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Abstract

There are many varieties of asbestos: chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophylite.
These are widely used in construction materials, brake lining, textile, and so on. Even though non-asbestos fibers
such as glassfiber and rockwool have manufactured because asbestos causes asbestosis, lung cancer, mesothelioma,
etc., some bad effects of non-asbestos have been also reported.

PCM (phase contrast microscopy) and PLM (polarized light microscopy) have been used to qualitatively analyze
asbestoses. These techniques have serious drawbacks when identifying and separating various asbestoses. Recently
scanning electron microscopy (SEM) equipped with energy dispersive X-ray analysis (EDX) has been known as an
useful tool to analyze airborne particle since it provides physical and chemical information simultaneously. The
purpose of the study was to classify both asbestos and non-asbestos fibers and finally to develop their source profiles
by using the SEM/EDX. The source profiles characterized by 6 different types of asbestos fibers and 2 types of non
-asbestos fibers had been developed by analyzing a total of 380 fibers. Analytical parameters used in this study
were length, width, aspect ratio, and shape as physical information, and Na, Mg, Al, Si, K, Ca, Cr, Mn, Fe, and Cu
as chemical information. All the parameters were intensively reviewed.
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lioma), A" %] Z (asbestosis) 5-& $3kc} (Dusinska
et al., 2004; Wylie et al., 1993; Maclure, 1987). o] 2+
< Ao f3A dEel AdA Asrt e
AHAFES A Holovk Aoz s
Feld sk AR 2 dTA Ads IR
A8 5 A L wHE Aoz AdA o
AFTF7IA Afe A 2] Aol A3 AF
3t aFA AR EAlska 9lo] A A= o)
A w3 "o 7ot} (HELIR, 1991).

ARAFAAME Aol AsiA djio on] e
Bl Aol A AR A2 Aojstm 9ok
vt w2009 198 2E Ao A3
Az -9 - G- A7 =22 M-S AT A
oj5} (2= E, 2007). el A 2AYY wEV)FE
A FHol st AAMH 0.2 fibers/ce, WA o
71e} AW 2fibersiccE ALY 7L 2002
EE Ao it} w]Z IR AT
(NIOSH, National Institute for Occupational Safety
and Health)®] #A1n7)&3 U8 0.170/ccE )=
7E38 v} (-8, 2002). g Ae] gkl o
T 23 Abs o)A Fo AW
Aol e A17]E 0.0170/cc o)stz A3tz 3l
tH(E7 3, 2004).

A Mol ZAL “AWFIA TG
1= $]AH=181 0] 7% (phase contrast microscopy, PCM)
< FAEHe= At #=o] Brlsdt A¢ A
A} A8 7] 7 (scanning electron microscope, SEM).o.
2 ARSI A (@7, 2004). 23 A @
e A wARe FReA Rahw, A7l
025um o)ste] Af= BREA @) Bl 24
"l o]7]| B} Z-2 24> (index of exposure)®] vl =
o2 o3tk (e]7]}, 1996; Howitt et al., 1993). u}
S Belse] 001um A= A47A DAL 4
A AALRAS 2ol Basim Ao AT
Ao} 71538 X-A microanalysis %] (energy disper-
sive X-ray spectrometer, EDX) 5-2] o]8-¢] 875}
SEM/EDX A28l My RaAx]g d7d=e] e
EDX2 3}3h4 48] o]Fojzlct & SEMF
EDX 7tol] AlmA$-e o] g3le] SEMelA w2d
APt Alg7he] dEgelA vt X-Alo] EDXS]
X-A A ZE7)) A B 5t} (Schreier, 1989).

E ATl E g5 ofl Aw W wiMw A

ol gt Agsk £7710E AFE7] $stke] SEM
[EDXE o|§3te] AHEAA FE< WM (chryso-
tile)z} ZAAA &< 229 (amosite), FAH
(crocidolite), 4441 (anthophylite), 2F7]A] A=
(actinolite), 7ZHd A9 (tremolite) 52 6272 AH
A8-2} S2l A8 (glass fiber)2} 3 (rock wool) 5 2
29| vjA™ Afol 3 29U FF=(source pro-
file)& sl ol ¥t Agys T & B A
371 g et HHgst @ A7 44
g 9% 7|xAsz 49 5 3o

2. AT Uy

2.1 Azl

Az iAE 447t 48 UAE BAS ©
QUEREE TE7) S8 Az wlNE Aaoh ¢
5% 7)FA] & (reference sample)2A THA|EE Y
Hetoleh TYAEE et Amw, 4w
59 TP RE F= YoM Bt dFnE A
8] 28] stb) Aol N A 22 A AT
Hu)A & 0|43 YA EAML AFEAIAE 2
gk BEAE oA et g Ao &) wEel,
719 5 245 o2 AR E At AF 3t
ofok Rek. AYA= Hhekel FE3km, SEM Aol
£-0]3} polycarbonate membrane filter (2}7] 25 mm,
pore size 0.8 um)7} A2E preloaded cassette (SKC
225-1604)% A}-8-313ith AM-® 7 E (cassette) =
F7AA 7} 50mme] AFHE (cowh U H), FA 7] o
A& AAsl AR AN Fd3HA T2}
A s 4 ok el Y 2o A2
79 dxe A4 A "ol e o2 go] e
B2 go wakez AFAsoF ek A o4
Q) YA ek S~I0pgento s Tt
1 ) (Willis, 2000).

Al &&8]= Conner et al. (2001)9] HE LA
SEM/EDX ¥4 A|5e] Fnlabis} t3olg-A149
AR F71A A (AR, 20048 Fastgeh
AR 12~ 1/4& A3t F(gold) oz THE &
Fgu)y 29 (ubel FHeelolzg o gake) 74
A]#A SEM/EDX #4& 3ttt
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1. Pretreatment IL. Insert samples

IV. EDX analysis

111. SEM analysis

Fig. 1. An operational procedure for SEM/EDX analysis.

2.2 AREA gy

SEME& EAME o o|dxoz Agg B4
AsfME= APt ddFoz y27 Rxse] 9l
of g} AAFANRRA A8 IR or:
2lzn} A3 €9 (plazma sputtering) == AHE =
B9 (sputter coating procedure)g& A& slgitt. A 87}
BAE F<4 stubd A& (spectmen chamber)d]]
ge v-8, 3239 Z (rotary vacuum pump)E A}
43t AFE fAABIEH AFE FAFHR olf
Az mdd] E4& & 7IsAe] sl 8 ¢ 4t
SRS AABE] A ol (7K, 2004). £ A
FellMEs Aug o83l 20~40nm FAZ IFE
vt F439S A e B8 oA wEEe
XA A5S AARZIER 2A0 Y=g oF
G (8T 54, 1999; ezl 2154, 1997).

AR B4 AFH2-¥ SEM/EDX (SHIMADZU
-S8550, Japan)¥= 7R 15kV, 257 8] (working
distance) 15 mme} 7IEFHA o w =3 18 1
ol &= SEM/EDX ] #A434A& el

2.3 24 ERE NUAZEN WY

SEM/EDX & o438t Mmat wqd A4 29
LEFE MEE St g3 2L A= Aest
ek A SEMelA Al Fe AT AE File] &
22 ARE JL T EDXAM XA #4e 583}
o] 33}A Ang dgivh A Het 2o (ength),
Z (width), 23] (L/W ratio), 28 = 47}x]gom,
3}8}4 W= Na, Mg, Al Si, K, Ca, Cr, Mn, Fe, Cu
% 10714 9493w} =8 NIOSH 7402 b (NIOSH,
1994)& Fxsled Md o viNw AR5 FAsh=

o7 a A4t E A A 234 A 65

=9 Y453 Sio) W], = Na/Si, Mg/Si, AUSi, Ca/Si,
Fe/Si %5 5714 vl && 283l

E dFelM e 7 Aol g EDX FAA] X-Al
g 3e) digt 71719 g (noise)S FAA 2 A|A
3} 435, & Yid] did X-A county} = X-A
count®] A|FZ¢ ¥ wiruct & 2SS F,95% &
Sol] &3A] ok A AP X-A count: 0
Foz A=) £8F countd] =7l wet
o2 A¢H e BEXE Hade| gAY Rz
7] log WgHe Al=sll o, LA AA A"
0Zk& a3t log(1+x) &L Al =agH X-A
count: vi-$- £ & /A B2 1§ o #Hite
2 EAZAE ko] it

299 EFEE ] FHE 43k A
o 3 1 Y EFRAA A ZHol, F F
v) 5 3714 "ol o8 A Hd, FHagke]
e AT 73 28 L9 EFEAA Ry
AeAFEA B 93t %ok Na, Mg, Al Si, K, Ca, Cr,
Mn, Fe, Cu 9] 107}A] AJ-8n], Na/Si, Mg/Si, Al/Si,
Ca/Si, Fe/Si 52 5714 v] &) djsle] bz Hd, 3
239 H9E AAseE-

3. dat H nE

3.1 M 3l MM MRo| S35 £y

SEM/EDXE o]g3le 7|EAR 48 B4 9
A, A, 2, AR, SN 59 5
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Fig. 2. Scanning electron images and X-ray spectra of asbestos: (a) chrysotile, and (b) amosite.
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Fig. 3. Scanning electron images and X-ray spectra of non-asbestos: (a) glass fiber, and (b) rock wool.

AN 2 29 SEM/EDXel|A 2l wiMs)
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o 228 S40] gleld WAEE Sbew 71 A4
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= vepdont o] ZEAAY o8 H4ot “3'“74
.03 FHVE Si, Mg, Feol et ML MAm
ol vlal fdsiAl gm B2 mofor Fo] ok F
e} FAB-o] Si, Fe, Mgo|gl o™ Nae] A2 3
Heol sl Aol EAoldnt QMWL FAH0)
Sigl Mge|m, Cas} Feg 4% st 9l &
ZAAMEL Aolrt whopstA EAlsiga,
Si, Mg, Caolglon], Fex 48 83l A
sdsiet.

I 32 &
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HI Fo] F2 AHF FeE By o Z
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FHolm, Na, Ca Fo] ohaf 3= et gL Si,
Ca, Mg, Fe 5ol FAEE o] F3 Mn% tha £33}
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Table 1. Physical properties of various fibers for devel-
oping source profiles.

Types Length Width Aspect

(number of fibers) (um) (um)  ratio

. Average 884 14 72.6

C(};rg)s"“le Masx. 3330 58 3467

Min. 9.0 0.2 15.7

- Average 384 15 34.5

C(r;;)‘d"l“e Max. 860 34 1254

Min. 103 0.4 12.1

Amosite Average  189.7 2.5 49.7
Asbestos 35) Max. 1,160.0 5.6 143.5
Min. 15.4 0.7 7.6

Tremolite Average 982 25 432

@1 Max. 5070 59  369.7

Min. 14.2 0.4 7.2

. Average 858 38 26.3

A(r;‘g)"f’hyhte Max. 3400 57 803

Min. 14.2 1.1 72

Average 752 44 20.1

G(l;f;ﬁber Max. 1883 85 731

Non- Min. 20 15 53
asbestos Average 816 24 37.6
R((’lcgk)w""l Max. 3930 96 1080

Min. 16.5 0.4 9.3

A9 g uAEe e duERE T 723
F& Fa 9le] oz yE FARIG oW EDXE
2MEHo g THE 4 gl

EDX A7z 245 FeU4Ee] AR¥HIE E 39
e e A Ee] FARE2 Mgo| 38.8%= o
2 AR5 vld B2 0Ee AAskn sle, Si
34.5%, Ca 15.5%, Fe 5.7% %22 vtelytch AAMw
£ Si 33.7%, Fe 30.0%, Mg 17.5%, Al 13.4% 18]1
Na, K, Ca, Cr 5¢] &% EA3h= 2oz Jehygn
ZAH L Si 52.4%, Fe v]&o] 31.6%, Mg 9.9%, Mn
1378 2R3 548 2ot b2 RSl vl
AL Fe vlgo] Wl 2 Aoz FAHANUR F
ZPA L Si 44.3%, Mg 26.5%, Ca 14.4% ZA8+3]
3, Al3} Fer} S 5.6%, 5.5%2 &% &A3150)
oF7) A AL Si 53.7%, Mg 22.0%, Ca 14.3%, Fe 9.6%
7} EAsk ) A A2 Si 53.7%, Mg 28.0%, Ca
15.7%, Fe 5.6%% A= w4 i<l #214
$ob el B4 o 2ok Kl Sk
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Fig. 4. Cumulative distribution of fibers aspect ratio by
fibers.

Table 2. Frequency distribution of asbestos and non-asbestos fibers by aspect ratio.

LW Chrysotile Crocidolite Amosite Tremolite Anthophylite Glassfiber Rockwool
N Cum% N Cum.% N Cum.% N Cum% N Cum% N Cum% N Cum%
<5 - 0.0 - 0.0 - 0.0 - 0.0 - 0.0 - 0.0 - 0.0
5~15 - 0.0 3 9.1 1 2.9 8 9.9 2 12.5 16 51.6 2 10.5
15~30 12 22.6 17 60.6 8 25.7 33 50.6 4 375 10 83.9 9 579
30~60 22 64.2 10 90.9 15 68.6 27 84.0 8 87.5 3 93.5 5 84.2
60~90 6 755 - 90.9 10 97.1 9 95.1 2 100.0 2 1000 2 94.7
90~120 5 84.9 1 939 - 97.1 2 97.5 - - 1 100.0
120~ 150 4 92.5 2 1000 1 100.0 - 97.5 - - -
150~ 300 2 96.2 - - - 97.5 - - -
>300 2 100.0 - - 2 100.0 - - -
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Table 3. Fractions of inorganic metal constituents of various fibers for developing source profiles. (Unit: %)
Type of fibers Na Mg Al Si K Ca Cr Mn Fe Cu
Average 004 3875 5.14 34.47 0.00 15.46 0.00 0.00 5.69 0.32
Chrysotile (60) Max. 203 5980 2294 49.40 0.00 39.62 0.00 0.00 2243 1832
Min. 0.00  21.63 0.00 21.42 0.00 0.00 0.00 0.00 0.00 0.00
Average 1.39 14.49 13.35 33.67 1.59 1.53 225 0.00 2999 0.00
Crocidolite (46) Max. 9.60 30.92 31.36 61.60 21.36 20.45 21.78 0.00 47.90 0.00
Min. 0.00 0.00 0.00 19.20 0.00 0.00 0.00 000 18.96 0.00
Average 0.00 9.90 0.83 52.37 0.02 3.95 0.01 1.31  31.60 0.02
Amosite (63) Max. 0.00 16.46 6.22 62.41 0.83 16.32 0.65 4.80  49.60 1.01
Min. 0.00 3.80 0.00 39.06 0.00 0.00 0.00 0.00 2150 0.00
Average 145 26.51 5.60 4427 2.34 14.37 0.00 0.00 5.52 0.00
Tremolite (107) Max. 15.54 36.06 17.37 66.62 14.93 40.27 0.00 0.00 18.08 0.00
Min. 0.00 11.03 0.00 17.13 0.00 2.19 0.00 0.00 0.00 0.00
Average 0.00 21.99 0.00 53.66 0.00 14.34 0.00 0.00 9.60 0.00
Actinolite (7) Max. 000  26.10 0.00 62.50 0.00 16.60 0.00 0.00 2282 0.00
Min. 0.00 14.90 0.00 45.90 0.00 10.60 0.00 0.00 4.70 0.00
Average 0.00 27.97 2.21 47.84 0.54 15.70 0.00 0.00 5.61 0.00
Anthophylite (22)  Max. 0.00 35.90 4.88 64.70 2.60 43.21 0.00 0.00 11.50 0.00
Min. 0.00 18.16 0.00 28.40 0.00 0.00 0.00 0.00 2.31 0.00
Average 23.31 12.22 4.61 34.31 1.70 21.79 0.00 0.00 0.43 0.59
Glassfiber (43) Max. 33.60 2208 17.62 72.00 16.96 30.63 0.00 000 1626 1527
Min. 0.00 0.00 0.00 18.78 0.00 7.41 0.00 0.00 0.00 0.00
Average 1.59 14.44 7.19 55.88 1.98 12.41 0.00 0.82 5.47 0.00
Rockwool (32) Max. 4.30 25.48 13.23 71.43 4.65 31.39 0.00 13.15 16.13 0.00
Min. 0.00 8.28 0.00 40.97 0.00 2.19 0.00 0.00 0.00 0.00
33%2 7P Wol S0 Sl Na 233 Ca g S so] HRAHE BRI
21.8%2 o2 AR5 w8 ¥ veg nygd ¢
™2 Si 55.9%, Mg 14.4%, Ca 12. 4%1 yehdo}
09 $REY = g2 S dakee 4.3 B

2apshalch A MR ZERE S

214 (Na, Mg, Al, Ca, Fe)ol| 3} Sig}e] u)g2 e}
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Table 4. Relative ratios of 5 major inorganic metals to Si
in various fibers for developing source profiles.

Na/Si Mg/Si AlSi Ca/Si Fe/Si
Average 0.00 1.12 021 0.53 022

C(lgg)smﬂe Max. 008 150 089 155 091
Min. 000 085 000 000 000

Crocidoliie Average 003 040 036 005 0.89
46) 0 Max. 020 089 091 075 101
Min. 000 000 000 000 052

Amosit Average 000 0.18 0.01 0.07 0.66
(63)5 € Max. 000 037 012 034 120
Min. 000 003 000 000 036

Tremolite Average 0.06 0.66 022 044 024
(1"‘(‘)‘;)‘ Max, 080 100 088 122 0.85
Min. 000 017 000 003 000

Actinolit Average 0.00 041 0.00 027 0.19
(‘;) " Max. 000 048 000 036 0.50
Min. 000 032 000 019 009

. Average 000 059 006 044 0.12
A(‘;g’)"phyme Max. 000 068 017 152 020
Min. 000 043 000 000 006

Average 076 043 0.18 0.71 0.02

G(La;;ﬁber Max. 096 079 074 090 067
Min. 000 000 000 000 000

Rockwool Average 002 023 0.17 039 0.10
((;CZ)WOO Max. 010 049 035 127 028
Min. 000 004 000 003 000

72 WIAR Algel el % 38070e) A= Hu
e 099 FRES A0k eURFEE
Zol, % Aol o % moF %o Beld Wl Na,
Mg, Al, Si, K, Ca, Cr, Mn, Fe, Cu 5-2] 333 Aj 2]
9} Na/Si, Mg/Si, Al/Si, Ca/Si, Fe/Si =¢] H]&g& 1}
shie shebd Aug F) sl Qides
BT, 2N, A 5 A4 Ale Age
™ Fu7L 2 Aoz SN Adse) BF
el Rl 12602 A 2 3he ngow,
2™ 49.7, 28R 423, 349 345402
B W mAEe BT Fo F2 Heyus
velon], 4 4e) AFEYNE 2012 AR 3
& Reoz e

Aol B3P 246 el WAWE Mgs} i
b YRS o3 Carh MG T} lon,
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Fig. 5. Cumulative frequency distribution according to
Mg/Si and Fe/Si in source profiles.
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