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— Abstract—

Characterization of Asbestos Content in Friable Sprayed-on Surface Material

and Airborne Asbestos Concentrations in Buildings by TEM

Sung Whan Yu and Hyun Wook Kim*

Department of Environmental Engineering, Kwandong University
Graduate School of Occupational Health, Catholic University*

Fourteen(14) large commercial buildings located in Seoul with friable sprayed-on surface insula-
tion material on ceiling were investigated for fiber types in bulk material and for airborne fiber con-
centrations in buildings by transmission electron microscopy (TEM) in order to compare the results
with those by polarized light microscopy (PLM) and phase contrast microscopy (PCM). The results
were as follows:

1

. Chrysotile asbestos was found in one bulk sample out of total 14 bulk samples collected. Glass

fiber and mineral wool were the two major constituents of the bulk samples.

. The Na-Mg-Si-Ca-Fe-Al ratios of the EDX spectra which were normalized with the Si peak were

0-1.0-10-8.3-4.0-4.0 in mineral wool and 0-5-10-21-0-0 in chrysotile asbestos, respectively.

. Airborne fiber concentrations were log-normally distributed and the geometric mean (geometric

standard deviation) fiber concentrations by TEM in the underground parking lots and inside
buildings were 0.0048 f/cc(1.93) and 0.0040 f/cc(2.27), respectively with no statistical differ-
ence. In the outdoor ambient air, statistically significantly lower concentration of
0.0018f/cc(2.04) was measured.

. The TEM/PCM ratios of airborne fiber concentrations ranged 0.5 - 2.0 for 80 % of airborne

samples analyzed, and the regression equation between TEM and PCM was PCM=-0.2724
+1.1355(TEM) with the coefficient of determination R?=0.52.

The results of this study confirmed that the sprayed-on surface insulation material found in some
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commercial buildings may possibly be contaminated with asbestos fiber. Since statistically signifi-
cant relationship of fiber concentrations measured by PCM and TEM inside buildings and ambient
air was found, previous results by PCM in ambient air could be used to estimate the ambient fiber

concentrations in knowing the ratio of TEM/PCM.
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AHE Y, dviy, g, 994 59 #8%
E8318td EAog thide] gl AlSEHo] sit
EZ gol A7) W&ol HaAl, mAA, wiged
o] AxAAL} AAAZ AMEEO] gty a3y
Aol izt g 2 AE Fo fFEHe= sy
e UgelA 2 ARge] FAHY itk f$Evet
ANE FAW F FMA] 91 FAAT 2 AF
o AME-E FAANZIAYG FASE itk a2y 7}
7 Bol T&He MW A 533 FA
glo] AF Fd=o] AEAAT & 80% °]]
ARSE T ik (Mde, 1994).

Aol A7t =&HY fiEe AWoRE A
afF, #HY, HFHFT Fol Hz glen,
ol AwWe] WAz MU HfAlolde Fuks F
AL BelHw, ol AR F71, Zol, BE¥ 59
225 S 2HT AN e ReE By
3 S)th (Lippmann, 1988). ©l2@ Awel 943
S 2R NY HAF ZFEAE BId] g8 B2
valelA g FHFske AGF gy 293
71E& AR5t Jx feEvEts AHe] FRd o

2} 0.2-2.0 fibers/cm® (f/cc)S] 715 Hslo] 2

2AE B3dta Aok (=B, 1991).

gzl AR AEFS AMSske dEE Add
At ti7]1Fe] MAszd] d3ixe olxgtdo] o
v 373 Ay $=5 0.0016 f/cc (Brenner et
al., 1990)2 Azstx Qe A, v|Fe] wjAbzA
2F7F 433 0.0002 f/ccE W75 L2
AASt JE74$ (USDHHS, 1993)E A<tz
T W dFME ofF F33 7]Fe] nRaEA
23 Je AFolth U= ofFL Uyt tiv]
ot AW dig 71Ee] b= YA &3 o
T A AFFTL A FF7E FAnXE 0.01
f/cc7t vHAE ] Sk (B, 1995).

AZAA AHEHE AEF BAHE 2L Hn

Yoz HEe] FH AXH 7F, AEY AT,
FARF, ALY =F3} T EAZ g4A F2u
A fel AEMRE ez AAZ 227t A
€ %ot "FaAE dEUd AHe] ALeS
AL Jon, B o AMFE AW
TR AEAA e A B BEGHIF Fo
d 3 Az fARES dast, ZE7 FA
%s Ate AA, ZH, 1497 & Austn
Ao (Morse, 1994). v F2uztelxe ol
e A4 =7} ol ofF = AEUlo] AL A3}
I glen A" AFAE FABE7E & Hol
UA F3 AAHJ] B 5] Az g @HAS,
1995).

Syt A Ade] #¢ AFE o E vl
oFstr] auwl giREo] ZEAE e RF FHY
A0 g o] giFEelth. AR &dolE
Az37%, BAFE o A Adszrt ZAEA
om (Ugdd o]g, 1991), ¥t thy] FME
2FFo] B2 Mg FAAG T F=7t AN
At (F92F AFF, 1989). ZE|m F o] 94A
H 1Y AEAAE B AlFshs Aol T4

€ A A7 = (F9%,1993) ¢ =3 Hlm
3 AFAAE A dFAEWAA 7159 A&
T (AES, 19955 ZARE o] ARolt)y, A
7HA] BE dFe FAENEL AFAYA  (Polari-
zed Light Microscopy, °l3} PLM)<, & #EA
< $173A14n 7 (Phase Contrast Microscopy, ©l
3t PCM) & A3 Th.

2o AEL(1995) AEUYAN AFE A=
F Ayto] o] PCMe HE3AIQ 0.01 f/ccolstz
A Aol Az FHoe PCMe| ¥EETS A4
st om, EF tir]Folv AEWele HHHAMH
7t Bo] EAgt ARl FTHE WHIHEA ARE
AFslor she A= AAEPA  (Transmission
Electron Microscopy, °13 TEM) W< A&
A& AT

met & A7 fEive dEdEded] vay
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AZAAE AHEE BN PCME o831 &
A 713 4% T=E TEM2E A &% 5
7t B71E HEEEE HEsd duwAdE
T2 PLM2E FYEHE $INEW] 4A%
% %3 TEM Energy Dispersive X-ray
(EDX) £4< ¥l 343 dJ3i=s 3t

I. chet 3 U
1) iHE 9 §83e

B a7s] gARES Agd 24% 0y 328
Z 2 14RolPon (WYWL, 1995), °|E AL
A 713 deEss) 23 & A]Y Edd ¥
A7 & Fd ATH A34=0} &5 g
Frz =z ARRAZo= PeHe 2H, A
239 A7t A% oAz g8 A% AU
TR A e YHE 4 Yt PE el g
F2aH AR, '

2) ¢y

a A=AFHUY

Mol L vF NIOSHHAN FAse
NIOSH 74003} 7402 *E€ AHS-sHd 7154RE
ZASRES (NIOSH, 1994). o Wg& A3
25mm, 71% 0.8m, 282%2 @u#AALH (%
EUH-385m) & AMS3te] 50mm FHEOl AL
xFP712 A= Wiz B AFdAE B
M Algd] AHA F5E B2 1-25 HEE
2o gL vAA gEE 73] FREAS 2
ol 2B AL AGAE HAEE %
o] EPHET, 29de 7 162HY IRTF H
EZ2 AHEs] 2P

Ne FRALE #BE 2IARS AHE WF
EPAdA FHze Wy (EPA, 1982, 1987,
1990, 1993)% AMg3ld AxY=sel T BS
E2] WA wat EC] At AEF AHI}ES
stden AE AHriTe Ad Az AR
o},

b 24y
715 4% 449 ¥4& NIOSH 7402
(NIOSH, 1994)Q) TEMWHE AMgsiRen,

TEM A8& ZHs7] fAsixe ARAL (direct
transfer) & AHS81d o2 ANE4E W
el o TPFH PYEE AF MHE/EjoME
2 3934 1 273 (mounting) A1 Fel vac-
uum evaporator ZojA @43 (carbon coat-
ing) & ¥ th&oll, &8 Hol=Z2 7124 M=ES
¢ 3-4mm 3712 AYEte] 200 mesh 72 AHA
{grid BF& opening BH=6675 m) o] &3 ¥t
k. @4+ 29E d4 949 HEE oMEe] AAA
3lE Jaffe wick washerd<is 359 A& &
AAE AdA A2 Fo| TEM 242 ¢ A
2= gk

26|18 Age 400u& PCMAA =9 3H
€ ;A 75% <jde] ¥sdda wddd
TEMe2 #Asgch, TEMAAE Ad 10,500
vl Hj&oAA Zolst 5 um ojideln Feldl AAFujs}
3:1 o4l sHex A ARE AY, A7) (count-
inge ZA A7A (openings) 71FELE FEd
opeba Ha gHA Hd 1008747 Ao, 4

#2l 47 10008 Yo AT 4o BAlel A

71& oAU,

g2 2% 715 A8Y 4% TR #de AS
NIOSH 7402 #¥ (NIOSH 19943 #ISEPA-
AHERAWH (EPA,1987) € B-&sigen 4+
E299d5% EDX 3374 (peak height) 23
& #4934 4% FFE BPANUSG

c. =Y

71% dfeEe ABE PC-SAS 6.11 998
Z2IYE o] 83 EHsi FNF R £
THEA 23 d4 AFEEE P wg FF %
= 718878 SR ERAR ehidY. 2 &
Agaed FE Aol TLAEHLE dF:
Scheffe test® THFH|=ZE 39dh. TEMI PCM
kel #AE SedAELE dAsEY. 2E B4
BH e Fo5E 0,050 AA 8t

1.2 =
1) ch4ZiE2| vty &3
® 1o dBe] 2¥dE, F42Y, 44 %
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T FAUF, ¥y A9 99X € W dd, 1
gln A #dEHE stk dAdEL 85d
ol™ell H&F Fo] 5X, 86-90d%xc] AXH o
5%, 211 90 o] %o HAEE o] 430Uk
A&t FARe] @7|AlAo] AXE XL 123l
on aF 71E §52 AN ZAn Ak $39 6
FARt 7EE T YR, YHAE JFEAITIA &
I STk

1y A BX FFS HA A AE9
79% 11N &A 3w} Yo B AxHo A
on o]F Vlde ¥He AR Axt AxAA, 1
g & g MaE o7l E2A7A B39
A Axee] Stk vHA 374 (21%) A=
TR Jlogt AE o] It

Axd vuy 29 Fele 10704004 A3
o] wj§ FAAY] AL Az AxH YA
3, UR] 42 e AgAS dodA AEE o] 9]
Jed £o2 A B A oAt guit A¢
o} o & dagt ALt 2z 230l At

Table 1. General characteristics of buildings surveyed

x2E W3y EF9 #YZHE A BIEH

F5, B FEFHoz AE/AHAREE A S,

C: d=g WHo] 25% o439 759} Zo] 37HA
2 FEIEES o, A7} 10%, B7l 3%, a28x C
7F 1 °l%ith CE FEE X2 AR AF ZAlel
£ A9 40% ©1439] EWo] AsA mE=Ho] U
=3

2 EEMES =Y At

AEY =" WA AFHAT EFAAE(Bulk
Sample) S NIOSH 7402 4ol wels TEMS
2 B35 Y. TEMS EDXelA Na-Mg-Si-Ca-
Fe-Alell tigt Ztzte] HFXE Sis 1022 7|&8
o H2 e AFE F20 FEIAT. EFAE
£ B4 23 144 ANEF 127094 R
271 3EA 4 (mineral wool) 7} AEHAx, 17
A gollAqt WMAE (chrysotile) ©] &% AZEEH AT

FEAfE St FAEE olF JYeH, AF
H3E & T e FEHRE Mg, Fe, Al 5°] &

Bldg. Year Parking No. of" Venti-? Surface® Location of sprayed surface

code built area(m?) cars lation condition 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 @ beam, soft, damaged(>40%)

CK 1987 6600 60 Y B ceiling, soft, damaged(<10%)

EH 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, soft

KS 1991 730 22 N/A A ceiling, soft

SO 1990 990 40 Y A ceiling, soft

NOTE: 1) No. of cars: Average number of cars parked per day
2) Ventilation operation: (Y-operating, N-Not operating, N/A-not installed)
3) Surface condition: 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)
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F Z&sx J¥d. DW, HS, CKE A g7
9 ABolA 23D FEHRE AF9M driH
£ ¢A(rock wool® 44 (0-1.0-10-8.3-4.0-
4.0) ¢k o AR} (98,1993). W DW,
HS, CKAE4 9] FEHF= Mg, Fe 59 €&
AFX7 Bk stk CH AEdAe 94 429
7} 0-5-10-21-0-0¢] EDX & Rolx glojA A

3

A ¥48d 4/ (NIOSH, 19995 =33 3l
3, Sist Catte® 749 FAE {7 ¥4 4494
A, RE ARA FEL22 FEH Caw 2
A AR AIRECA ¥1kE o BT

398 12 BdA =M B2 Fr1REHRKS

288 WNE(CHAD) A ¥ TEM/EDX 24

#g HoF3 gt ¥ 28 AR 3718

Table 2. Summary of results on fibers for TEM/EDX analyées

Bldg. Type of » Normalized Elemental Profile »
code fiber. Na - Mg si - Ca - Fe - Al
IG GF, MW “ 0 24 10 12.8 1.6 4.0
ss GF, MW 0 1.9 10 '16.2 43 33
DW GF, MW 0 2.5 10 525 75 50
HS GF, MW 0 6.0 10 19.0 9.0 6.0
sU GF, MW 0 1.0 10 3.0 - 0 23
YW GF, MW 0 1.5 10 185 1.5 35
CK GF, MW 0 1.5 10 223 10.0 3.1
CH GF, 0 1.0 10 110 1.0 2.0
CH, 0 5.0 10 21.0 0 0
SY GF, MW 0 Lo 10 12.1 2.4 35
KM GF, MW 0 1.0 10 270 2.0 3.0
SB GF, MW 0 1.5 10 10.0 0.9 40
RE - GE,MW 0 - '
KS$ GF, MW 0 1.9 10 119 0.9 41
SO GF, MW 0 1.7 10 11.7 1.3 4.6
NOTE : 1) Type of fiber : GF-glass fiber, MW-mineral wool, CH-chrysotile

2) Normaized based on the Si spectrum, NIOSH 77402, Asbestos by TEM

a. Mineral Weool in KS building
Fig. 1. Resuits of TEM/EDX on fiber in Bulk Sample

b. Chrysotile in CH building
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A B FEHFe B4Ee] Rgojr
3) B715 Mwske EM2n

E 39 71F ANBd g d55= B4 d94E8
ok}, AsFAAFAS AHET AR 17A4F 4
M (24%) € TEM XL 8 A2 T7/F
(400L) ©l&te] Almojglon, thiEe] Fu|g A
B¥ ARE=ES WS BobA 5 f/me o]t 187)

(44%), 5-10 f/m7t 1470 (34%), 10-15 f/m7} 4
A10%), 1520 f/m7} 274 (5%) =2 20 f/mr
o] 374(7%) 24 NIOSH 74029014 AAshe
AHLE 100-1300 fiber/me o B2 Rulxe
ST

271% B58 B9 ASFAAN 0.0016-
0.0147f/cc AAE T, 4d AFHY FEE
0.0010-0.0151 f/cc, ZElm Asje] FHEE:

Table 3. Summary of airborne concentrations by TEM (PCM) analyses

Bidg. Airborne samples TEM (PCM) - flcc

code Parking1 Parking2 ' Indoor Outdoor

it ; ; 0.0028 (0.0035) .

S8 - - 0.0076 (0.0061) 0.0016 (0.0020)
DW - - 0.0035 (0.0057) 0.0006 (0.0000)
HS 0.0023 (0.0044) 0.0031 (0.0025) 0.0070 (0.0076) 0.0054 (0.0099)
SU 0.0085*(0.0069) 0.0083*(0.0075) 0.0046 (0.0024) 0.0031 (0.0033)
YW - - 0.0086 (0.0140) 0.0042 (0.0062)
CK - - 0.0024 (0.0043) 0.0023 (0.0053)
CH 0.0147 (0.0134) - 0.0151 (0.0288) 0.0010 (0.0013)
SY 0.0031 (0.0075) 0.0061 (0.0084) 0.0010 (0.0007) -

KM 0.0051 (0.0066) 0.0060 (0.0059) © 0.0113 (0.0144) -

SB 0.0130%(0.0127) 0.0037%(0.0024) 0.0025 (0.0064) 0.0008 (0.6037)
RE 0.0065 (0.0048) 0.0016 (0.0011) 0.0023 (0.0060) 0.0020 (0.0016)
KS 0.0017 (0.0022) 0.0034 (0.0039) 0.0052 (0.0111) -

S0 0.0036 (0.0033) 0.0083 (0.0049) 0.0011 (0.0051) 0.0015 (0.0020)

*: Sampled air volume was less than the limit of recommended volume of 400L.
*: The PCM resulis were taken from the article by Hyunwook Kim (1995).

a) Mineral Wool in S8 building (x1,750)

Fig. 2. Results of TEM on fiber obtained in parking lots
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Table 4. Summary of airborne fiber concentrations by TEM analyses

4) TEMZ} PCM Z&X%|

Underground Inside Outdoor of "l
Parking lots Building Ambient air
1439 g AEA
Number of Samples 17 14 10 AHsted BAF 417 A
GM( f/cc) 0.0048 0.0040 0.0018 y ¥
} A
GSD 1.93 227 2.04 i:ﬂ e TN “47‘]?
Range (f/cc) 0.0016-0.0147  0.0010-0.0151 ~ 0.0000-0.0054 & 2A&l HIPCM ¥
No.<Minimum air volume 4 0 0 A ete] #AE IAEN
(400L) e A A 3EFAF N A

GM : geometric mean,

0.02
2
é 0:015{8l 5 £ T8 2
=
o
© 0.01
=
(]
g e =
S 0.005
(6]

0

parking indoor place outdoor

Area

Fig. 3. Average airborne fiber concentration by area
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0.016
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*
0012 g
0.8 s ¢
®ele
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‘g “000 ¢
*
ptti® :
0 0.01 o.e 0.8
PCM(f/cc)

Fig. 4. Plot of Fiber Concentrations(>5 im in Length)
determined by PCM & TEM

0.0000-0.0054 f/cc EHAt. TEM £l &
371 Arexrst dE FTEEE T et 2z
IFEE HAFEE 7T 7B EEUAE °
23t YIS (B 49 38 3). A&FFAA)
A 233 HEEs=7) 0.0048 f/ccE 7 =8k,
ABYA AT =7} 0.0040 f/ccE F 183
o BAHCE {F AolE HolA Utk g
U AEd di7iFdAN 53T VsHIEsEE
0.0018 f/ccE Ho ¥ T 257 vlmal AR
o2 folstA WA AT (p<0.01).

GSD : geometric standard deviation

AZAr(EdE 9 RI#
°] 0.74 (p<0.01), A
o4 0.58 (p<0.01), &5F71e1A 0.50 (p<0.05)
2 o BAE B 3T A2 #ARle]
AA =€ ez P2 9 AL PCM =
TEM x (1.1355)-0.2723 (R* = 0.52) °ldth. &
o7} 5 moldo] . H73u|7} 30143 HFHE i
o2 A3 TEM/PCM ¥®lE 0.2-2.2% vwWj$ =
HA £3x50] I3 TEM/PCM ®|7} 0.5-19] 73
< 41.5%, 1-2 3= 39% °lUdoh

)

£ d7e v d3dEed AR Lol
F2A 52 AFoY 715 W BFEIALESH
3 Qe ¥ny ASAAZEEH HAHEe 375 A
fE=E TEMOoE ®A4317] $i3te AAHU
715 A9 52 4A AEEs s A
4 AEd BEFE EUEAS AFsl) EFAER
A EAF A, 1) A8 BTN FHRe F
71 EA /7 AR en, 2% Ul A8 e 9
AWo] 2% FFhEo] AT whEhA EAToA 9
AuuEge 7% A2 AL (1995)0] TUA =
oA PLMCoZ BXF 10%9 MAddEs EPA
oA ZA w|Fe] HEo] Y 20%E LEL Q]
t} o]z ZAdE PLMEAA DW HS &)
A #Eg WMol TEM BAAle AR &3t
7] g&olAet. &3t Aol PLM €44 4%
o] EX%E, EAAIEU Eoide FEA F
F, Ee EAANEE BT 9 AFHEA e
T 5ol 71903 Aoz FPE

2 dFoAN AFE tiRE ¥ny BF A8
A AME fEdRe BEARE ZAME D20

— Q=



AFEA A7l olu] dE] AlgEHz gld AER
BT}, o] e AMILE AFFae] Ui BFF
SAE ez ZARE AT (F4%a, 1992) oA
90l Zo &4 37/ WE ZF/F fElERS &
Hog pAFgen, SEM/EDX ZAbdA HQl
PAAEN7E A7 qiddEd AMSE AR
o] FARE A= & glth wEtA FAEE
o] AgHe AEAAFT AEAF AAVE AR
=294 g o AFAAY AFEFIASL ¥
WA Tl F2 AEEHD 31E o2 dddr

Awo] AHEE AAZE AR =2HA &= FEH9
A4 EU AAAH FOE F71FeE MHo
H e de AE oz AlgHY, ¥¥ A%
H7b £ AU A8 fX BE5E we AHo]
A 227 S WHALE AAEtn ok
EF A7 FEldRS FEARE dXEHA
A 90 % oA AET HEEC s A
Woll g o v &o] E AR ZAFE
A= Aot

B zAN 39 AsFAgelAY] 371F A
FEEe BT 0.0048 f/ccHa, AuielA 0.0040
f/cc a8z AE FRIA 0.0018 f/ccHTt. °lF
g Axte §Y AEdA PCMoz £3% AR
te dAgez dgtov (F¥E£,1995), ETAR
7b AxE A3 AdEdAMY w= H9A(0.001-
0.0084 f/cc) Well &3tx Aok (FAdRa, 1993).
TEMo 2 B4g A3Fatdelre = 338
A gel 89%7F PCMS] A &F3AIQL 0.01 f/cc °l3t
o] =g Holzm gt EF Fxol we o2y
TEMOIA @79 /S AN wrict Hdle &
T, & BEMTZE (analytical sensitivity)<l
0.005 f/ccoll & mlAe AEFE & 61%° 23t
Aok (HEL AR, 1990). webr dEelxs}t 2o
AxE EAMoe PCMEY TEMS #24o] HlgE3
& AoZ Alsdrh

QAAEY A TEMeZ 23" Hf9 v=v
S3F 0.0040 f/ccolA Hh2 0.0151 f/cc A
o, o] dxe FYA RS disl PCMo2 3%
A3A] (AES,1995) 9 vng o W X =
2 2jou, Mud o] E54E 4437 555 F
AEL ez o7t 5 mo] 3 A7+E TEMS
2 A4% Chatfield®] B3 %= 0.0034 f/cc, L

o A
== T

g3 1986 tE AEUdlA A E HAdF:
0.00243 f/ccste W% FAIG T2 B
(HEL AR,1990). 84 m|= EPACA F30E8
o] ial A Auvsx= 0.00028-0.00056 f/cc
(Hatfield et al, 1988) z2lx Jaffrey (1990)7}
AFE7A HAF= dddE ABdAN FHF 5=
0.0005-0.002 f/cc¢} Gazzi, Pinchin, McCrone
(HEL AR, 1990) 5°] ARt 0.00004-0.0004 f/cc
Hoe 52 Z234XE 2d9. ¥ Burdett &
Jeffery (1986) € H|AAEZ AMER 7§ AECA
0.0052-0.0198 f/ccE, a8z AFFIAERFE
dIdAZ A Fe AEd sl Jaffrey (1990)7F =
AFgE 0.0015-0.049 f/cce] = HYRTe & 2
TR 7t R ekt

AERe] WA FAN SFE Are= HY
£ 0.0000-0.0054 f/ccR L, 718H8a#k= 0.0018
f/cc2 TYANEE PCMoE &33F 0.0033 f/cc
B} o) ¢ 3kt (HES,1995). & A7EIA= A
Ut =AxHe] = 0.002 f/cc (Corn,1994),
TAA wxzolA EF"E 0.00055-0.0062 f/cc
(Jaffrey, 1990), Z2]3 San Diego®] E=AlFE
0.003 f/cc, MEZFAAZT G2 0.001 f/cc
(Howitt et al, 1993) <} Sebastien®] |yttt =A|
X ZAHE 0.0012 f/cc FEH HlI&IAT 19
U EPACIA 48/ AIE oz ZAg
0.00039 f/ccet AMYch =AlelA EI 0.0004
f/cc, AT FF B FAAGAA Yerd
0.00015 f/cc (Burdett & Jaffrey, 1986)<] &
=R #848 =34th

olFA AFAITE FARE A el g A3}
kol T2 A2 TEMel &7 A4 e] 2t} 3ty
gx Z A8d EUAH 2 dEY ¥F 28
W, e So2 A% Fre 3§ T B ¥Vl
JFS vHE Aoz FPEY 1 FUAIR
3 TEM 237} PCMS SAX|Eoh AAH o
2 9L AL B feE¥HY dRrt ARl Hin
A AX FEnZEez 44 BAE F AW o
Zolg 32 Dodgsone AM&3ddzm 3o
(HEL AR, 1990). Z3u £ Q7o 2ok F83
AL FNF AR =2 FLUA FH A ¢
E a9 dAANE AAG FAFE e
PCM3} ¥l Algst== 3 NIOSH 7402 %

=HD72 =



H3 EPA-AHERA ¥WHolA ARt e 71F
Helol diFE & vX e ARSIk

Z, B dFdA BRIl 715 Hdiek £Xe 4
Ae2dsrl 2% NIOSH oA AAlsle S8
(100-1300 f/m)el]l VR X vXz e 20 f/m?
ollgth TF B ARE =T Hdi5-E ¥UH
9] Blank & (5 f/100fields) ©l3te] ALE=HL
o, HAFo F7RF (@00Lelshol Rxe A®
= Y T olgE EAANEY 5 A
H ARE dadez AFE EPA-AHERA Wl
o3l & A5 27%7F HAF7]1%(560L) ©lake]
Alagen, A-3 §3F (1200-1800L) ol 3= =
v &L sUE glth BlankZ He HRE=(18
s/md) o] Aol AlgE GA 10%°] EFdstedA i
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