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— Abstract —

The Factor Analysis of Airborn Fiber Concentrations at Parking Lots in Seoul
Ji Young Moon and Hyunwook Kim

Department of Occupational Hygiene, Graduate School of Occupational Health,
Catholic University, Seoul, Korea

This study was conducted to analyze the relationship between the types of fiber and its con-
tent and the levels of airborne fiber concentrations at eight parking lots where sprayed insulation
material was found on the walls and ceilings. Also this study was designed to find the relation-
ship between the levels of airborne fiber concentrations and such variables as air current,
humidity, total exhaust volume, surface condition of insulation material and building age.

The results obtained were as follows :

1. No significant correlation was found between the levels of airborne fiber concentration and
the building age, air current, humidity, total exhaust volume, space and the number of “-affics.

2. A significant correlation was found between the levels of airborne fiber concentration and
the MMMF content of the insulation material(r=0.7594). However, no significant correlation
was found between the levels of airborne fiber concentration and total fiber content of insulation
material.

3. The differences of the airborne fiber concentrations among Cateogory 1, 2 and 3 classified
by the degrees of surface insulation material maintenance were very significant.

4. Two bulk samples contained 30% crodicolite and 1% anthophylite. The MMMEFs, in all
parking lots, included mineral wool, cellulose fiber, trace cellulose fiber, trace fiber glass and
vermiculite.

5. The mean value and the range of airborne fiber concentrations at 8 parking lots were
0.0239+0.0095f/cc and 0.0054-0.0447 f/cc, respectively. The fiber concentrations of 35 out of
38 samples(92%) were over 0.01 f/cc which is the Environment Administration's recommended
asbestos level for the underground space.



This study suggests that most of building insulation materials used in Korea, contain MMMF
and sometimes asbestos. Currently, MMMF pollution levels may exceed the Environment

Administration's recommended level for underground space. It has been found that airborne
fiber concentrations increased significantly with MMMF content and with the maintenance con-
dition of surface material. Therefore, it is recommended that a proper management technique
should be developed and immediately implemented since the conditions of surface material will
be gradually deteriorated due to building age and usage. Since health hazards of the MMME,
similar to those of asbestos, are being gradually acknowledged, a proper management technique
which is applicable to control total airborne fiber concentrations, both asbestos and MMMEF, be
developed and an acceptable indoor air standard be promulgated as early as possible.
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i A AARE AHgHT gl A8 dRE
7hedl 7 fed AL Muolztn g#A i
Aol 2] gl AARE AMEH gexe 3
g3 & 4 glov 7igA 30008 %E AMREHIE
Holeke A7l Y 28 AR/ AL A}
4% AL ddd gEJSE A" £ g
(Lee &, 1979).

AAL AAA A AtEse AT FEAY F
ez, B9 383 549 A=, a84E, W
d, EdA, 994, JgSY, ey, add
8, e, WA Fol fsie] ddA, 17
A, 22, #29 §F EEL Aolde =A-A,
B4, vdokA] Fo £x2 A&HAA, ehEA),
BAE, =8 5o FHARE PEHASA ol 8
Ut (Dunnigan® Seymoar, 1990).

o]s} e MWl oy rix] A wiid], HWA
F2 98] ANE ddd 83 AR AHeH
2 ey HAAEe Fwe) &4HW AHHd
(fibers)o] F7|F22 W&smn, F7IFd R4
A 23 3E7E B 2o 4FA My
% (asbestosis) ¥ oz H, A FHE (me-
sothelioma) 5% d27le AR ¢4 sich
{(Wagner %, 1960 ; Selikoff¢t Hammond, 1968
s Becklake, 1976). ©] wise] MW AgetAE
A¥el 5 @7t avse 53 sehede 3
vz 3= Ut (=B, 1991).

MEo A3 AW vd MAg HFste 22
2 #ako] ollel MW FF Fe FUJqAE 1
HE & APl dom, Axoje gyt t7) Fo
ME Aexel Mdd A7zt Ezgd, F9F3
2 %o &g ¥ded £ Ude Hax YUHEn-
terline, 1983). Tifo] &2 AZol} A&2A ¥
A AHEEE d&E A AE s Alen
oA el NA A{aol dAgw glont o}
A7 FAE AR gn ok B8 FEAA
B A, 3, =48, BFA, %z, 33,
WY F Aol ®Bo] Zole AudMzE W, W
3, WEARZ AHSE ABAE Fo] Algte] Ao
met k=¥ o], FVAY Fo2 44 viesn B
XA o AE AH2 F71F5e) ARFge Qe
£o02 FYHe AWE dodn A HAE,
1992).

HAel MHe 2 Bu], Ty, 3F B,
agm Evete] ASHENA BR)A ] A7z
7t e AL HAEY] A3 AHgEAY & A8
o] ZAE Yoy} Mg 3R (fireproof-
ing), &5, AHQ viAAR 2R M7 AAH
7 ARSI o] BFA HA YAFEL A =23
AzHM 4A B2 2 BEe G QS
Ne AIEANA AE F= MU UAE W&
& 19709 2FE diREe] Ugddae 7
A ME AAAM Age] FAH ok, v]Fe
1973958 AXAANZ AL ALS8A] IS
FABIH o AxEe] Sl ERA MAANEE 3
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& 94, A, A dobNe B#ARle]l o F
4L she A1EEN H2e dEW e ARRE
A AR NAAZ2E 248 ¢ dFRIFHHEETY
¥l3], 1989).

A vz ddge Sl Slo] BrAAE el
o] 0.19f/cc, EF AFo] 0.13f/cc, =FF°
0.08f/ccd] MWel wx&5a, MAMA UlMe
S2lA 0.5 f/ec, HANA 16.4 f/ece] AWo]
S5 n ok B 0E AE HurEe 49
o] 0.00004-0.00243 f/cc, T FAEol 0.00051
f/cc, FAE HEo] 0.000 f/ce, FT4 TEQ|
0.00020 f/cc2 &%l Ho v|F FHARITA
(EPA) Sl & A5 0.01 f/ec® A8t &
gdatn AcH=%" 47 473, 1993).

3 Muo] dig THAZE ZA3EEA A E
22 MMMF (man made mineral fiber)ell g
M} AFo] F7HE T olo] tig 7% F71E
o} dutd oz Pol ALEE T Y MARMERR
A fel4df(glass fiber), ¢ {rock wool), A=}
9] A-§(ceramic fiber), & (steel fiber),
polypropylene fiber ¥ %44 f (carbon fiber)
Fol ATHeAR, 1992). AL #F9, g
5o 4Me 83l dRsEHn, FRldAe T
AL AA 5SS $83% ARE, B #0428
wn, AdFdol7t 100m ol4=e] F717F 0.1-1m<)
AWahe 327184 A FEHe ) ol A
2ol W 27te] B4 (loose-fil) ol HE&A2 AME-H
71 918} phenol formaldehyde 4 (v ¥7]3
binder) 8} A¥sol AEUFo| FEEGH(KAE,
1992). AT olF AF F71A ARE AT A
ZAANME AT FAE Fee A/7E Sl
o2 A FYE o gl E dod + UA
Ho i o]l AZAM BAEE 4R % B4
T ZAME ga4do] S Sl

7 71 e A9 4/ 52 0.0004-
0.0005 f/ccoli, AE HAA E& 7je} A& &
o] SlE AYAHQA AEd doide FFA7t 0.001
f/ccolslell Zzgt olE 49 iy dolst
Gumo) 8 AEol3 AlgolAl fgsivin tEHe ¥
Aol EXe geth@EEAEEdEels], 1989). 2
Hut Wy-13 d94sE AUE I BFE
s go g AMREe A0t Ba dEY d%

oluf Ha]ie] o3 MHE Fr] Fo PR
R M-S B UE AN e F
A7} W&o, A FAXAME A AG A3
3 #371F AIAEFE 0,01 f/ccE AAIst] #e)
i UVle AT (AAVAZAPIeUA,
1994), viEo] EHEHQ dolM £ W /) A
fr24e MMMF7} chrysotileit} o f23ig 4
Atkes AT LEE 8 (Leddell®} Miller, 1991)
B3] Mg TP 1 99 HAE BY &
Qe AU71EXE dA st YUt FFAA
€ o83l AIFES BEsol € "WaUl qtin
BT

T MAg) {34 dis) @de] axdn e
7Hed "A7MA EanE dFe A[RY T 5
M9 Z2of FF Fo] HREE AA e )
of Mz} dut 84 tir1Fe] A EX HAuje] @
AFE WE HE HolojA Ut giFo] o= F&
9 Mo E2 Hexe & ¢ F e A3l
(HETe K94, 1989). old & zAMIME &&
3} HAYXE oz Mol BF4 AAEH0]
AlFE lm E=3 duiglel £9)o] e A& 4
B G ARtk dd B X¥HS e
229 FFE BF%n A9 #RE& ¥H3A 7
N AereEoe]l BEAE doldn, =3 Fa%
&3 A, F oy, AF, NERA0H, F
%), AEe 4%, dA2de] XHH A o}
2 F ARssete] #EYE T ME Al
el 7 414 B4R 9 A3y HREEE
vepgto gy, Lgel 3 2 FA 7|xAER
249 e BHo sy
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B4 25712 E& A A7t deiA ¥
E § Fo 3 5-10g ARE VAo AHEA
FHlE &71o 290l HA ¥=F Wi B3
Agel A8 ]S Illinois$¢ National Loss
Control Service Corporation(NATLSCO)l <]
gl nF FYPAGIARAA T4 (National
Institute for Occupational Safety and
Health, NIOSH)S& ‘Method 9002 (1989 a)3}
v]= BHHEFY (Environmental Protection
Agency, EPA)2] ‘Test method 600 (1982) ¥
A ol o) HFAWAE o] &-3te] HAAETh

2) XYY FIAME FAF W FNF A/EE
E #4387 fstal 2 FAFL] dEHA upd
random number diagram£ °©]&38la] A BAFH
Mol X & HANAG. AR MHE filters]
A2 weldly K%L 1-2! /mine g 24 (SKC
digital calibrator, USA) 3 A& F71A3H ¥
Z (SKC model 224, USA)ol A% 25mm, pore
size 0.8me] mixed cellulose ester membrane
filter (Milipore type AA, USA)2t o] 50me]
cowl(nuclepore, USA)& open face® &3}t
2ol 1-1,5m2] HR A 7-8A7F Bt 4AAE)
ek

AR ¥4 NIOSH®F OSHA (Occupational
Safety and Health Administration, =%4 44
(FARHR) A FHdE FHAIYHUY NIOSH
7400 Wol o8] 44a1ER 7 (Nikon type 104,
Japan)-& ©]83te] AAEHTH(NIOSH, 1989 b;
OSHA, 1991).

A& acetone/triacetin WRHoZ FREAA
A &% o2 Walton-Beckette graticulec] 4J€
421807 (Nikon type 104, Japan)$ ©|§3
o] 400u1] W&ol ‘A rule o mEl Zo] 5ol
4, Aol th Yul<l ¥ (aspect ratio) 7t 3 :10]44<
kg Al&stgrh

3) B7E MFske AN :BnHoR AZF
Afsre 37 AFFor 75 e U
A& A&l 7k
- (F) (A)
~ {1000) (N) (FR) (MFA)

AC=E71% 4#5%(airborne fiber concen-

AC

tration, fibers length)>5mm), fiber/cc
F = A&% 5melde] 4/
A = filter®} FATH
N = A&3 Aok
FR= 929 %% (! /min)
MFA=#8u]3 o2 AZ§ 1 Aloke] A& (Walton-
Beckette graticule¢! 7% 0.0086mm)
T = A|8¥3F A (min)

4) B71B MRszel 22X AY §335 ¥2
T HAVY B9 2= FANERTEG g4 A
¥¥ (lognormal distribution) & 31 glen 2
7159 A9 EEE 5 FTEEE Prhn Bo
Hz gtk wEd B 2ACME d59 23Ae
Hi, BEEHAS 718198 # (geometric mean), 7]
StEEH A} (geometric standard deviation) & %
o] Alatstsich,

5) 7|¥x(7|1Fet 1) 5 3VARY &
Auoict FE F¢, F Im AE YojA YA
A7 AEHD UE W AEHA ¥ g
uro] Zzbe] 7Rt $E8 23 (SKC ALNOR
model 360, USA)3le] HFX& 3ot

3. SAHYY

718 Afexd dgS VE F e A8y ¢
&, F W, 3 Y AFE, NFEZL(EE,
71%), BAMNESY AH /& F& HFE 39
F3E A8e SAS B4 Z2oygoez 7 wigo]
PHI BEHALE Faglen, 7 W$ Alole] A
#AEA 9 AARNE HAEHY = dAE8Ae
#ejdelel e 3709 HFEE Uro] ANOVA
test® AAIEG T

RS

£ 479 i3 FAg 8ol g =i ®1x
Zeon HE A-Ge AsFAd, He dAo) e
%9 FAF el

Y e =FP=E AFE dxEE B,
70 Ao o] 1E, 80ddel] Aojy Ro
5%, 90ddie] Ao o] 2%elt. Brl 1976
d 10¥ A PR edE AES FAFCIUL
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o}, t}ge 2 D7} 1980 8¥, H7t 1981d 114,
E¢t Fr} 1985d 54, GrF 1987d 129, C7t
19919 10¥9} 42 Aojgen Arp 19934 11
48 71 HIo vrEoid AE FAPFeIUTh

2y Ui Fage EFAEE HFEveR
BA3 Aos MW ol i MMMFE 5§
1=

B FaF 8% F 2% 49Wy MMMFE %
A gt dlen Uz R e MMMF®
o] #AHALr. MH FF EZ(Asbestos Conta-
ining Material, ACM)°] Fx% A AlF€
2L B FEA Be #3A8dE crocidolite’t
30%, Fe] E4A89¥ anthophylite’} 1% %%
Ho] 9t ol €8] MMMFe diid Fa%
8329l EFHAF EF T Uen AN
MMMFe 78 A2 mineral wool%te] A}
2% Aol 5%, mineral wool® trace cellulose
fiber7} &7 AME o] 12, cellulose fiberst
trace fiber glass7l A A€ o] 10|
izl 12E cellulose fibersd HoldAlE 2

Table 1. Characteristics of 8 parking lots

$2 ¥ £79 vermiculiteZt A AL8E A},

U Fagel 7% AR vEv ¥39 P

7HE 2E F AREEE UEd 2L DEX
0.0369 f/cc7t ZAMHAR ol HY 0,0321
f/ee, CH 0.0309 f/cc, G2 0.0275 f/cc, E4
0.0234 f/cc, F2] 0.0201 f/ce, A2l 0.0140 f/ce,
a2la BY 0.0064 f/eceddnt A #8832
9] 71% HF 4fsEe 0.0239+0.0095 f/cc,
Hele 0.0054-0. 0447 f/cc® e} ol AH
Hog L-vete] AW AR e HAe HE
¥ %2 chrysotile 2 f/cc, amosite 0.5 f/cc, =18
I crocidolite 0.2 f/cc Etie AT B74H9) A
3F3% s daxe v)Z EPAl AW Ay
71891 0.01 f/ccioheE B3R 0.01 f/ecE 2398}
E WA Fa3L A&Ex 7Y 2dE BE Al
ACD,E,F,G % HE ¥ 8% F T3 (88%)°13
ok EZ ZF FaAe ’S‘%;?EPJ GSDhe #Zz
1.2051 f/ee, 1.1876 £lec, 1.3379 ffee, 1.0337
flec, 1.1136 ffec, 1.1319 $fec, 1.0759 frec,
1.0268 feeZ 28 ZAskAlw ¥sic)

Parking Age Space Traffics Exhaust volume Air current Humidity
lot (months) {m’) (cars/day) (m*/h) {m/s) (%)
A 5 1310.8 50 1440000 0.15 353
B 210 4201.7 800 630000 0.47 382
C 30 3801.7 700 699300 0.25 30.5
D 164 4530.3 80C 2021040 0.55 373
E 107 22988.5 2000 2970000 0.32 28.5
F 107 7957.5 2500 3240000 0.22 474
G 76 34757.2 2000 3600000 0.35 349
H 149 137.7 40 N/A 0.2, 57.9
Mean 106 9960.7 1111 1827543 0.34 38.8
N/A @ not ok
Table 2. Type and content of fibers in bulk samples
Parking Type of asbestos abestos Type of MMMF MMMF
lot identified content(%) identified content(%)
A - - mineral wool and trace cellulose fibers 30
B crocidolite 30 mineral wool 20
C - - mineral wool 30
D mineral wool 80
E - - cellulose fibers and trace fiberglass 30
F anthophyllite 1 cellulose fibers and 30
G - - mineral wool 70
H mineral wool 80

MMMF : man made mineral fiber
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Table 3. Distribution of airbone fiber concentration of 8 parking lots

Airbone fiber concentration(f/cc)

Parking lot No. of samples
Mean+SD GM(f/cc) GSD Range
A 4 0.0140+0.0019 0.0139 1.2051 0.0120-00172
B 3 0.0064 +0.0009 0.0063 1.1876 0.0054-0.0076
C 6 0.0309 +0.0945 0.0298 1.3379 0.0211-0.0447
D 4 0.0369 +0.0010 0.036%9 1.0377 0.0356-0.1386
E 8 0.0234 +£0.0023 0.0233 1.1136 0.0195-0.0263
F 4 0.0201 £0.0022 0.0200 1.1319 0.0174-0.0235
G 4 0.0275 £0.0017 0.0275 1.0759% 0.0261-0.0293
H 5 0.0321 £0.0008 0.0321 1.0268 0.0054-0.0331
Total 38 0.0239 £ 0.0095 0.0208 1.7802 0.0054-0.0447
Table 4. Distribution of airborne fiber concentrations by surface condition of insulation materials
) ACM MMMF
Category
Mean+SD Range Mean+SD Range
] 0.0275 £0.0017 0.0174-00.0235 0.0333 £0.0067 0.0211-0.0447
2 - - 0.0269 +0.0041 0.0195-0.0293
3 0.0064 £+ 0.0009 0.0054-0.0076 0.0140 +0.0019 0.0120-0.0172
Total 0.0170 £0.0106 0.0054-0.0235 0.0247 +0.0080 0.0120-0.0447

Category | : significantly damaged surface material
Category 2 : damaged friable surface material
Category 3 : potential damage

ACM : asbestos containing material

MMMF : man made mineral fiber

a9 12 FNF ARsEY W HIFE B
Zu}

B2 ®39 A8E EUE 7 AE FAFE
EdAlaY TEE EFe FHS deddd] odet
FNE AR 528 ERIE R 49 20

Category 1& HAEZ 9 &AM REo] dAN &
WA o) 25%014e2 O Wert BEAS £33
=7h oS AZe A2 #2348 C, D, H,F7t o7)
o &%ty Category 2v HAAEAo] 457t Y
go] osjA 2% Fof siviE B AFox 4
A FxeiAe Adeolxgt &3HT 25%°15kl
xo2 Fa%3 B,E,G7F 4719 &%t} Category
32 FaAE FYshe APl VIR 5 BN
A er AAEZ RHol &A4FY sHsAo)
U Fo s Fag AZt 716 &3]

Cateory 12] ACM3} MMMF7} Al2H Sle
29 FNF AHFEze Z+4 0.02753+0.0017
f/ce, 0.0333£0.0067 f/cc2 - 23t 2471 Q)
A} (p<0. 001). Category 2914 ACMe] A1-g= o]

0.05

o
b4

0.03

0.02 +

Airbome fibar concentrations (f/cc)
F—}—
i
HH

0.01 |

A B C D E F G H
Parking lots

Fig. 1. Distribution of airborne fiber concentrations in
8 parking lots
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Table 5. Correlation coefficients for seven parameters

Bldg. age

Fiber Conc. Space Traffics Air Cur. Humidity Exhaust
Fiber Conc. -
Space 0.0946 -
Bldg. age 0.0737 -0.1237 -
Traffics 0.0425 0.8972%* 0.0447 -
Air Cur. 0.2669 0.0198 0.8413** 0.0845 -
Humidity 0.1216 -0.4148 0.3849 -0.4636 0.1007 -
Exhaust 0.0475 0.7776* -0.1793 0.8362+* -0.1447 -0.3361
* P<0.05
## P<0.01
Fiber conc. ; airborne fiber concentration
Bidg. age : building age
Air cur. : air current
Table 6. Correlation coefficient for three parameters AYgAAT, F7NF HAFsEZe EZANREY

Airbone fibe MMM(f Total fiber

[t cont. cont.
Airborne tiber conc. -
MMMEF cont. 0.7594* -
Total fiber cont. 0.5165 -0.0134
*p<0.05

MMMF cont. : MMMF content in bulk
Total fiber cont. : total fiber content in bulk

AE X2 B 2 iy F e E o] silen
MMMF7t A3 Sle 29 37F 4/ §&&
0.0269=0.0041 f/ccolith. Category 39 ACM
o] AlFH e FY F7F AF =& 0.0064
+0,0009 f/ccel MMME7E Al &S] Sl £&
0.0269+0.0041 f/cc® =% Fej 27b AATH
(p<0.01). =7 ACMe] Al#=o] Y& Category
15} 3 Ajolel]l w9 Refgt 27t A2 (p<0.001),
MMMF7}F Alg=e] gl Category 1,2, 34119
= o)% Fogk 2zt K[ (pd0. 001).

B5¢ 24 18 Fpge] 671 Alsek 3015 A
£ proe] AAPAE BoFED, FF HAEER
sk BAgle) & FAge] WX FIPargkrele]
Aolell & w$ foF ARdAL A (pd
0.001), 71¥& FAge ddd o folg da
HAE BAR(E0.01), w712 AAT fefd 3
BBAE(p0.05), BFAFros oS feld
FAAE VeE Aoz ZAEIATHp0. 01).

62 3715 MARese A8 288 A
FZule] AVAAFE Vel o B WY
M e ARSI UFE Hoj(n=2) ¥F-HdA

MMMF #4323 A2 #9448 33847 A9
H(PK0.05) BAAIRS] F AF $HFT 4Ed
Ae FistAl &sict

a8 2 EAANES MMMF 33 37%F
ARERE Aol AEBA (r=0.7594) & R E

[ ¥=0.0003%+0.01 (r=0.7504) |

o
o f
2
&* iy
]

Alrborma fiber concentration(f/cc)

0.0051
% % ® ® & w© ®
MMMF content in butk(%)
Fig. 2. Relationship between MMMF content in bulk and
airborne fiber concentration.
nl &

Ag AU dY F32F F OUE E57 A
E EXor R FAEZC] AMFHE 8X& WY
o8 AAIE 2 zAAE AFEAA e B
ANg7 H49-E& FH3tn e Eo) B F 2Fo
2 23590, A8 Be FaPgE 1976 AlF
d 482 B 2AMAAEF 7 odE dEoiy B
ZAA 8ol crocidolite 30%7F 3= 913, TWE
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Fol FA7e 19854 A|Fd WEE antho-
phylite 1%7} T¥= ] YAt ole Wizt % 9@
A2 2ol 74 HAAEA (sprayed insulation,
e BdAdsstnx @) Munj&o] 50-80%%t
I F3F A8 (1992) o ARG o ¥ e
Bk

3E BAARW 30%9 crocidolite®E /% B
B9 A Fabgel F71F Hf F=7F 0.0064
f/ce, 1% anthophylite® 373 FAE A3
F2Ae] F71% AREE7t 0.0201 f/cc® ZAS
o, 50-80%< HW FF&E Ad Edo| AHEHE
A& FRAANA LAEFA oEH TAHE FNF
AHEE7F 0.003 f/ec: 238 4981992 9
ZAMETHE O & golth 30%9 HEE x§
3t QlE B 1%9] MuE ¥¥sn e FY #
715 dfsEe H9e #%F AR 938 (=
0.7072) & vehfia glevt ole BA Azl
I AR 7t UE Hol (n=2) A2 J#E =8
TE glerng o By ARSI BAE 3l
AR HE gEEH FF HdisEdge] 9
BEE ol & "Wado] UE Aoz A
. BFEae) EdA gl E3do $lE crocido-
Table 7. Comparison with maximal asbestos fiber

concentrations reported in various public
building and this study

Reference Year Concentrations(f/cc)
Pinchin 1982 0.202
Burdett ad jaffrey 1986 0.013
Chatfield 1988 0.003
Chesson er al. 1990 0.033

Ganor ef al. 1992 4.0

This study 1994 0.0447

litet amositest tlEo] A3 A¥el & A
Aol vig} o ERez dBlH A MAHez 2 A}
& 443A FAn e FdrMe 1987d
11958 1 $9& FA 7] 9] BHEY 2
A2 E FoAM FUFA 23] A FRVelME A
Aol Rl BAGC] crocidolite’} FEE3)
AMEERIEE 28 & U WA N8R 159
olde] He =Fd HA #f WEES B4 A
Ag e BE% X7 988 Aoz Hzign

& ZAA BAA RS #4d A" HPHR
744 (Polarized Light Microscope Method,
PLM method) & vl=eid s 28 G4 2
< AAAF AT 7Y &4 BMdyes 4
e @A) T 2H LY (refractive lig-
uid) & AHE-E o Aol oA Jehite 429
WY T ol &% FEWyeld. a8y PLM
< Aol A HE HoE SR Bopy
7o) 1meldtsle Aol g Hfol g 84
ol B7Fe¥ 2HE 7IA3 o] Vi MERE
Aol AMREA] gm JUH(NIOSH, 1989 a).
TH AQH UM RS BN ALRE ¢43a1gn|
7Y (Phase Contrast Microscope Method,
PCM method) & filtero] X € HHE AlFdid
TETE A& WHoR filters] £93, 37
FdF, FYve HRA AA ATA(Asbestos
International Association)/ILO% = P &
CAM 239 whiol tigh zolAd diz) wgg
(1987) & A3 ¥lmg vk k. PCME PLM3}
v €8 dfe FFE EY - gl 9HE IR
I den AAe] 0.5m olF HAe BIY £
Eri=

Table 8. Comparison of airborne fiber concentration by surface condition of insulation material

Type of spray No. of samples Type of asbestos Airborne fiber conc.(f/cc)
application identified Mean(range)
Burdett damaged friable 13 amosite, chrysotile 0.0142(0.004-0.075)
and friable 3 chrysotile 0.0041(0.004-0.005)
Jaffery sealed friable 6 chrysotile <0.0010(all<0.002)
(1986) 8 amosite, chrysotile 0.0066(<0.002-0.001)
6 not detected 0.0085(0.002-0.0025)
Category 1 4 anthophyllite 0.0201(0.0174-0.0235)
This 15 not detected 0.0330(0.211-0.0447)
Category 2 12 not detected 0.0255(0.0195-0.0293)
Category 3 3 corcidolite 0.0064(0.0054-0.0076)
4 not detected 0.0140(0.0120-0.0172)

— 164 —



Ganor 5(1992)9] ZAleiME ACMo| AHEH
Israel Kibbutze] 4yt AEA 3P HHe| &4
o oz} 27 FolA & F£F o] TAAHUG
2 RaHer o 238 FiF U9 FEE
4.0 f/ccE o)Ao] LEHYD & HuEEct 20
vt o & gtoldeh ol ACMel AlFH &
Ao guo] FUgle] 2Rl A A=l 7t
A1 UA7] WEel o|HA & FE Aolr} LA
Arin F2dEch B ZAA 2343 0 F A
fEEe AA giel 0.0239+0.0095 f/cc, BHE
0. 0054-0. 0447 f/cc® Ganor® (1992)e] d7FHc}
$e gog, B AN FAge] A #¥d ¥
A NFE AYstne ¥ E2F AFe] 718l
A2 g3 A 2 AN ZHRdE et
F4 ¥ = A% 5 RAHA 3] AH F A
eng gog NF Aferre vE oM 7
Jol & AoE dadnt

Burdett®t Jaffery(1986)9) &tm, 484, 713,
A 5 43T FaolA 235709 AEE 4T
Aol 2lshd F715 HF AdREErt 0.01 f/ecol
2 288 Ao 43%F 8Xoln UHAle BF
0.01 f/ecE 238Ix] &gkem, WA 235709 A=
% 310 (13%) 2l 0.01 f/ccE 2H3he Ao =
Aot B FARIME 8% A4hFT FF BT
AfEE7t 0.01 f/ec ©1818] 3ol 13, 0.01-0,02
f/cc?l 3o] 1%, 0.02-0.03 f/cc?l Fo| 3%, 0.03
f/ccol4kql Eo| 3R F 380 F 3570(92%)
A8} 0.01 f/ocE 238 9A 3M8%Y Al
gute] 0,01 f/ecE Z2T8pA] ol HAHoR 2
ZAtlM " o B AR FRE BT

F7& o8 ApatEe o3 dEE IVIF A"
Afe) A3 =g B Ak FR) 9 Hag Aol
HHGanor §, 1992). olRe® B FAME] oAl
F273e} Pinchin® Ganor 9 478 A<g o
g o7 d7E9 Al 4t WEE B Fe
2 o Be Feo) di7h dddtin &+ Qlrh

AAEAe A el Aedl W& F5 dfF
% & Burdettst Jaffery(1986) 2l ®aze} v mshd
#83 2m, olAL AR BW &4 FHxot
F4E F7F ARFE w24 JERY £ 2AR
Ao} dAshs Hold, 8Bz AlFE HWo]
£ FEE F2)E AAE o S48 FEo)

de e FA Bedte F9 BYY ol ¥8
g Ao zEd,

AAEE FHo el w2t B/ HFE
Alelell ] ACMe] Al3E ZRo MMMFZ Al3"
2] 3% A¥s=rt o 84 &3HUY ol
AAEd e MMMF 3ol 84 B8 3= 18
g 5 AT, ACMe| AH4E A8 37 F A
FEE7F 0.0142+0.0070 f/cc®, ACMeo] AMEH
2 e AEY HHE=r 0.0257+0.0073 f/ecE
Z74¥ Mossman 5 (1990) 9] A3 e} v w3y
AQEZAYY MELe MMMFED #71F3e2 ¥
dEE Res F2HEch o9 ol MHE ¥FH
81 e FIEEAM MMMFE E#stn e
HABHET ¢ @ FE9 HA/7 HHE AL
A YAV 9 4 dxn, E A¥o] MMMF
1o} o] A8t 2#A (binding material) & 2%
e Aol Yold Hez AIRHE uh, AMuiz
MMMF Ztzte] Aol ozt 2% SAdo w3
JTE He ¥ Hez Ayztdr,

HZ AAn MMMF] g d77) 843 AN
H1 ga & 3EE v 2w Ry 4444 o
gl 4E #2¥ 5 e Re: 4R Jon
(IARC, 1988 :WHO, 1988} & fdsle HH
A QAR AW RN FHE o] ohiy &
AolX AA=+ erionite, attapolgite 22 F&
X %9 glag, rock, glass, ceramicEolA #
HAEE MMMFE 2% Ego] glog Fr)3e] A
HE U RS BE AR dae #eElx qdd] F
28 Aoz Holtd(Liddell® Miller, 1991), &
NEez HAHE HAFE AdAA A%
Brown¥ Angelopoulus(1991) ¢l d7<ixe 8%
A (capsulant) 7t 717Y & ol 2% A5z
e AR 94E dAANE 4 ddzn SRF
FNF AREEE Fol7] M HIolA g
g1 e B (encapsulation) Hel & AU A
e AN F e A4 Mg 2 Alge] H
wjajol @ Aoz Algdch

P

g g

2 ZAMe BFY AAEFC] AFH 3le
Mg AW IR SR Fabgel date] HAEH E
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=l e /Y FF4 o 839 3% B4
3l Fr1F ARe=de] #4, 23a A% &
g RFgp, F 2R, VR 2 ok A9ERY B
AEY A, 189 =¥ A= § 4 FAFe] Y
o g FF dReree A& 7
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1. 371 dfsxe A€y 98, 7H79 &5,
ZF W%, 93 92 By Ao /el Aol
Eriei= g

2. BUFE AAEEE HAEAY 2R
MMMF®9 <3 fo§ Ad#e Aoy
(r=0.07594) A A &d ETFE F 479 &
el g Aol gisidh

3. AdEAe FW "o deo] w2} ¥7
Category 1,2,39 371% A#%5% Aloldle o$
Fel gt 27t UAch

4. Fa% 835 B Fo 2F9AM crocidolite
30%, anthophylite 1%7F #A=R3, 2z F213
oA #&N" MMMFE mineral wool, trace cel-
lulose fiber, trace fiber glass, cellulose fiber
a8]3 vermiculiteo] 1T},

5. 8%9 ¥71F dAEE+ 0.0239x0.0095
f/ce, ¥ 0.0054-0.0447 f/cc® EA1E 38715
3570(92%) 7y Mgl AstEt §49 715 AxnA
21 0.01 f/ccE 233}

2 ZAle] AR Hol HAEH] AH4E v
2 AEFde 4AE #7311 de dBC] ¥
A Be o dBE MMMFE ®@sta glon
A iz AsEL #HNF AIAE A5
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e 2R @ Ao oel 3715 st #
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E2rid olel o # @iy ofdo) Algaicin gzt
€ct. MMMFX ARz} go] 2 faiide] Ha o
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