t Soll dist] zARBIATH

1. o7 Wy
£ ATE A7 7122Ae 4RBA wE2AL

ARG ZAHE HRstATh 8] vl AARE
Mwo] FNHAEAE sotslr] glsld BERAXALE

ANYG. FRZAE 19309 RE ZHEER
o W AEd ARAAZARDN, AZRE
ZAR TN ALATL0] BB} e BH,

o

AR, BAH, ZAZIYEL T FAFAYEA, NS
BANETFA] Hod A, NFAE7} 5o 2
gk FAjolAt. EFE o] FA] FEAYLIoI AR
Al AAEPE =9 BARRE FEste #1st
Atk s F AW it digh U 7| 8o]
glol 196493 71A] w|SeolA il FEAY
(Mineral Year Book) 52 ¢|&3lgen a%=
fElvzte] YAFAE ol &t o] 713 AR
F2d g R FYBAe e FEH HY
< TEIHA g3 o] Tty F Aot 1964
He| MA9] J12ES gAlFo] FUEAC FEH
deonz metd 4 Ut MHo] AE AES
53 Mo e e HAdA-EAEFY 4]
Foll AA 2l detllA A" n e AAAF
FREE F3td AEacr. 1976744 AN
o] #AHE & FETH} A FUEAN FEUL
22 meofo] Brbsslgiou 19769 ERE £US
A7y FER wet AANE A FS gt

HEHAFIA Fo HAFT2A F, AT
o] ot Moz Ag ARFs ) 7FedE Brt
e o3 B dFdies AA3HE 4o
4 e FTo 527 7sd AKE 22A4E
F4Aoz motslEtt, 1980 o]Mel MAAYLS
A gov #Hgelyd FHFY] FEVE nE
o Ao o)t [ DAY Y] 7] o

Fol] diF-E HEZALE dAlGn 43 e H3te &
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Rom 1 99 MUAGAGS MUAEHIE W)
A3t FFAAYPA T AAT A5 L AT &
AR S AR Holu} 7| BolA Mg 54
g A O ARQANA AEE A3k ZeE B
@ele] oz FAFH EI AT MUAERE
EFAske 2/ 7189 A8 B8 oA 2AME A
AR A S o2 FHste Xttt oln] HY
AR OE AErRiF dAAA Bo] #<l
BIAAY BT Aol A XA st
o NUEANAE MAAEY AKIAT AWebEA)
ARZ, A3 AA, 7T AEFHAE 2 AzRAL
AFez AA N2 E£FsHd sl 2571
Zte] #Hebe FAbe) AYPEH JE7IE5R7T vimE
Z 238 T AAT A 109 ol vimE o
PAF¢ ZEHIVSHE BEFE 50 AR JEE
A5l HAHE FHFdhe F 224 8§ AEstn
o7} itslch. MRe =& e HdHEY H
. F9FE T3 @A Jdevz B}A A
Aiedped mofstuxt FuldA w3d £33
20702 MuAldAel Byslol e HERE
B3t 22u AIdA BaEe] Qe 2445
E A4 4A3deo] Holxvtn wdxo] A3
A ot #H2e qUxETEE Tetdly] 93y
1993958 19967b A9 W] T A3
Bo]la gold A+ AIFA 107, &HolE A=
A 270, A Aze) ] AR 5AE ZARSE
At F7 F Adsze vyt Rad
TA2(NIOSH) 33 A18¥ ‘Method 7400 & ©]&
st} Rl-g Algsle FAER ST F7F
AAERE 1-2 Lpme #F22 A7 25me] cel-
lulose ester membrane filterc] 3 s}o] ofAE
/ElotE Yoz Fwuslazict AAA @77
(Carl Zeiss, Germany)2.& 450u12] ul&d]A
‘AT et dHE Arstd IUE Aust
£ &3t

I o7 2

1. aluate) Mot 4t

re

19301 e Fut A=l A HHgide] AL
o 23R Fol dEL TFEA 22 H3A

53] Ao Abgshe AW 871 F5%
el LejuEiela] AW Y AlFEg oy 2=
e FRRA|AHEAFEZALRE, 1941-45). °]
o gAE AEL iRy dEoE £EHo ¢
B Ul AMEEAT SERA Aol Agak
Fe F53] Zastn Id¥ H9g X st A
o] gdal tEo] Mo AR Frlsle 1978d%
E] 198337k 447t 10,0008 o4& AAstgout
sgejo) deky) Qzu] oz F9d) oEdA
Aok, dFAQA MAFike M (chrysotile) F4F
A Fd AN FH MAFAoz 19443 WA
A 481582 Aitste] fEiviel WA e 90%E A
Abslg e, 22x47F 9F 1,100 o231 XF
FRlo] oF 2,000% A7l FASJHFTF] =12
3 B2, 1991). 19843 B Fake] #HAE o
7HA] felvetelA] AAME Mol F Agakge
145,000 o tii# WA HocH(Table 1).

19443 o]He] Aarge 7]Zo] glo] Hogdd £
ot ojn] ME Aito] AR EH ov(ZAFFE
AYSE. 1941-45 . ZABEA]. 1941  LHEXK
BB. 1944) a3Al AZe] MHFAL F 2870
o2 Hitele 5 AMd T, F3o 270 B
I} 3 AMabell 270, el 10, FHd 14, 2
Azl 270, Aol 10} Fite] AUt FHPA
< AT HEFALE AAAEQ] M4yel WG
o]l TFEAE Aoz FHHANTable 2).

2. Moin} Meix|Ee] SEole
2ol s}

N ARSEY A

1976 ¥ 9l 3E THHAEAA 1995F 8%¢
SHEZA 53] F7hlAeY #A4E F75Ae
Holx] ¢dn . 1976\ o|Hex= AWHe] £4iH
Aot HEe] AR ARz EREHA Yo}
detd & il 19764 o)F 9] #UH¥E Table
3% 2ot

Fdd AL 19709 oF 96%7F A&
Eeo|Eq AHEHAoY 19908l SelolEs
H2GEAA ASHAA, AR, MHA Fo <%
82%F AH&3AT. o g Bol AMgshe ARIF
< MRAvpAg AR es AEAe 71z, $%
H|g Beo|ld goldd A=, ZA oy Tl
o 8.5%7F AHEE R Utk MuHEeh AWAL, AE
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Table 1. Amounts of asbestos produced in Korea by year(Metric tons, M/T)

Year Amount Year Amount Year Amount Year Amount Year Amount
1944 4,815 57 96 67 2,388 77 6,180 87 2,518
45 1,303 58 22 68 - 78 13,616 88 2,428
46-49 - 59 88 69 6,515 79 14,804 89 2,351
50 46 60 740 70 1,513 80 9,854 90 1,534
51 46 61 341 71 - 81 13,614 91 0
52 46 62 1,333 72 - 82 15,933 92 0
53 46 63 2,037 73 - 83 12,506 93 0
54 46 64 1,402 74 - 84 8,062 94 0
55 66 65 1,710 75 4,345 85 4,703
56 54 66 687 76 4,762 86 2,983
Total 145,533
-;unknown

%] ; Mineral year book(U.S.A., 1944-1992), %<} 8 @(1970-1993), o @3 A A FFA}
A9 %H(1980-1993), 3 ALAT L, FFY SAXA BaAM, ZAZHL A BAF, ¥Y 2 A= AGAZ
b ZREDA(1958), R LY, ZAFER], 2AFEY AAZALS, 194], THERE. AF4TE, 1944, 24

Bz R (1941-45), 20 355

Table 2. Amount of asbestos produced in 1941 by mine

Province Mine Ar(nh;/u;; Province Mine Ax(n;;%t
5 A doldd gk 9,385 AL Azt e A 8,400
5 AA d&F 53 1,962 24 A3 Fe Gt 33,000
5 A A TG 932 724 < 253 -
5 AA ForaAt 2,012 sl 34 e 3,628
=5 A4 434 168,473 Lig ) A i & 4 1,478
5 AH 233t - 33 ¥ AgEggat -
5 AA A A A FA 131,272 33 B4t A gA4tFAE -
25 5 g4t - 33l e AN FE 478
5 E o 3} - 33 ME TEZA 6
g gl G B s - g} A A Fordl A 34t 6,666
g A4 ol 28] FAt 9,161 23 At BAF -
2 s BEF 887 B3y =3 dE&YdFat 24,000
g 3 ol s} g4t 52 B3 <A ANFF 2,059
g 34 LLR=R 4815 By 9 o] ks F4¢ -

-; unknown

£4; A FEA, 2HFEF A4

7 S9 MWL o} 5.5%7F A, Slet
A% QLAZ 1.5%7} AHHUTHTable 4).

Hele) +U¥EE AAAY wrohje Aol
FHE AEL FY8k2 Yom, olF BF M@
2289 & 4t 74 $UYERE dEAAZA A4
B ARMEAE, Auw, 48K, Nuds, S

ZAMA, 1941, 2332 8.8.(1941-45), 20 F S5

7. ASNEA. 3|, AER, dEEY Foly
MacidAze §33 9 713, 398 Biola
goldst sz, A ol Foldh. AWHAHA
Fore MUHE, MUdR I=, BE Fo| F
Y= UtHTable 5). AEAA F ERFASG
Mege] 32 FYHRon oF 16.5%7 FHE
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Table 3. Amount of annual import and export of asbestos

Amout(M/T) Amount(M/T)
Year Year
Import Export Import Export

1976 74,206 16 1986 68,017 0
1977 70,255 75 1987 77,598 41
1978 48,898 10 1988 87,470 0
1979 58,610 8 1989 77,475 0
1980 36,787 30 1990 74,549 0
1981 53,787 40 1991 88,753 157
1982 44,038 12 1992 95,476 23
1983 60,896 0 1993 82,854 18
1984 59,693 0 1994 83,276 0
1985 57,143 17 1995 88,722 0
Total 1,216,505 447

34 ; B e AR, FEYSA(1974-1993), ZA /YL ZAEAT, BAA, FHEAAR(1974-1993), 4%

Table 4. Consumption of imported asbestos by type of industry(M/T(%}))

Year Construction’ Friction? Textile® Others* Total
1976 71,312(96.1) 1,484( 2.0) 1,113(1.5) 297(0.4) 74,206
1981 48,032(89.3) 3,926( 7.3) 1,399(2.6) 430(0.8) 53,787
1985 49,143(86.0) 4,686( 8.2) 2,685(4.7) 629(1.1) 57,143
1990 61,354(82.3) 7,828(10.5) 4,100(5.5) 1,267(1.7) 74,549
1993 68,189(82.3) 8,700(10.5) 4,226(5.1) 1,740(2.1) 82,854

Construction’ : asbestos slate, asbestos board, asbestos tile, asbestos papers, etc.

Friction® : brake linings and pads etc.

Textile’ : asbestos yam, thread, ropes, cords, packing, clothing etc

Others* : gasket, paper, paint, etc.

Aoz A %<t & 957580 FYUHUL
o Mool s oF 35% Hslez of 1,188E,
A2 o 19.1148°] 8 ez FAHE
F g wepr] HEA S o3 Ao F £YF
£ 29 877EC 2 ZAHULT

3. A HEYH 5 | ZRA o @

FelvetdlA MRAEe 4ite Hgoes Mg
dolE Azt dAANRE AFHAG, 28 i
A AE gide] FdF 2227 AN sty
4 QAck. AAAQA qAARIATE 19939 11874
AMdAel 22AE 1,476 123 3t 1990
d oolfd FRAE ta Ahdke AFE Eoln
dev AKRTE A% FVlske FAolt. 59
MEutdA e Ze ARATE FE8 37 FHE

Yeh glov ole AR AEAF AR Al
Z AR Ang 192 /1FSdRAY WA &
FR ARGl WEHAY] W et F2 AurndA)
o} gAY HEAZ He Fe A 2R
E A AR AREn A F 2EASE A
2o] AAALR FtAlol whe} 1993doll& F71Ee] 7
A8t =3 AW =2%50F 52 MU 93
Aok AL Bol AHg3te AFAA ARA FE
Rt F7hln Ny ARy 223 ¢ 8
A8] zZrastt(Table 6).

Ad HF 124 A3 HAYAZ2 A dig 28
71EFE MRt AEAAe MunpdA A
ARG 22A HE 277132 6.70doln MY
HAY 22AEL 4. 759010 ZH ARlAl 7HE
71217 A= ZEAFE AEI ol HAARE
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Table 5. Amount of asbestos-containing materials imported/exported by year and type of industry(Ton)

Year Construction' Friction? Textile?
Import Export Import Export Import Export

1964 0.4 0 0 0 0 0
65 0.4 0 0 0 0 0
66 0.7 0 0 0 0 0
67 0.4 0 0 0 03 0
68 0.3 0 0 0 0.3 0
69 430.2 0 17.6 0 658.3 0
70 108.6 0 11.2 0 713 323
71 64.5 235 35.4 0 990.1 101.4
72 507.4 94.2 17.6 162 6,583 387.4
73 630 5,619 78 8.8 326 0
74 715.2 1,722 5.7 50.2 85.5 0
75 1,146.1 11,722 9 38 109 0
76 1,221 12,042 16.4 33 51 0
77 1,511.8 6,634 169 16 253.9 659
78 2,239 26,682 269 8.9 168.3 714
79 1,930 6,759 34 8.6 44 1,374
80 2,437 3,598 21 123 10.6 1,375
81 5,943 38,952 19.6 149.2 86 12,260
82 3,879 480 34 191 219 1,266
83 4,943 870 48 160.3 345 633
84 2,148 1,748 41 324 338 1,462.8
85 3,929 1,310 53 56 30.1 1,766.8
86 1,758.6 2,831 91 351 153.1 1,746.7
87 2,562.1 2,385 273 892 17 1,893
88 718 1,286.3 439 755 838.1 2,952
89 2,996.5 1,214.8 466 692 918.3 2,364
90 3,896.8 710.1 302 331 3,016 1,676
91 4,086.3 1,395 317 259 2,089.1 1,528
92 4,095.6 732.7 360 480 2,664 1,201
93 4,133.5 1,099 580 319 1,636.7 996

Total 58,032.3 129,959.5 3,395.2 5,116.4 21,238.7 36,388.4

Construction' : asbestos slate, asbestos board, asbestos tile, asbestos papers, etc.

Friction® : brake linings and pads etc.
Textile’ : asbestos yam, thread, ropes, cords, packing, clothing etc
22; FEUSA(1964-1993), TA A, AAH B E(1975-1993), BAH

o @i

a9

F2 ro] 2F9d 2239 F

o && 4 AR 22XeA AEA711 108 o]

F& Fdahd AEAAY 22A7F 2,307%. M9
oHEAlE 2,089, AEWAHY 22AFE 22403
ol ol AxY AYATE HAY F Jloj=
712 A qUARIACA ded e o
5 MU 7182 A NArAR 2248 &
otsly] Aol £& HFAE] 27710E &

A 2R ZE2As 1,860Feln olF 20d ol
47g 2R 561Hoz FAEJATH ol Ad
Ay #Het, FHFTA BAo] e Yt A
E7] o]} 27§ T2AE|tH(Table 7).
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Table 6. Number of asbestos factories and estimated workers by year and type of industry

Number of factories and workers

4. MH LEHFLo| #

1993358 1994d71x] 7T HAAdAe S=at
248E AR, FFEE 739 33 A
ABEF7E o83l F7F HAFEE S33N
A EE 232N FF3AG. FVIF HW
e AquarddolA 0.03-4.38 fibers/cc7lx} ]
Hogen 7isHa 1.21 fibers/ccolitt. HH
AzxEE 4 EHEFAMA S =30t =% B
ol Agto|d AAARIFe MHFEE 0.05-2.82
fibers/cc®] HHAZ 7131 0.67 fibers/ccH S
w A7zgie] gle A4 MuEsx=e 0.01-
0.02 fibers/cce] HAFLE. 199585 1996137t
A 170 ARG 224 569 tiste] U3
243 Ax qadEgeA 0.07 fibers/cc-17.4
fibers/cce] AR Exe] UHE Koz ot 7|3t
HIETx 1.87 fibers/ccolRt}. 19943l w]&}
o P 7 F AdEzst St oy ol 94
AAFo|RA 28700l vlmd FAF Al
Fitslo] 7] wWjEolgtn @dEct Heo]a ol
Y Az ARAA = 0.03-2.17 fibers/ccd] =&
FEE Holx 3ot 73 AFEEE 0.55 fibers/
ccolUTt. EdolE Az AdAL 0.03-1.08
fibers/ccol oyt 718k s=w 0.14 fibers/cc

al,

1965 1970 1975 1980 1985 1990 1993
Construction  1(207) 2(270) 4(471) 4(446) 6(404) 7(374) 9(376)
Friction 0(0) 1(112) 3(277) 7(324) 12(414) 23(574) 33(637)
Textile 0(0) 1(157) 3(187) 4(244) 6(350) 13(330) 15(214)
Others 0(0) 17 4(34) 11(83) 22(128) 37(168) 61(249)
Total 1(207) 5(546) 14(969) 26(1,097) 46(1,296) 80(1,446) 118(1,476)
Table 7. Estimated number of workers exposed to asbestos by tenure and type of industry
Mean Tenure Total Worker Number of Workers by Tenure(year)
(Year) 0-5 6-10 11-15 16-20 over 20
Construction 6.70 2,307 1,177 293 293 293 293
Friction 6.70 2,089 1,077 255 255 255 255
Textile 475 2,240 1,516 508 95 108 13
Total 6.05 6,636 3,770 1,056 643 656 561
o]t

FAA olm ZAME ARIAE MRl xE2¥EE
Az el AlY Fol AR 1984 7]
87 6.7 fibers/ccollA] 1994d9 = 1.3 fibers/
cc M AP H1n =2Fsv 19873 A9
UAAS AEZFAAA 45.8 fibers/ccZ VFERTH
(=55, FH=FALATAL). Beo|Z Fold A
A A= 1984d] 713 F 1.7 fibers/cc(=%®
B O IE=FHEATL)NA 19933+ 0.1
fibers/cc(APEADFH) R HAarstgont B A}
ol 0.55 fibers/ccZ ERHOB, B[ Y R
¥ 2.8 fibers/cc 7FA] JERAUTE. FolRl olfe
Hlma detgt Hyo]a glold AAIAIYAe] X
o} gl7] djZolUct. &Elo] EANRIAE 1991dq]
0.52 fibers/ccollA4] 1993 0.17 fibers/cc, 1996
d 0.14 fibers/cc2 7Z+A8te 7% SFRIET
(Table 8).

ANAHQ FF HArEe Zaste FAou
T2A 47 3 EE AEFES 2Aste A
Aol AUk ARAA Ago A E A}
439 B A¥E=RY /RlY =&35xr 6L
8% 9nE Zxn Uk MRS ARdAY A
+ =25 87189 2 fibers/ccE 233 AIGH
o] 1996e® tiiEoler, Haojz goldg
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Table 8. Airborne fiber concentrations in asbestos factories by year and type of industry

GM(fibers/cc)

1984 1987* 19883 1989¢ 1991° 1992°¢ 1993’ 1994 1996
Construction  0.40 0.27 0.23 0.530.15 0.52 0.08 0.17 0.14
Friction 1.70 - 0.42 0.68 0.19 0.10 0.67 0.55
Textile 6.70 4459 2.57 0.492.0 3.93 2.09 1.22 1.21 1.87
Asbestos bord - - 1.04 - - - -
Repair auto - - 1.60 0.85
Gasket - 0.05 - -
Repair ship 2.45 - -
Shipbuilding - 0.02
Brakepads 035 - - -
Rectification - 0.10

£5;19841; =58, I Y =FAATA, 19872, ¥4, 039, =Y TY=FHEATA, 19883; g, ; A
A, a9, 19894; udd, ; AAAAF, 19915; A g4, o9&, 19926, LA, 958, 2183, ; AAAXAFTH,

19937, H4E A 74

Aaste AldALS dnizbgste A6 2
fibers/cc®& Z73h= AldFe] AU, 28y &
HolE AzAG A 24gL il

Vo #

AHe BART oig F34, dFdy, ¢
ZAdot A E-o i AFgH, g FY o
To] {4, WA §olF T FHol 3o AlA
Aoz Pol ALY, Muoz Qg AHy s}
e A S FUge] Dol RHEHUM AMSFL
53] #Z4sle FAHoltH(Baeklake, 1976). 18
U SEvelel e Mgl AlRo] 7ASIA gx 3l
o AMEe e 199298 FHow Fadte
A B Ksigrt 1995939 oA F7ksta itk
(Table 3). wHdd| F&F2 F7H5HA ¥7] wid)
U eilA] ALR-go] Fvtethe Aoz HrHE 4 Q.

AHAIRY AL LA A FE F3ellnt 16712 Fat
o] U1 (Table 2) &< FAAY WAAFL
olu] 603 ARE] YArEQITE T=F Alg 84tke o}
Ae £d0lE 3o dAAYEE AU, &
UE MEARIZE #3223l AEHUTn
st AQAFE mjojld g Aoz B, 60
AAEA 570d AlFE A9 AAEAG 48E V)
€Y e} Fojsted Mol i AHEE F71817]
Azt 1978388 83d7EA ¢ 10,000E9]

e Arie]l Aoy 1984'd HAjde] HEAM 2
22l g 718% gl © o9 #AL B7bE
3ot

Aee] 4] 1976150 o283 FA¢] 737
A&t e 1976300 74,206€-2 FUHA Y
olAdE Mol £YHNUE Hez F5F + 3l

L FYE HEe A WAdo|d dF ZAH
(amosite)o] TUH UF SeolE Az FH
A AREHAT (=T, SHTAGATA, 1984).
ZBARALNE Aol A= 1960 H S} 197030
Z2E A7 59 4828 AB/Fe] BE ol F
BA SHolE AAtE At B2 il £Y=A
Aolw EF o] BAIFE Agd Uy AEE0]
%€ dolze Ngo] Bo] RS Aol
A o] ol F71F ol f % o|s} Wet

o] & Aoz rArh Iy 1960 o=
o] B RiHornz ARlE Mo £¢
uloj3Re Ao F&d 197637 E ] FA
o fad £UE Mo %6%E FZ FHCIE A
Aol AHgERAey dxle EHlE ikl A
of AHgHAT. MuuAd qurcs Iaw, wWabd
T2 Aito] F7hE o] AHEFL AT ke A
oju} AHE-Fe] ul &L At MunpAAQd B
glojZztold AA7IA G AHE-she Fe 2%°A
10.5%% F7FttHTable 4). ole AHiel ¢gd
I Aol U Ao wErh EI ]jo] U

> o
1 e

o rx ao of
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HEaA e ALgQlAle F7ME RAojn AMRFE
£%Y 2oz FZEY. AFAAY EHOE o]
d= @A Feo] A7 ARG 70dd] 278 A
A HEAA APEE, HadAg B, 1
3} 5o ¥ 4Ed Tl AH8el F7HEAR, 804
e o] wEsHBA quHAFes NAYH
Ab, MRE, MR, MuHel=, MW AAPAF
o] Aol F7keATE. AdAIF FHH +U€
Mo ol BE Aoz F5H3 zARBIYoY
1993744 °F 30,0008 BE= FUHAUT. ol
EAEL ARIRHAA AgSTZI BT AR 1 Fel
U AFER, g AHERE 7ol B
ol =23y AR Z2ASFE BE Ao
F5HUc

AEARIASE 197588 71Ee R 5duitt o 2
2 F7kEtgl ot 19936 o]28 FrhFAe o
& EgEReov #E3] F7Ha 3itH(Table 6).
olg|¢ F7l= Aol dex dusHo] 70d 27]9
T F2 A2 MuARFe]l F=AA s
gov HIde gholv fEHFE dAHUA
#@A8A F7A7 E3EUS Aoz AdEr
Y AFI2 FE 198598 7IHem Hasdtn
Aok, wide] MAnpRAAGZL A]e) I F
wksle] RE3) F7htn Jouv dR-E 2% ARA
ol Z715tn e A¥E Eolxn Ut ole IA
AR el e WHAA ¢3 Aozt HIe o]
28 WaAEAM AR Frleke B%E Hol
Yok AEdZd e HIo FaFA7E 8H3A
% ARTE gL e AT 2EArE
198598 713 o2 Zadtn gt ole xFHdA
AR o 1988 AR 9] 3V EE 2
fibers/cc oJHE Agoz FHIAA Muwrzg]
o] MHx&¥r} 713 E7] WE BH At
AR ARFA AFHAY] WELR Fold
o}, 1988 oA MuHMAYleY] »=&¥EE 19849
6.7, 1987d 4.4, 5.9, 19884 2.57 fibers/cc ©]
AtHTable 8). MHAIRIFL FAAAEAY A A
ZAMFHE oIt mEbA FHo] Az F
7He e Foll AH3IEE Holglen 19939 =%
Fofl MRAAME-S AT AMGFL 43704 o]t £
ZAMAE 11870 AIdFL g Alol7h @t o2&
olfre 3% ke ART AAF Baa A

o B MM e AndkA] e AR ¥
HA7) dgoln, MHE Y AHgsid AFEL
oE AR Mdo] #{E AFE AN A
A X AA7ES] AE Aelo), diRE FAl
AL 37 B ¥ ol AaeA FeE ol
AU, DE ARG EFAA0EE & wo] 4
do]l g AJEAE LS FF3n sl Bvsin
FeE ARAE AT Y £ A% A
A AFAAAE AR SElolES HEn, MuRE
AR BRI E AEAl, MUE, d7]
Az AR 2 HEopRAQ BEelAgteld, &
2 F9 dF AAE, Ve ARIReR st A
F&, HAHEJE ARG Tl dFH ZAERA
ok ojgjel]l MAE AMEEle ARIALS 2PN
Az Fei¥ o dAg FAFsle S2AEY 498
AEHRIE Az A, A3 AzARAE, AF
A Aiat delol3elold & wmAste AFAFUA
&, F#EReY AR F FHE AASHAY
FEdhe ARIE, ERdolu ARA ARG T2
ZAHEA] R B3} WS ALSSHE ARIE S
2 I4ddA AM™e] e dEUAA A2
2o} v oy} BHARTRAL, AEME 84 F
o NATRFE AF € HAF2E2A, AAoG F
B33 e o] HAse AdAolY HF Al
A, BE7IA AR, sEFPNA MAAEES »
AsAY FEldte 22&, do|l U= EF F
T ARE, B2 Bx ¥ 93 A, 2dy A3
5 HAAEL HFsle 223l A 2
HA gsith. wEA olg g Z2AMA] XiHE
A5 qAHAIAREArY 222ArE WS BE A
o2 #3494,

olHF HFTEAR} Z2JA77t BF AW 9
g AR gty B9 FE dE A
ok Mde 93 A4 = 1901 Murraydl <]
o HZ22 MUNFS BRug@ olF 19314
Klemperer$t Rabindl] i3l FuFe] 24y,
1995 Dolle] A+, 19603 gotzel7t &3+
9] Wagner® 3 Zdol dig A725E Az
5o} (Baeklake, 1976) B2 A77} YA
olg¥ AT7ES FEAHQ A= Ml Z2E F
duiA o2 20do] AR F Muoz A% 1%
#7b G Aotk 1930 FRHEEH HME
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Aol FALGR 22AS) ofAli FHOlE ALY Aol
25 22AEL Z2 F 50de] Awen oE
olglol e 1471 AMAA 969%e] Z= F 200l A
woug(Table 7) o] Fol d¥& Aoz <
g gy Hed, F3F5ge] 2ARE 7ol
At EF2r|7t =% E9 AdH HY 9%
it ol AR FWHEEACE J&ES Hustn
tHBritish Occupational Hygiene Society,
1968, Berry %5, 1979, Finkelstein, 1982). $
g UdeMe 19849 =559 FYP=sHTA
27t ALz MUAGAS =EFEE Ry
o, MEuale] Al &AM HE 6.7 fibers/ccolS
ovi(Table 8) M¥I £ e ETHRAA
9.91, A EZANA 8.77 fibers/ccolAUrt. &2
WA it 8] ekl #E71EQ 2 fibers/cc
o BgctA Sujelx, m =9 HEIIEQ 0.1
fibers/ccBthe T2 10089 7178 F=olUct
19853 MR dAd AL 6ol ZEAFE
350 o2 o]F 4R ZFEA M ol TER
Mo Z2HUE Ao F55H0 1 ol 22
A2 AAAe] MAEF &HoE ARF Z2
Ae olit x2F%%rt ¥4 Aoz B £ s
Aolt}h, 1987d =FH9 ZAlM Huntzg] 22
A% 45.8 fibers/cc7iA] xFFEE Holm 319
FAE ZAGo] drlt Y AEIHE BAdFn
Atk MEeoz A3 AL FHFded 3t &
71EL gle AFoln] Muno B i3 31 87]
2 Fstn e AAo v|Fo] E o Ao L
Q7beAdL 83 Atk Hopop & Feolt,
Table 7ol e Zo] 10 ol AHALY el
258 22271 1860l 2t glo] ojgel Ul
3 Mg e AL AldEE A9 there] 2EA
A AR 2Ag Zolt)h. ol =YL 1987d
19909 MWHE 22 9HE TR FH
sloll BEFR WAREE HAlz MRHFel FA
o] AlEH o] & 5969 F 230%9 Z2AE ZALSH
o 129(5.2%), 21799 22 F 15%(6.9%)
A o) A2AS PAsF o MAAFoE 3R]
2aln @3] AudeFos Adsrt. Ao
olz2g] WMEw 52(1995) 4% MuwAda =24
doll dhatd Z=ALE Aldstd 1399 2235 4%
(3%)9) Mz} 5me] MAHAF(4%)E ¥iln6t

o} ol x thge] MEHLt HY, S Fdo]
2] gAY olml AlgEilE Aeo|tt. 1993d
$A3] dHd MY 2R FHITHG
MUAZZA AL AN T Hge=ale
a2 Fo] R QYA @& AolH, olu] HHALS
o] AE7|E AWyl W& sIEH Wz ot
I R 48 Huod s Zg o] Huin
gt FHFge] FYT + Ao =22(NIOSH,
1986) MHAA 4ol FAAE o2 FE5He
6,636 Z=2ZAHTable 7)o thaled FHzAl7}
B3 Alg=ojol & Aoz #@orgr). vy AlY
AollA ARiel =3FEe Zhsln gloy 19949
3} 19963 B ZAlA MRl &l AEnrz]
A v olAge]d AZARIFANME 2Hstn U
2tk (Table 8).

AdF ol9dele Mue dAFH] FH A
AHEE 3 glo] YtEnle] 24 J)3le ¥ A
maxgo]l AR AFde Z2A AWl &
g ZolERE MuHT Zo] AlRE AEBJ Ax
2, Adghs Bldely FuR|ol oMz e
Z27) 7bsditt. g E2He AL ofd Aoz
By =235 A A A AR v
g o Z27} sbesld. =3 XY B
9] #at THAFARL Mo] F{E AMEAM, Y
59| AW AFahg FEAF| HE Hungy
olAE AlgsEg Z2s} shesta, AHeate] ]
U e Auigdhs 2 AR, AEE WA
2 ARgE Mute] M9l 5= Mo E2E she4
o] qct. AWe EZzAx e viujd ol HFAY
BE Ao F871ES 298 £5 g}, 19883 ¥
g Sol Mute)l MuAA 2 Ao A MW
=2%FEE 2.45 fibers/ccoltH(Table 8). ©19]
of FEutMA, AL AEL:, FEALYFE &2
Ve A, BdEA, ARsisiAld AR 94
F Ag4de] A8 2 V)3 F 4 AdEAY B
2, o] AZARY MHE AlE3n e Aoz
22573 o] °o|F EF ZAPF e oz A
g5}

B AF7e AU AMgAd e} A3, HF22AR
Bl dF FH Ao HFAY A AMEEE 7
£ 2 ARYAe 2E7)So] P FEG AL
o] Foyx|x| E3Ic}. ol#F ol E B ATelA
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ANE BAE tha lES Fol Uk,

R, AGAIS ARG Sl = Al Aol
29% 22259 7120] go} shetalx] Rarsc

$A, 19764 olWAE 5ol Aot F
B EREA %1 £YR) Heh ek 2aigic

AR, 1960958 MBAIYG) 71 5] Folalx]
%oh A¥ Aldel SRR 2971209 & A
WA Pel 29H I2ASE 2Aess] HEol
A S mhet tha Abolzt 9 4+ ik
Jeht Bdgsbucke $agt s Yoz =
AFSTH.

g, NRAEAAST Nl 4euage
FHoz zASADRE Y oIFAME v
Aol 9 Roln AFAFuYat =4Y, A
WMol FHE AENIY B4 5o AR YE
ot uw T AYF, JHT. vIEe AR
of W@ ZAE ZHEX ot 4R S 3
F Er E20EA 9 25V 5 E27]70)
a7} A9 Ao BT

V.2 <

St M Agate oF 60 MEE] Az
Rew F Pirge o 145 00080t} olE9
R wAdHelglon 4 EWy Ay (Sepi-
olite)Ath. & FAXEe} Aigate wawo|n
FAAe] AR Edoldtt Mo AL &
olE Airo2RE AlRsgon, UAAHEE oF
55, AMwwrzzl Mualaa Aate] 27d ARH
AlZEI A, Hee) 132 19763 FE 199537}
2 oF 122%F Eol £YHNLY 197613 oA F
JF7A] EF{HA oM} BE Ao wEn)
Mde] $94L F4 St glo) #F3] Foksle
ZAlolm Azt o 8YH9H Fol FYHT) o2 o
FELS NUAZAANQ Yol Mgt Fo gat
3 MAviaAe] APiko] AMEH D Qeh AHe x
255 FF3) ZAasln Jout d¥ 22 oA

o)

€ Muud 2¥e T delHe FEoldth
Az gde] A% 19873 Hx 45.7 fibers/cc7}

A gatg ot 19844 6.7 fibers/ccolRen], 96
d AMmukzddx 1.87 fibers/cc o8 Z43tm Q)
o #HErEe 2Hstn YUt Baeo|Aetolyd

Az AR Aol A= 19843 1.70 fibers/cc, 19961
ol 0.55 fibers/cc® ZAdln oy 3 g3
o] SEANNE HE7IEE 238l UG, =
A AEgd Ao dAE MHEn Muehd
Al AA 2PE Aoz B MulgAe
1993 1187H°19 F HFZ2A S+ 6,636 0]
AL Aoz FAHAGD. AASFe) AFIZEASF
o} F7bt E3Edtne sh &3 Frketa 9
k. olF 10d ol 2F% ZEAle 1.860% ol
208 o] 253 I2AE 5619 sl gl
777 EAE e FRsttn ddE o
Al Hedelv FHFYE Sol HIRA g2 Zolx
e AL old Aoz F2H.
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