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Abstract

This paper describes the results of a systematic study to determine the characteristics of
particle generated from various types of asbestos containing material(ACM) and man-
made fiber material(MMFM) during operations of cutting and grinding in laboratory and
workplace. Tests were conducted with a specially designed glove box which allowed com-
plete sampling of the generated asbestos fibers. Specificially, air measurements were made
during ACM and MMFM installation in building. All personal air samples collected were
identified by polarized light microscopy(PLM), X-ray diffraction(XRD) and scanning
electron microscope with energy dispersive X-ray analysis(SEM/EDXA). Also, the sam-
ples were counted by phase contrast microscope(PCM) in order to compare the results
with the permissible exposure standard for workplace.

Results indicate that the characteristics of fibers found in the roofing sheet,the ceiling
and the wall insulation boards were identical to those of asbestos, while the characteristics
of fibers found in the ceiling insulation board, the floor tile and the sprayed on insulation

"products in parking area were identical to those of rock wool. The concentrations of air-
borne fibers from various building materials cut by a grinder for 5 minutes were in the
ranges of 0.09~1.71 fibers/cc(f/cc). The highest concentration(1.71f/cc) was found dur-
ing grinding the wall insulation board which also contains rock wool. The airborne fiber
concentrations generated by installing at workplace were ranged from 0.0009 to 0.029 {/
ce. All asbestos fibers from the ceiling insulation board at workplace were less than 20um
in length and more than 20% of them had the average aspect ratio greater than 20.
Therefore, for the purpose of decreasing asbestos and man—-made fiber concentrations at
the workplace, the ceiling and wall board should use strong binding material to increase
the binding force with fiber. Also, the permissible exposure standard for workplace(2.0f/
cc) in Korea should be constituted below the maximum avaiable concentration measured
at glove box.
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719" 25003 7ARE AH8-E7) AR Ad(as
bestos)& el - HEd HAA 2AE, 1AL,
A, deFEA, Jeded, nHEAA, weA,
Wel@dA Fo] St AHAA, B, FHA,
F29 FEIZEE Adsle =4A, 44, vd
oA 5o 452 A&AA, wpFA, HAEF, =8
59 THARZ FHstA o485 3} (Dunni-
gan and Seymoar, 1990). ©}% <} 80% Ax7} A
ZA0el Md&dels, vigeld 9 daday, #a
Y (sprayed insulation) o2 AEs=Eg o
wPRANE F 7%, 7€ HAF, A Fo| A2
AR-E gl (ALl 7] AT, 1992).

o=y HgAFe] gxe]l &AEY AdRAd-
bers)e] F7152 2 WEFHD, F71Fd oW F
AFEA G99, EFE S8 ANE Eo0f HH
¥ (asbestosis), #|%¢(lung cancer) ¥ FIAF
(mesothelioma) 5 EX9o AW L2z}
(Mattison, 1987). Mmoo 2 Qg Awe wgt A4
& FAFsE TEAR] obd FAFHE FloA
= A& F1 deow, ARl dul drjFelA
= Hyxe A4 A7 FREYW FoF 2
kel ohg dexd F e BEax Ut
(Enterline, 1983).

H&o] AEY AFopt MEA] A4 ALE-H
= A24 AAAEF(ACM; Asbetos Containing
Materials)-& <2t (grinding), A (cutting), HA
(punching), ¥ 7 (spraying) ¥ A1g3g4 4
d AFAHel AR gk, AU FAd o Fel
MAGTE FAE 73t gIch(AIA, 1987). ¢
o Pvetx 1987y 1149%-8 AW (Crocidolite), 3

A (Amosite) o] & FABIY e, 243 o
9 fFANEL 2fibers/cc® AAZAH( mFR,
1991). =8 AL S A3 TAHANEPS Y7
ARAY F71E AR (A, 1991).

HA Mg HFe 5494 gEdn U 8
vebe 19800 Fub7br] 3¢ A7k 6%F 6000&
Az o HHg qlatglont, 19914 89 8000

o2 F7t A% Bolx Uch(FAA, 1992). =}
Aol w2} 5%l 100% S MHE T e
AzAAe 19913 A A7b AMHE-sk-e 73k 50008
o2 A=Y ZAE W AXA AFF A 4
HAARFE ALdtElzta GFSEY ol 7A] FAle
Zhe) A A g Uct B3] AE Welld AFAAE
AA s 23 FFFPAEL dF-Ee] A’ digs)
2ol A7 Wi 2 FEEAE A sfdd 5

o AFHHFN Ao 2R g o]5E BEFHY|
Ag v E ATEe] A B Aol

wpeta] AlFgate) QT FRIES ZAze $sto
AZANE Ax AFTE o DA HHe 47
Aee FF% 9 548 248 "Hg o] ok &
ATl ME 57FA E=(AE, A, e, 9, W3
)2 AaEE AEAA F AHAES AFHH
A E(MMFM,; Man—-Made Fiber Materials) & %%
g 15575 ez AT o HAHE 79

F2 AWy, theke g A8 5250 2
of disiA <ixtd o HAHE HFY HY 5=
9 EAE zAElgR, okge AA AFTE: EAdE
AR 558 A8t 43 wjasige

24 H

2.1 AEM=E

Sefubetel A AHgehe A%E W - 92 F 4%
(shet, A7, 2, A%, B RE S gl AMeE]
£ 15%9 AFE Tdste] B Yol daAg 4
skt Zizte) AES) 4% 9 BHe ¥ 13 2o

2.2 AEEX

AAqER AR DAEE AHYEEE A
AR BHoz AFguyrEE =gl Loldl=E
glove box& A48}, glove box= A 59 2
e APT F A=E F dF 9 £ clean room
© & Lundgren et al.(1990)0] A}4-3F #AAE 24
o] ARsb ook 1Y 19 el AW, &4, 3y

Table 1. Classification of experimental materials.

Materials No. Use Goods Density(g/cm’)*

FL-1 Floor tile Unknown PVC  2.0440.03
2 " W " 2.04 £ 0.03
3 " ‘H " 203 £ 0.02
4 " T " 205 £ 0.02
5 " ‘R’ " 207 002
RF-1  Roofing board Slate 1,81 + 0.03
2 " asphalt single 1.76 = 0.03
CP-1  Ceiling board Tex 1.58 + 0.03
2 " ‘S’ board 0.70 £ 0.03
3 " ‘K’ Tex 0.36 = 0.03
WA-1  Wall hoard Lite 2.13 +0.02
2 " Color Lite 2.13 £ 0.02
MF-1 Fireproof Rock wool 004 — 0.20
2 " Unknown sprayed 0.25 — 0.36
3 " Glass wool 0.016 — 0.096

% estimated value
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Fig. 1. Schematic diagram of glove box.

Ho] 93 22 = AH{FAA (IR 60x A2 40
x o] 60cm)E YRl S & F ey =
3 SR A = URF shch FHIA Y
We 10mm Agez Uiz, FRdHe T7]
o] 48, AEHANNE FYAAE 1A AA
T UEER o). =¥ A8 FY43 AAE
47 7] s gloverl ¥23 AgF+E A
dHoll AFAIFIZ B 5 A=F Azt
glove box Wel ¥z B8 AAsty dAT {0l
SAEHEE AR high volume air sampler
(HVAS : Model KIMOTO 120)% dAstgx A%
A ART F7] F4E A= FHo HE
(GELMAN : A/E glass fiber filter)S 2 #3}¢ct.
ol-22] =gi¥Fo] HaF Alg A AR (support
jack)s} X8 E J}EdEls EFEE YR AA)
At -

2.3 AEYd™

A2 G2 Ae SFE Aushr] Ashed
glove box WellA AaHz EAX]E(bulk sample)
$4¢ 9% HAUT EAPde sScHNIOSH,
1989a; USEPA, 1982). A2 WA= A4
2 Ag-2 glove box WellA of 587 Aa)F dAts)t
o Aol £EA(ER) S AASES R4
A48k A& R Q) 1750RPM o2 745A)7 w3, 2t
A7k FAoAe] 13 ADAZE HHql Sfe=
st HAHE ARAEE A Hskd xF
22 2E 30cm AR 50mm cowle] F-EX 3-
piece filter holder(Millipore : MAWPO025AC)E A

Z3}g 3 o3} A]+= mixed cellulose ester membrane
filter(Millipore : AAWPO0025AC)E AF4-3t4c}. 7
o4 Zrl AFHH=(MSA, Flow-Lite) = 32 3
g/¥ o2 AFHAZFL 58 AxE gl 139
At ge] ¢ F HVASE Hd £ #3 1
m*/E-o 8 2087 7tEAA AR U B
g AAsFAIL vigte] ol e E YIRS
L AFAL7E AHEES AAS) AR Y A=
o] wz} RF-1, WA-1, FL-5 A% <F 103 AlA)s}
93, CP-13} CP-3¢& 5~63] Ax AAst4r}.
13729 A - W5 AEY dAe dAdo= v
2k, AE2A, H 2 Q2 A ") o] AlFA]
Aste AR BEAFY v=& =48k ke
Aol A 1~3m "eiAl Ao, A4 1~1.3m ¥
ololl 7Hl 4 F7IAE AFH7] 20 AAFE 2~3
£/%9] FAFFLE 37 A 75417 HHR
7FEdte AlFAIRE B 2 AR ARE A

2.4 BN

1559 Y EAAE BHL PTRYNIL
AR AAF4 (National Institute for Occupational
Safety and Health, NIOSH)2] PLM=(NIOSH,
1989a), USEPA 9] XRD®(USEPA, 1982) =283
AlA %) SEM/EDXAH(AIA, 1984)¢) o&] HF=
Al (identification) 3} gdt}. PLME& o]&%F Alwe]
Alge ¢4 dnAe HERE HHA H571 NE
SW(EE )W aEFe 7tel o AR o] A
Yo] =3 t}A] AMENE 90° JAFPL w) F o]
ety Moz gokdtgel. XRDyellA Scan
speed= 2° /B4 A}4-3tgen, Step scan AL
30KV, 15mA 9] 7}&A-gas AFZ Cu Ke radia-
tiong ARE3lgli, 0.1° %3 40%x9] preset timed-
Fox 1° 9 DSE AH&8ld velhd 3322 peak
position(°28) Zt-& AArste] Mol oJH-E s}
gtk SEMe AHg3t7] % AHI2H 4 AR
S 53 ZF 59 BEES 450CAM 33
(ashing)xe]dt F I zu|Ae Ho} -S4
7} Well A eF 1527k 4141713 o]& thA] HE
A AlA FHH e o5 Carbond Gold: ¥
Aeishedch. MxelY Feld] 442 SEMAel A
Fal5m olo] EDXAd| vhehd peaks] $1%sh =
71 Asbshel Hue) %3 AYsHalch

Held =R F7FY AR v HL
NIOSHe] FA 4@yl ‘Method 7400° (NIOSH,
1989b) ] wiz} Azl oA (PCM; NIKON)&
Al9-8lgiony, Walton—Beckett graticule(Grati-
cule; G22 Type)& Atste =z i@ A7IEF vlm
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a17) slsto] ‘A'FHol wet Aol Sum o), £
B 3 olgEE 4D AL ohge ¥
Aol ERD AgE AR BAS s
AJA 9] SEM/EDXAHM (AIA, 1984)& )43}
AN A R4S ARsige

3. gn ¥ ng

3.1 AN MR FF

FuellA eubAo= geo] AMEEE HEu|EA
49| wdeld(FL-1, 2, 3)& A/A4 dAE 43E
% sislert FL4, 5 Aol A 444 9747 o
% 2= Asch AL AAL &)= (RF-
1)s} o}2BE A Z(RF-2)IAE 242t st §2)
dog Reolx ARt RyE, R4=2] CP-13%
CP-3el Mt 77) Mwsh qhie] Y7k Tgslel
Agert CP-2el e Af4 WA7h Holx %3t
o} o . gabe] 452 AMEHE WAL, 2 Aol

F AEsgch Wego 2 AHAL ol A
MF-1, 2+ $d% 949 4%8 Rdx, MF3e
felno® FHHAt o4 15 FRe) A¥AA)
o wslA PLM, XRD, SEM/EDXA ¥AAx&
Fgs & 29 Fo] 11 £7 A 464 B
¢ TYHn YAk 29 28 Fee=(RF-1)
o Egx A$2] XRDSEM/EDXA ZA3}E 1B o
F3 glem, 79 3& HRFLB(CPI)oIA »
U YRR FHE velFa 2o

3.2 XY MRe 2 55 W £

Az AEE wAYe] 75T HF9 Ho F=&
Z2A37] 8t, P2 587 A4t (grinding) s}
o Adstge o EAs A FAF AR
FEE E 34 Jehdigde). daRReozR
30cm "ozl F71FdAM M & ARy=EE L
A7 AAEe 4HE AH4% CP-322 AF
L71f/ccE B ob2 2 of sl FoxHE Bict

Ae ARAzt AWE $9 AREAS 94 o (p<000l). o E ¥EJF ¥& AMe 4w

Table 2. Analysis results for identification of fiber contained in construcion materials using by XRD and

SEM/EDXA.
Type of Identification K-ratio by SEM/EDXA Peak Position
Materials of fiber Ks/Ks | Kn/Ks | Keo/Ks | Kre/Ks | Ka/Ks | Ko/Ks by XRD(" 268)
FLH4 Unknown MMF 1 — 0.60 — 0.24 0.07 12.4, 24.0, 36.0
FL-5 Rock Wool 1 0.13 1.27 — 0.31 10.5, 23.0, 36.0
RF-1 Chrysotile 1 0.71 0.57 0.08 - 12.1, 24.3, 36.0
RF-2 Glass fiber 1 - — = - —
CP-1 Chrysotile 1 0.61 0.57 0.07 - 12.1, 24.3, 36.5
CP-3 Rock wool 1 0.12 0.96 0.05 0.34 13.2, 21.7, 27.7
WA-1 Chrysotile 1 0.55 0.61 0.06 — 12.1, 24 4, 36.0
WA-2 Chrysotile 1 0.55 0.61 0.06 — —
MF-1 Rock wool 1 0.09 0.77 0.05 0.35 - 13.3, 21.4, 27.2
MF-2 Rock wool 1 0.10 0.88 0.03 0.35 - 130, 21.7, 27.7
MF-3 Glass fiber 1 — - - — — —
) Sl : Ll - Si
L‘I’il" ! MJg :
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B | -
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Fig. 2. Results of XRD and SEM/EDXA on asbestos fiber contained in slate(RF-1).
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Fe Cu
TT"‘II“l"irﬁlzl“YTin‘TTvrIiAfT"TlII'IYll‘iYIIII
0.0 9.9
Fig. 3. Results of SEM/EDXA on rockwool fiber contained in celling board (CP-3).
Table 3. Airborne fiber concentration by type of materials on grinding in glove box.
Type of Average fiber concentration by grinding(f/cc)

Materials GM 84.1% GSD Range "
RF-1 0.184 0.284 1.54 0.072 — 0.405 18
WA-1 0.21 0.35 1.67 0.087 — 0.463 21
CP-1 0.11 0.18 1.64 0.055 — 0.293 19
CP-3 1.71* 2.70 1.59 0.590 — 3.723 15
FL-5 0.09 0.17 1.89 0.043 — 0.286 28

* p<0.001

A4 WA-12 gdXE 021f/ccdrl. elo)e
(RF-1)& 4% 99 3715 ddsxes I+ 0.
184f/ccd o Holsy T 0.405f/cchr). 7HHEA
o] & HAHA(CP-1)& HFsT7t 0.11f/cc®
W el 0.055-0.293f/cc, 71 F& EEE B
o]+ FL-5 A&+ H7 009f/cc2 A, W9+
0.043~0.286f/ccdtt. FL-5 A8t |"o] wj$
whdsle] gdo] u|d o FEEHC glejA 4
<8 gl A" A{rt o2 A vlE A
o2 wjg e o2 Hr), $eluete) 2
43 W HE5=q 2f/ccE 7IFoE B o, BE
AAE AAE o dAEE ayEEe 5E7E
wygert, CP-3 AAte 84.1% 2 Hol:= ¥%r}
2.7f/ccE S EI|EXNE AIsA. 2 T
OSHA S} 0.2f/ccE 7128 = CP-3, WA-1o]
3o At 71E& 23pHHUS OSHA,
1986).

2AE2 daa] GA" FAE AR Aol
Z3v)o PEE i HFEEIRCET  Leidel et
al.(Bragg et al., 1986)2 u}&ic}. o]l oz} =}A
2 AxA] BASE Aol EE AdE g
gz TASt] d& BAEA 7FHA

=] (geometric mean; GM)$¢} 7]l F & H x|} (geomet-
ric standard deviation; GSD)& Al&E3}e] E 4ej
vhebd sieh.

A 2E CP-134 CP-30lA WA slE a9
ozl 30~31um= 7R A1, FL-5eA 4y
He ool 12umz B gokeh o]z "k
ALY P AARE, AWER A
A" AAE 72 o vlngrie] Atdixoez
ot E gl vl wg 2] GFeR Rt e
A5 21838 CP-3& FL-59] u]s] Zo]7}
25w Sy, AHAGE M AFLE CP-1o]
717 7Zedxm RF-1, WA-1 £23 Aoz} 748

Table 4. Geometric mean(GM) and geometric stan-
dard deviation(GSD) of fiber size by type
of materials on grinding in glove box.

Type of Materials GM, gm  84%, ym GSD

RF -1 21 51 2.43
WA -1 15.1 43 2.85
CP-1 31 90 2.90
CP-3 30 93 3.10
FL-5 12 34 2.83
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Table 5. Distribution of aspect ratio by type of materials on grinding in glove box.

RF-1 WA -1 CP-1 CP-3 FL--5
Aspect
B cum. cum. cum. cum. cum.
Ratio % % % % % % % % % %
<3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3~5 0.6 0.6 2.9 2.9 1.8 1.8 12.6 12.6 32.1 32.1
6~10 137 143 17.7 20.6 14.0 15.8 16.6 29.2 36.2 68.3
11~1% 19.0 33.3 20.2 10.8 8.8 24.6 192 184 1.6 79.9
16~20 17.3 50.6 14.8 55.6 175 121 116 60.0 6.8 86.7
=20 49.4 100 444 100 57.9 100 400 100 133 100
Mean 17 16 21.5 14 5.5

* Cum. = Cumulative

At defAd 25F9 ARE AT AN BF
A WE7l AEeE, 459 ZrE AR 9l
A&NsANA Z2=EE 3 AFEe FAs7 4
34 CP-1, CP-33} & ¥& HWxr o x5 AH
g o AlFye mjsol & Aejr).

Z3uje] EXE F 59 goFstgrl. Bl =
%o} RF-1, WA-1, CP-1, CP-3+= 40% °]49] A
7t F8ul 20 o)A Hed FFFHul-dA
CP-1 #AA7} 7} ¥e 21502 kg o2 RF-1
o] 17, WA-1¢] 16, CP-3%= 14¢t}. FL-5= A7
Z3u|7} 552 7R yokw 20% o|Ate] E3w|E
Holx AHf9 vlgx sttt welbd A F9
Hog2 e} 2 F4E Rol: AAMe RF-1,
WA-13} CP-1, 302 Rt wldazEe £3
H] 3~10e04 7} & X5 Bqo) 53] ¢de
2 3449 CP-3, FL-5: & £3u|E Bol: 9
AEo] ACM Ao} viand of Fdixel e
H&E 2} ol AdA M9 AfAe] Ao
aa Aolzt 71 Y AFE 2AANE A 2,
Zolgte] A A=A A& w3z ¢+ non
-asbestiform ¥{Ej 2] AFF7IAAG2] EA5 A
o] & 7o B Halr).

3.3 ABHEOIMY MREE R =4
AEEES} 27 2 13450 B, wiet

g Fo ASFANE AR, AT o wAHE AR
9 F=E A ATyl wel & 6o gk
Aot M e $EE Rl AAle HAL(CP-
AN ALY W2 HFE 0.029/ccs] FEE B
dow tige2 o . gkate]l N (WA-1)E A4}
AlQd] G 0.018f/ccs] FEF 2o kg A9
ol dd fold ze]E Rch(p<0.05). e
2 AR 22 (CP-1)E& A1ZE o9 0.005f/cc
9 F=& 2qrh XE&(RF-1)AA <} vletg €}
A (FL-5)-& 0.0018f/cc ©]3}9] & B & wi
AlFth A1FF AFE AdETE PErF 2 WA-
1, RF-1 & 2EAE AHEsle dAusiga, U
7} zhe. CP-1, CP-3, FL-5%= Aw7|(cutter)& A}
45 Ankslct, AlFERNM LA TS5 A
fro] T2 Aol wEXR R kAl B
Q] %9 1/12~1/570 AEE & zlo]E Noln
th ol AR AEEF AHT ML 7] A
A28 A7 AF ARERREE 1~3m EelA
Zoli, Age2HE 1~1.3m AFo|dr] wEol
AlFalie] iR el TFTFGNAA TIF A
E7} obyd A& A|H(area sample) & #4597 o
To g Bl 3 AF LAY dirEe A
Al PCMel & &3 =& dlojd Az o
w7l 23k EAezt zejm HHr|e HR9} &
FEE 58 Aoy ol WA & FEE

Table 6. Airborne fiber concentration by type of materials on workplace.

Type of Average fiber concentration produced by installation(f/cc)

Materials Work 1 Work 2 Work 3 GM Range n
RF-1 0.0005 0.0016 0.0035 0.0018 0.000 — 0.0038 6
WA-1 0.010 0.018 0.022 0.018* 0.010 — 0.029 4
CP-1 0.002 0.004 0.012 0.005 0.002 — 0.015 6
CpP-3 0.029 - - 0.0290* 0.019 — 0.038 2
FL-5 0.0004 0.0012 0.0013 0.0009 0.000 ~ 0.0018 6

* p<0.05
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yolele} Az+Elch(Lundgren et al,, 1991a, b).
Al S HAEE 371% ARY #27] EEXE R
73} ® 8ol gokstaltt. AAAAMN(CP-3)E A%
o FF1E AEAl EAsE HAAHele
80imE ol$- 7] Wk, CP-1¢ A7|2 ATF9
ot} #L 2lpmE Bt =g HrRA(WA-
1), v (FL-5), AR (RF-1)NAE HfHo]
7} 145~21pm= B} gotol. EasEe] A A
f9 2Fu)(F 8)F By HAA(CP-3)7} 20 °]
Abe Z3u) vlgo) 80.9% 2 sb Egkw, B¥RLA
(WA-1)7} 53.8%F Holx ZHolr} AA 2 7o)

L

Axjubyo] 3 FHw] gho] 37% R9e=
HAe 2 B aq F 7]
Al ¥ Fo R

o & 4%

Zol =25 B AF

7kk=
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Al

oigt

2345e) vhE Y 2P0 uch A3 71 A4 A
250 el FUL Aol 24T Ao A

7},

Table 7. Geometric mean(GM) and geometric stan-
dard deviation(GSD) of fiber size by type
of materials on workplace.

o 0
2 A4S LA s 2, AR (CP-1), Typethfa;"”‘ﬂs Tygi‘::d\i}"rork Gll\’i.;;n 84.1 é;bum ;}.i?)
vhtA| (FL-5) 8 A2 A (RF-1) 52 26.3% °]3} WA -1 grinder 16 37 | 231
o] Br} ¥g vgE Rocth —'L“ﬂb} ZHu)7t 16 CP-1 cutter 21 48 | 2.28
olabal w]g-2 HAL] 40% o)e A A3} 3o CP-3 air pin 80 150 1.87
A3 Fse] Salldel 2 it yAL Mol FL-5 cutter 21 43 2.05
T ek 53 CP-3& 134 453715 ol4%
Table 8. Distribution of aspect ratio by type of materials on workplace.
Aspect RF-1 WA -1 CP-1 CP-3 FL-5
Ratio Cum. Cum. . Cum. Cum. Cum.
% % % % % % % % % %
<3 — — — — - — — -~ — —
3~5 6.7 6.7 8.8 8.8 5.3 5.3 0 0 15.4 15.4
6~10 13.3 20.0 17.6 26.4 21.0 26.3 3.6 3.6 23.1 38.5
11~15 13.3 33.3 11.0 374 21.1 47.4 8.3 11.9 23.0 61.5
16~20 26.7 80.0 8.8 46.2 26.3 73.7 7.2 19.1 15.4 76.9
>20 20.0 100 53.8 100 26.3 100 80.9 100 23.1 100
Mean 20 19 12 37 10

3.4 AIBHHE Y YMAHZIS] WM g
A HgAY o ATHANg &2 FEE
:1% 4o vwlmalgcl. B AN 2AHE A
W owbAeke 587} dxAA Agdslgong AlA
ZgddAzta e & AlFAzk AlZuge]
o) A e B 4 gl AS% AFd
Ao prE AANE wasko] 1/12~1/750 HE2
2 zlo]E Bolm glEd ol Al 2 =79
ate), Ay AF Azt AFH $)x Fo= *MT
Act. & o REo o] 9]t Fv| 5]

o Aol FU2 44 2aHe Aoz m
Qe 27 A7 FAFGel A 2T A
oz nach wE YYYL Fo TN 2

G5 Aate] L3737l AR o ¥&
AfeEd B Zeo2 Azdc. AFaa A
H oy sbsgse] £4AE A3 vad Fde

glou} Lundgren et al.(1991b)e] vl=te}al e oi4h

o8 ZANE fA1¢ 2 Ao} vastd A

2 213834 ACMst MMFM$& A% o @
v)-¢- wtol PCMe| Z4gA <l 0.02f

AEE v=x

Airborne fiber concentration, f/cc

CP-1

CP-

Type of Materials

|
i

7___*

0.0001
RF-1 WA-1
I On lab

R On workplace ]

Fig. 4. Comparison of fiber concentration by type

of materials on workplace and in glove box.
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Length of fiber, um

RF-1 WA-1 CP-1 CP-3 1.-5
Type of Materials
I On lab N On workplace1

Fig. 5. Comparison of fiber size by type of materi-
als on workplace and in glove box.

JecE Wlold »E 2 SEM3t TEM %o o3 54
EAute] rhsslrin Hgich A WM ACM
3} MMFME «d4tet oo 4As 5 CP-37 WA
—le] wi$ Egtond feptel AR FHEewxm
715l 2.0f/ccolle vl A Bated AA AFF U
A= AR FAes o8 AdAolu). weba W
= OSHAS9 7|&al 0.2(/cce} 2ol wA AdAH
ookut &3l FAI7} FEstejet e AbE fch

WA-1, CP-1, RF-1 HdA&F& AgA AF
Fo) AT AF9 =g BEH]Eo] vxEde
1}, CP-33 FL-5& & zlo|& Rolw glo] HAgA
WollHe] Achubircl AFF AAgel wig
203 Ao R Mooy 5). EF olzte] ACM
7 MMFM Apelof] @A) 4o =77} Aelgt 7
Axr) &Ae AfAdFE Hf Aoyl A& ARE
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Ade Aoz Az 53] w4 (FL-5)AA+
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F3 F3u)7t e EAHL Bolw g ol
AeE  AAEdM A EBEEe eldHm
MMFM2| EA3} gadd Zed B

42 E

ARG} ATTIAAEE SR ASAANE
AZE del BARE AR FFE AEso 4
shel A%, B¢, whe, F, WSHgo 2 AEEE A
2337 15878 ez AN B2 AR
24g 9, oF AH4E Mot 53R o
A Aol og SANEH 13029 AT AR

YAEE Afe] v % 5A4E& vz 243k
b e R E AR Ade fAFAn A (PLM), F
At Az &) 4 (SEM/EDXA), X-4 3" (XRD)w
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E 23t Ak
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4) AlF-d3elA AL (CP-3)AAE AAF o
A= gtdAdfE o E A wud W ol
7F 44 21 80umE B, FHY] 20 oL ¥
o HlEE 80.9%2 FobA, &g F F7Fe AA
b 25" AS A &5 Fo8 A% 23 &
Ao wr} 2z 71 AFE HAAA A F4
g 7t5Ae] £ e Angd.
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Al A EE EE Al we o]E Ao
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