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— Abstract—

Asbestos Content in Friable Sprayed-on Surface Material and Airborne Fiber
Concentrations in Commercial Buildings

Hyunwook Kim

Graduate School of Occupational Health, Catholic University

Twenty(20) large commercial buildings located in Seoul with friable sprayed-on surface insulation
material on ceilings were investigated for asbestos content in bulk material by polarized light
microscopy and for airborne fiber concentrations in buildings by phase contrast microscopy. In addi-
tion, such building-related variables as building age, numbers of traffic, airflow, surface conditions of
the ceiling, temperature, and humidity were studied for any correlation with airborne fiber concentra-
tions. The results were as follows:

1. Chrysotile asbestos was found in two bulk samples with 3-5% content and with <1%in one sam
ple out of total 20 bulk samples collected. Glass fiber and mineral wool were the two major con
stituents of the bulk samples.

2. The ceiling surfaces were very friable in 16 buildings and were relatively hard in 4 buildings.
The friability of the surface material was dependent upon the type and the amount of binder that
had been mixed with the sprayed-on surface material.

3. Airborne fiber concentrations were log-normally distributed and the geometric mean(geometric
standard deviation) fiber concentrations in the underground parking lots, inside buildings, and
outdoor ambient air were 0.0063(1.97) ficc, 0.0068(2.29) f/cc, and 0.0033(2.36) ficc, respectively.

4. No significant relationship of airborne fiber concentrations and all building-related variables stu-
died except humidity was found.

The results of this study suggest that the sprayed-on surface insulation material found in some

commercial buildings may possibly be contaminated with asbestos. Since most of the ceiling surfaces
surveyed were very friable and poorly maintained and the airborne fiber concenirations were relative-
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ly high, there is a possibility of asbestos fiber contamination in these buildings, particularly at those
buildings with asbestos-contaminated surface material. Since poorly maintained surface conditions
were thought to be a source of high airborne fiber concentrations, there is a urgent need of a system-
alic operation and maintenance program. Further study of non-occupational asbestos exposure in gen-
eral population utilizing advanced analytical technique such as transmission electron microscopy is

highly recommended.
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AEe I A B JHE, iRk, #
& 9EA T4 F2 BHo= Qe $2 A3
A ®eol AHE e BAFY el ¥ 3
= Agsy] ol AAA, 224, $AE d
A2 YA, v, dgetd § 8€ e 3000
oA F olde]l AMEe] ALE-Ho] gk Y o)
Rz B7stm Aol g wtd R A &
B i B2 ustelA 2 Abge] R EH 3l
th felvEME 2 S dFEl] MR
R g £91& SRR A F AHEE 2R
AMAAY FAER ity a2 WaHe] e
o}z ofgoig FAI7} glo} U3t SRHE o)Ate] Mw
o] #4= L U +4 A 80%°]/de] AHAA
of Abg-Ea it (ddd, 1994),

AR A7t =28 A$ diE 1594 309
FEIE AM HEsF, "0, 94 F9F 5§
Frdste] g ATEE o3 olgod xswyol
gith. diAM ez Musle] AL Ao dAd A
A dfAlelele G-ukg @A E Holnl (Beckla ke
et al. 1980) EFHFH} AL HS= A
AR A ARl &7, dol, BF F9 &3
‘ddel Awel WA UAHE WAL e A=
EnE3 3t} (Lippmann, 1988). ol2l$ Mwe)
Adezry MA FFITEAE BRI 959
Felvetlid e ZAd3el §A7|Eog HHe
Foll ma} 0.2-2fibers/ow(f/cc) 8] 71&8& A3
LEAE Badtn Jev (B8, 1991) o] 7F
T o2 FY4Adka B a9 74 (NIOSH) 2 A7)
£ 0.1f/ccoll BIHA 2 FFoltt (NIOSH,
1994). d¥t ti7]F MAo) difde YA E o}
Z] g 7]Eol nlbEA gm oy olxEde
A% IR AW @nctes (.0016f/cc(B-

renner et al. 1990)°] A=At 231y $2y
e o3 it AeAdl il 7)Fo] vl
o] A gdey,

A&zAel] ALgEE MRS FAHe AL H1
o Ee EWo 4XHY 7|, AEY AF,
FARSE, A8 =¥ Fo FAR 4A 2
A #EE AU A48 dEoz dAAE $iv)
A ZAfeld), wFNEe D8 U Hue ALg
& FAetn glen), AE o oA AleRY A
AR A&7 de e Adr Fod 2
A2 FRBI=E Azsln, st BqA L
Ate AA, 48, 9497 & Aansin U
(Morse, 1994). z8ju} $2jUelME oo g
AAE7} Yo} olAx AE o] MHL Agdln
slerni AR AAAE A BSAE 7 HoAUA
% o),

Selvetell Al Ade] @ AFE v|kE a2y
o} tiRFol AJPA R o] hREo} ¢
Uty A¢ &dolE ARA| 0.04-4. 75f/cc, B
A4 0.10-17.3f/cc, Bdlola glol\d AFA) 0.08
-3.08f/cc o2 Badi ot ez o) g,
1991). ¥ W7l FeAe ME& FF A94M
0.0022f/cc® EAI wFHo] F7Hedel wde} F7}
e BAT (#RI43 AF, 1989). 2y vl
¥ A2AAE AMEF AUEA 7Y AT e o1y
259 bt Qick. oFe] A$ oleid AujgAel o
# A7t A2 @A) diAdel "o glen YR
FAFANA ABUY MUy vndd 3¢, At
#o| Gy §Fc) BE 4T ¥ 558 Hole
o2 Bass UrHCorn, 1994).

oebA B A3 $2ivE dydEvd vng
BEAANE AHSF A%, voy A& Ay
f A&2 713G R B8 233l HAle o9
AEE AL, oA MUE FUAAY B
= AN dale] AHE sotstxE sych
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AW oqls A 4 S AF We) SR
A AAST,
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a ARy

Al ¥PL vlF NIOSHOIA FMshe NIO-
SH 7400 i€ AH-8) 713 M9 448 3
Btk (NIOSH, 1994). © W& A7 25m, 7]
Z0.8m, 4E2¢2 PuHQ FE AH-3A 50
m FH&o] FaE EFri2 EHdte ez &
Aol AsHE Al d#Me §45& ¥
F 1-2.52H 2 a1 Mo JHE VXA Y=
7159 E{EAE aBisle 28§ AEd A9
AE AFYHE oldsle] TP, S £
16281812 R SHEE AHg-3ia] XU,

M Ffoi & I EANEY AHE oF
EPAdIA FAste W& AHEs ARARY 7
U AHEe AXd ge fEYo] e Algd
AHeE sgen A2 A}7Fe AA Azt
o A3t

b, EAYY

1% Ad Addel B4 NIOSH 74007 (NI-
OSH, 1994)%) #i4adv1d ¥4'H (phase con-
trast microscopy, PCM)§& AH&-3ic}. o] ¥y
& oM E/EZCMRECE HEHE R st n
A A)719] Walton-Beckett Graticuleo] A4Y4€ #
AR F S ALSsle] 4008) wl&oA "A” Al
o we} do)st 5um o]dela el AW 7t 3:1
o]l stz 1 HRE A, AYle graticule
g=2 i 20¥%, Hd 1008=74 A=, 100
g=ydie Aiel 471 10070& 4o =44
#Agle) 718 PRI

A B MY YRaRe] ¥YPE v EPA
3¥¥<Q EPS-600/M4-82-020 (EPA, 1982)%
NIOSH 9002 ¥4 (NIOSH 1994)¢! #iaenA
Y (polarized light microacopy, PLM)& ol-@#}
o Muie] EARY, 24& A, REd&, 24
A, 4, BN s B4 olddlal Hug
FholR 3l FAE BT, NIOSHS WA%
A P ol 48 AT PHEAL
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d FTHEA |
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olRlen 2 7% RTE AN Az A o
Ql 8RAM T HEH UL YAl E 7HEAIFIA
3L it

% A4 BEYX {YE 2H AN 89
80%< 16 MAolA A} Yo £F AXso] 3]
hen ol Vlde WHY AF AW F=AX s}
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Table 1. General characteristics of buildings surveyed

Bidg. Year Parking Avg# Vent. Surf. Location of sprayed surface
code built area(m”) cars pkd Op. mgt material & conditions

IG 1987 13950 250 Y A ceiling,soft, damaged (<5%)
SS 1985 6600 120 N B ceiling,soft, damaged (<10%)
DW 1994 - 2120 40 N A ceiling-soft, beam-med hard
HS 1992 9060 140 Y A beam only-med hard

SuU 1992 1560 60 N A ceiling only,hard

YW 1984 1650 50 Y C beam,soft, damaged (>40%)
CK 1987 6600 60 Y B ceiling, soft, damaged (<10%)
CH 1984 8270 150 N A ceiling, beam & wall, hard
SY 1985 8930 30 N A ceiling & hallway, soft

KM 1984 330 25 N/A A ceiling & beam, soft

SB 1990 660 70 N B beam only, med-hard, damaged (<10%)
RE 1988 8760 100 Y A ceiling, sott

LO 1979 15870 270 Y A ceiling, soft

BU 1988 660 70 N B ceiling, soft, damaged (<10%)
TY 1993 830 130 Y A ceiling, soft

KS 1991 730 22 N/A A ceiling, soft

SO 1990 990 40 Y A ceiling, soft

RO 1991 1260 30 N B beam only, soft, damaged (<10%)
BC 1986 330 40 N A ceiling, soft

AX 1991 1330 300 N A ceiling, soft

NOTE : surface management: A-well maintained B-fair condition C-bad condition (damaged)

soft : fibrous spray, fluffy & easily friable

med-hard : medium hard surface - cementitious spray
hard : cementitious spray (fiber mixed with bonding agent)
Vent : Ventilation operating (Y-operating, N-Not operating, N/A-not installed)

Avg # cars pkd : Average number of cars parked

AXE ¥n% A HE 167)400A H/2
E40] m$ FMAR HE JHz2 FEH UK
I, YA 4R E AEAst HoA X 3l
of o2 vARgE A Ut /R A9}
S 9a e A7t 42 2 ZelUd.

&9 vny B2 ANEHE A : FNH
2, B : FEHoz s&/A49E 7154 S,
C : B¢d HHo] 25%0l% 7AZ FEIHANE
o, A7} 14 %, B7t 5 &, 283 C7F 1 ol
. C2 FEE £ AE AFH GAde A 40
% o|7el Bol AstA %<& It

E 20l ABY 2" EHAM AT EFA
E8 PLMo 2 Mg A} A8t Fa, A4
W 9 ABY 7] FoA A 71F A RE PCM
o2 BAG ANE 4 g4 dEER FEIA &

g3ttt

EWABE BN d3 2070 AEF 1T706A
e F F71BEHH (mineral wool) 7} FEH
AR, 3/ ABoA T HMH (chrysotile) o] A%
A2HUY. M¥E #$/3L NIOSH A¥ge=
3¢ A VA EE FRFe] 3-5%°102H Y
o2 1M e (1%t

E 39 713 MEAE B4 AYE s
A R AU AE 2427 147 AR AHF
gxol AF FAZ ABANE Rz, AsFA
Bl AT AR W7 A= B2 o= A
71 BrFssld BN AgjsHd. A aFary
AM AT AR 3940F 1778 (44%), DEWRIAN
AHE A& 190F 270 (11%), W71F A& 2070
F 1178 (55%) 7t £423 A/L=7t Tl /me o] 5}
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Table 2. Summary of resuits for PLM and PCM analyses

Bidg.  Date Bulk samples Airborne samples (PCM) - f/cc

code  sampled (PLM) Parking | Parking 2 Indoor Outdoor
G 1294  GF,MW 0.0046* 0.0081 0.0035 0.0033+
ss 1294  GF,MW 0.0065* note 1 0.0061 0.0020*
DW 195  GF,MW,CH(<1%) 00118 0.0032* 0.0057 0.0000*

0.0019*

HS 195 GF, MW, CH(3-5%)  0.0044 0.0025* 0.0076 0.0099
SU 1195 GF, 0.0069* 0.0075 0.0024* 0.0033
YW 1/95  GF,MW 0.0075 0.0250 0.0140 0.0062
CK 1/95 GF, MW, 0.0139 0.0038* 0.0043 0.0053
CH 195  GF, CH(3-5%) 0.0134 note 2 0.0288 0.0013*
SY 1/95 GF, MW, 0.0075 0.0084 0.0007* 0.0025*
KM 2/95 GF, MW, 0.0066 0.0059 0.0114 0.0014*
SB 2/95 GF, MW 0.0127 0.0024* 0.0064 0.0037
RE 295  GF.MW 0.0048+ 0.0011* 0.0060 0.0016*
LO 5/95 GF, MW 0.0173 0.0107 0.0040* 00131
BU 6/95 GF, MW 0.0144 0.0107 0.0121 0.0085
TY 595  GF,MW 0.0128 0.0079 note | 0.0063
KS 495 GF, MW 0.0022* 0.0039* 00111 0.0046
SO 3/95 GF, MW 0.0033* 0.0049+ 0.0051 0.0020*
RO 495  GF,MW 0.0034* 0.0050* 0.0145 0.0020%
BC 495 GF, MW 0.0097 0.0036* 0.0115 0.0064
AX 4095 GF, MW 0.0109 0.0092 0.0140 0.0004+

bulk samples: GF-glass fiber, MW-mineral wool, CH-chrysotile
* (airborne samples): <limit of detection (fiber density <7 fibers/ar®)

note 1) sample loss due to pump fault
2) unable to count due to overloading

Table 3. Summary of airborne fiber concentrations by

PCM analyses

Underground  Inside Outdoor

Parking lots  building ambient air
Number of samples 39 19 20
GM (flec) 0.0063 0.0068 0.0033
GSD 1.97 229 2.36
Range(ficc) 0.0011-0.0250  0.0006-0.0287  0.0004-0.0131
No.<LOD (%) 17 (44%) 2(11%) 11(85%)
No.>(0.01 f/ec) 11(28.2%) 8 (42.1%) 1{5.0%)

GM:geometric mean GSD:geometric standard deviation
LOD:limit of detection

2 PCM9 H&9A (limit of detection, LOD)
o3t

PCM ¥4+ ¢4 (limit of quantitation,
LOQ< 0.01 f/ccE ZMsle vj&E 2HUE A

HEW A#EF A8 39705 1171(28.2%), 4
WAE 190 870(42.1%), 2#la &% gy
BolMe 20M%F 14(5%) ol

€ dFedMe 3F 40t A48T B
& Yol wet 7 2§70 BFE=E Vs )
SEFUAE o] g3t Jehhgich(ad 1). dEY
oA 238 wX7t 0.0068f/ccE 71 B2 28}
FAgol FFP FEE 0.0063f/cc2 ¥ &3
o 5 2E FAAHQ Aeolrl gt iy
ZEY d71FAA 2398 BEE 0.0033(/ccE B
of ¢t} ¥ a2 g3 FAHeE foldlA (K0.01) B
steh, B AFeM e BARAMA LOD ol&le] %
o th3 LOD-substituted F=& ALE3A] gxn
AAE ANG g AM-Sl FAREY] A1e3)
Ht} (Kinney et al. 1994).

ABEAGANAN FFE 71F dRses) AE @
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Fig. 1. Average airbome fiber concentrations by area.
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Ag 23 5T AFFAR] HREed 9%E
AR (p0.05) TE HFEL B0 gl Ao
et

V.2 #

2 A7 v qEdBe] APEA gt
F2A Fo2 HFold AZ o EF AHgHn
de vy FEHAAY] HAe] TR i
FE& ZABD F7NF ARERE AP #3
AN, ZAGA A8 BEHA AHE &2
AEe] B A 2070F 17 AR Rl g/
7\ REHRE BRI e ReE #PFHUR
YA 370e] AlseA HAEe] HEHUT olF
e 1% ci3te] gFez Bol BT EE 4 A
o2 Bt} wEhd E AFelM Ny da&e 20
A AEF 2709 10% <Atk ©olRAL viFe] AL
20% ol WEA AHWe] EAI Sitte
(U.S. EPA, 1984) A vimapd Fwrgze] ¥
& FAoyg olAvtew feuste] AEY MAe
g HHE 37 ogE Aotk 2 ol®k2Ee
ZAL AAE 20004F 1A AYsae RS
80 E o]Fd] AlZE HUEZ sodrold ¥WA A
o] fajAdel dal FEHA ol wFeMe dEY
Mertgo] FAE Al olHF FFPe] 8
ez gelA dEe] MAqAE] Feldfe
718} BEA AH7F AHEEZ] AlFEE7] WEd] Al
A9 Aol A& Ao gWadrh a3y £
valelde olA = AEW MREH A A&
Az oz FA e YEo] AMFHA S} 94d

ol A&3AA2 AM-E MUFo] AM AP 80
%& 38 the Aoz CRHYD(HEH, 1994) &
FANA B T0EE oA} AEE WEo| o=
A5 A7) G dEe] YAEARE o
HE HESEE ANY o gAY, T HE
o] olle} By &4 molX BA, H
Z &4, WR v, utg BdA Fo AR
M T 23 FE ARMCA 2 2Ale) A
Hoy ¥ig FAe 433 B £3Y Aoz
Hadr,

B AN 33 ARsse] EXE BAR A
3 dEYTEEE 9 7 3e=EE vIstEn 7)
SIEEUAE ARSI JERRT. ol AEx A
Ax%rt ds-3TERE e A747 (Shee-
han & Reynolds, 1992)¢ Zgteu}, ti¥ge]
FA7F ZAHA g Av: AW HHE=dad ¢
BT EERDE o|9E-X (binomial distribu-
tion) 7} ¥ A A (Reynolds et al., 1994 o2
T RuE u glo] goE ol i AFx Hes)
= ST L=

ol ZAlA AEUAM FFT F7F dRE
= AsEage] BE 0.0063f/ccRiL, AWFT
o] 0.0068f/ccHtt. ©] i 1994E 87 A8
A8 FAg JF ARE=rt 0.0208f/ccol AT
AFAIRC} 4P @gieh (BAGH} HEL, 199
4). 23y oA AT DB Al BAY
I AWUL(1994) 2 7$v &AHUNGD AEo] B
Wb B dFeMe vad BdEddrt G
Zgo] ol EFHEHUD Ao ¥ Yloz wdd
oh oA ERG AELe] AT &4EA
% HEUW HRE=T vlasiEd 0,0064f/c2
£ d79 A vxA L & F ok

AEUY A 38 FF HdRsEE
0.0068f/ccol 2, PCMe] AR{AIR 0.01f/cc
€ 9 AEFE 42. 1%l HdA= 0.0287f/
cc °|Ath. ©] AH}E PCMeg Z3¢ & aF
Azte}l vimsted 2 B NAFRA} ol ¥
FHEE 7IAHY AT FolM FAE F
S 0.0063f/ccst M7 EEQ 0.0062f/cc (Shaikh,
1994) k= AS) fAIE ARE Rn @dA 43
% 71F A{%=7F 0.001-0.010f/cc (van der
Wal et al., 1987), 0.0078-0.0113f/cc(Dodgson
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et al. 1987), Aaxdid] JFFNEK 294 4
A% A/Eert 0.003-0.015f/ccd} UEY A7
3} (Miller et al., 1998) k= vj&#sich. o B
e g2 sjdlA AFRVIHE QYA e
7971 AERRE =& PLMoz #4¥ 0.063-
0.225f/cc (Gaudichet et al., 1980)¥ 3y W
Fxolgnt. a2y ta, dwddE, ¥d ¥ 4371
AEoA AN 2350 ARE BAE A 0.01f/
cc o]Ae] 13%ol HAAX7 0. 075f/cc (Bur-
dett & Jaffrey, 1986) 1€ A ¥iqnd &
o 2 dF @l AgHe god HEFEE ¥
23 2 FEeldth EMwe]l Aolsied PCM
Axtel BaAAEn|A 4 (transmission elec-
tron microscopy, TEM}ZA#E ¥u¥ ¥ gl
U TEMe 2 3% 4% 710 fucdsy Biss
7} PCM A3¥%E 0.00024f/cc (Corn, 1991),
5078 Z3AES ARIAEAM B@el 0. 00006/ cc
(HEI-AR, 1991)%! Aol vigixe vi$ & ¥
o) o)A Apvith Aol¥ Frrl WEEE
olfE +AHoz BAWHe] tan, & ey
Fadd 3 28 €%, 379 58§ F W57
%) WEes 3P, AEAR 718N
239 deesE dee= 0.0004-0.0130f/cc, 713}
Bo] 0.0033f/ccolitt. o]RL 19899 A& F
GG 2 5L 0.0022f/cc (HFA 3
7, 1989) B} kgt 4@ Aoty 1 olR=2
v 28%9 TP 473 duEEy 7 4%
< Fo (%943 »FF, 1989 AEAR Heola
gloldo] NAMF HEe F8 €A (Bruckman,
19 78) 9 g &, WS =t o AL
aF HgoA AExrt ol 71 iR A}
a9t 93] Afol uws) BH T e
WF =& PR EEY (polarized light
microscopy, PLM)<S2 ¥4 A#Q 0.002-
0.004f/cct A2l dAshe FEolAD} (Qaudi-
chet et al, 1989). ¥ ¢+ H3e= PCME AH4
8 Aoy di71F NAEEE TEME o834
At A&l 71F FE2 $EF A7 ¥xy
e geou, BAMZY Xeolg askA gn
ox] wHHE FEvhe g dd wmd B B4R
¥=7b 0.002f/cc (Corn, 1994), =AIA LAk
A 239 0.00065-0.0062f/cc (Jaffrey, 19890) %}

vme] o} Fe BE& Bk 28 oI o
Eoid Algd |7 ALY d7|§ PCM 42
Fees} 0.0005f/cc (Kohyama, 1989), $%%%
# PCMA9¥ESZ MW 0.0005f/cc (HEI-AR,
1991) st @R 10 ¥E wch oy A
e d71F deszE o] PCMe HEdA
ol#iel MFroln] PCMe Ausl AgR H¥iyo
E7Hsdt] e tE 7Sk 48z 33
Pote g 2y qU]|F Hesed &% de
TEM3} Ze o]l =il € Aoz A}
2212 %

ol APAMM g Ewwe Add w&
71% 4REze Aole gt sy olZe B
gz A7t #4 &L AEY 7 UldE Ho
vl Aol Hflen, ti¥e] dEe] vwd A
Bdgo] @2 A4E Aoz dMzez RUEdY
7t FolA AAH]L Aol Jebd Aok B 4
g, ERARE AR 830 e dEdA
7 eBEEEE 71E e 7T AeEA
2ud A4x Budgey (Burdett & Jaffrey,
1986), 4970 H¥JEE WAdez & A7 AN
(Chesson et al., 1990) EHS3PY =7} FEof 3
Bg Fe Ao YeEidn ¥ e A& F9
AENA AFE AolA T Level AF(ERYH
AWS, 1994 % ZAE] Aesd 71 F Hisx ¢
of A% /AL e Aoz BHuHY 7§ d+
FEE ¥ #5202 FA Y JE8W =8 X
g B HAT IYE EYstder & Aoz
Atggc},

a3y dEded EAlgte duEsse dutdes
e e Ao wuEm o, gebd ARisd
vl dnbdz|E Huncgs sl Hgohd
et FuFe o|PE JYH FAe ey dNF
o8] Ne] E%E A9 odd HAWe] WA
%7+ Ut} (Gardner & Saracci, 1989). ¥4
o ZE RARSFE e e WS Pl 2
227 4% 2] 4 x&Fe Ao RuH
Ak, TA AXE Wado] EAss Al o)
BAEx7} 0.02f/ccolNE W AES fABE HE
#ajQlo] 1.6-4.0f/cc, BFFAel Hoift SEA7}F
1.4-17. 1f/cc 8 E= =920 (Sawyer, 19
T, BEFAA BF, AVF, AQET F 2EFE
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0.008-0.19f/cc®] w0l x=&He Aoz ¥ay
Ak (Paik et al. 1983) Ef VE 2T HwWo]
Haldte Aoz EuHAT (Corn, 1994). a23=
2 MAEA AEe AARSE €It A
g o] viisiojol @ Aoln, EF KABS
FTAE A7 FadE MRl dEY tE HA=
Avs]a] 58 AHY @ 7Yl rlAHejol &
Reld,

£ 47N EFARY] AHEH L PLME ol
3N, 71F AREE AFEMNL PCMozdy
o e F7F A8 Rl Ma, 48
9, 4 F9 TRAFE ¢ F g a2 B
BARAA iR g€ fFedAE BHEU
HEd F71F AR E olEo] X Y& 715
A ¢ woa A Rl R s
A A gl g A7t A4Hn Yo F
Agd T4 (International Agency for Resear-
ch on Cancer, JARC 1988) X o|&-& ¥d3
FEHE 3D Ut Wl 2R A7dss)
A71ARE ol A U %8 LKooz &
ol x#eo] Wa¥ Hojth sIFEHWH EHA) Alg
¥ PCM i€ 3{#70] old 4yt th713o] A
4% A9 232 o8 d7lA AAFA). Corn
(1994) & PCM9] ©yoz Mun vlaH 459
TE e 4z dEol] 273 0.2m o)ste] MW
AR B & Gz AXIRI, NIOSH 7400
W (1994) o] HE8A 7 0.01f/cc B HEEE] o
71Felv ABY ot o] HY o)l B3R
€ FAROn St =28 gr)Fede w9
A7t ®ol &8 (Burdett & Jaffrey 1986,
Gazzi & Crockford 1987, Rodelsperger et al,
1989 ) PCM# TEM $71A W& Hag& 3
¥+ PCM il #33€ 7§ 29 ez 81
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