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Abstract

Asbestos is the name of a group of minerals with long and thin fibers that originate naturally in the environment.
Asbestos mainly affects lungs and the membrane that surrounds the lungs. In general, PCM (phase contrast micro-
scopy) and PLM (polarized light microscopy) have been used to analyze asbestos fibers. However, these methods
have often problems to over-estimate number concentration when counting real asbestos fibers. Moreover, there are
many difficulties when separating and identifying various asbestos and non-asbestos fibers. In order to determine
quantitative information on fibrous particles, source profiles for asbestos and non-asbestos fibers must be initially
developed on the basis of their chemical compositions and physical parameters.

In our study, a SEM/EDX was used to develop source profiles from known asbestos samples as reference sam-
ples. We could make the source profile matrix consisting of 6 types of asbestos fibers and 2 types of non-asbestos
fibers by analyzing 380 fibers. Based on these profiles, a rule building expert system was developed by using the
visual basic application (VBA). Various fibers were successfully classified by 2 simple rules in the EXCEL environ-
ment based on several visual steps such as inserting data, viewing results, and saving results. For a case study to
test the expert system, samples from a construction materials and from various indoor environments such as a resi-
dental area, a preschool classroom, and an underground store were collected and analyzed. As a result of the survey,
a total of 76 individual test fiber particles was well classified into 5 different types of particle classes; 9.3% of chry-
sotile, 15.4% of amosite, 0.8 of crocidolite, 4.2% of tremolite, 5.8% glass fiber, 21.1% of other fibers, and 43.5% of
unknown fibers in terms of number concentration. Even though unknown portion was high, it will be decreased
markedly when expanding fiber source profiles.

Key words : Asbestos, Individual fibrous particle, SEM/EDX, Source profile, Expert system

*Corresponding author.
Tel 1 +82-(0)31-201-2430, E-mail : atmos@khu.ac.kr

R0 7| et HA A 24W 235



.o B
A (asbestos)= YHbH o=
FEA] Amdzel M4
material, ACM)& 7} Mwe] 282 ALEA A
HEQ] WA (chrysotile)#} ZHIAA] FEQl 2
H (amosite), A9 (crocidolite), 21414 (anthophy-
lite), Y2 A (tremolite), ¢F7] A (actinolite). 0.2 v}
Ao Hm e 7te] 3370 ashe B Avz
F450, of 3099) 2718 AH 9 (ung can-
cer), 3| & (mesothelioma), A #| = (asbestosis) %
2- f-bstol (Dusinska ef al., 2004; Wylie et al., 1993).
Bol olel A #:A= 9k (Frumkin and Berlin, 1988)
QTS fubed, A 3 AL 9 (Maclure,
1987). o} & "i“ﬁ«] A el el A&
20099 19RE] 28 Mol dis] Alx . 9 - F
E-AE E2e AME AT Ao (=8,
2007). Aol AR 4 w2715 wE Al
dsted wjZ FPARG A B9 (NIOSH, Na-
tional Institute for Occupational Safety and Health)2]
H37)F(NIOSH, 1972)3F 543 0.17)/ccE W=
7Bl v (B2, 2002). =31, gukelel] Higt x=F
I HE sl vhpo] Al ¥ A3 d dele
Me HA7E 00170/ke ofstz Asta (37
H-, 2004).
2Ee Adel| Hd o] A 3 AEE
oAl HlEE= W] Fo] Mwx%x(Chesson et al.,
1990; Guillemin et al., 1989) 5-& ¥|33}e] A o]
Z3E AEAANA UAEE Ao g3t AT
(Helsen et al., 1989; Spurny, 1989), A}5-x}2] o]+
A ¥MIEEE= 7] F AMYxx dF(Jaffrey, 1990),
el Fere WAL AW A% 4730 T4
(Wylie et al., 1993) o] $3]% u} gl om 2o
Ag2p A S A A oM 2] Mg ol T (Livkonen
and Weir, 2005), M - Fol| A 28] A B33 x]3Ld
3t ol - (Bhattacharya, 2005), Z8]31 A=e] ¢4
EA)ol| H3t 9 (Dusinska et al., 2004) S Alel] A}
USSR A A A
W] A= F2 Z2AE date=
,%.AM(%-‘;} L 2002; #H32, 2001; ™
1991), AA&ArRell A A EE AW

Aol A A==

=. O
-5

f

.&;«L

% (asbestos containing

o} BAlo) dj3t
1993) S-o] gl o oy
lﬂ*l@"ﬂfﬂ«l Mg ee] o3 o
2005; o7& X 2004, 3H9A, 2004, HAFE 5, 2003;
AHE 5, 200207 S8R v At 2 42
Agzbel] Wi3 Awe] ApE A el gk
W Aol g Arh B, BN ..
$9) 5hel 9 wiol G AR AT =9 A5
st 7)%-2(1999), §-43) £(2001), Caneve et al.
(2005)8] AF-2 Aj&)star v {3 Al ojr.

weba] B GFoME A 9 viAE ARl o
g Aglel B W Eele 3 =g et
sqch. 012 18l SEWEDXZ |43l 7|2ARE
BAEe] WM, A, A BHN, oF7)A,
A o 657 A 24, g 59 2
zze) nAE Ao dakd 99 HFE (source
profile)& 7WHslsr, B xu5E 7ixX)9 HR2E AHE
7hA <8l (expert system)-& 88 g TS Jd
e ) fasich & AFelAE mjel=
Abol| A 7Rk VBA (visual basic for application)Z
o]-g3led Mw 7l wjMy A{-E el 1 FF
2 2ydle 2z a3E /pEsian. HEH oz
SEM/ EDX2 o|&sled m3Alg 9 Qutd], f-o}
A AL F) A Bl SAR ARE
Mgk e e ¢ X }ﬁmﬁ‘- Al-g-sled TF AR
gl A Ao A)e] A gl wiME el S B
g ol e XHukd o g :§‘=}- 218k o)

wWe, o,

l

2ATE

2. o7 Y

2.1 ANRMS % A

Mz WA A5AAS BAE A6 s
(reference sample)q] & Al® e 37| F Al8E A
Halgot JleA]ie R & (standard sample) 2]
o)z Amerel, 4ulg HE kA B2 FE
ol sl GRulm AL AF (stub) Aol A
A28 AFstglch g, B Aol AR FAZ
2 Zeldly] $ste] dub AW 37 FellA
Neg AR ARAD Far ABBAo
i) et ol F 2 QAsistent A
Fozx APl T 2 AU

J. KOSAE Vol. 24, No. 3 (2008)



348 FoJo} . o|elA - ZFE

ABEHFE AR 9 AFHAUE ARl 3]0 H
=25 AAZ] F ulg HoerWE 1.2~15m ¥
A A)g3)2)7] (224-PCXRS, SKC Inc., USA)E o]
438l of 3~50/min®] {-FFo 2 4|7k oA} A
sttt Al2AH7IE G9AY FFRAA (Drycal,
BIOSINT. Co.)& o]88lq & A& fH3Fg W
Al AAFAE A E o] 88 ApH RAME
AgiAabs g ake] BAE 29 84 24
slob 317) o, 2ale) A 2AT e oiX
Yol A2 Aol Fasjeh 2 AN vhel
%F335hH, SEM EAo] £o]3t polycarbonate mem-
brane filter (3] 25 mm, pore size 0.8 um)7} A3
preloaded cassette (SKC 225-1604)E Al-&-3}sdich X
FE Az dAA OBl 2~4Y7F F83] )
g & ZAlekslodvt A) 8548 Conner ef al. (2001)2]
AEIAF2] SEM/EDX £ A1 g2 Fujubygs) o5
ol g-Al e AWF|A FAA Y (371, 2004)
£ Fasigy.

AA8 A2 SEM/EDX 2 348 o), Aoz 9l
Zpel] Asl7} Aol Aol H 1A A, YAE AR}
Hell oJ&] epHE7] W] o]F WkAI3lr] $3}e]
ABRE A=Al 3= zEd et d (753
%%, 1999). A2 IRYPo=Ee AAFA}
Huld Alge] zIEuyoz Felznl AHEH
(plasma sputtering) 53 AHE] FZEY (sputter coat-
ing procedure)g A st} AAE= 12~1/42 A
Fsle] Aue® 20~40nm T/ 2 el & o]
B AF slAHo|ZE o]83te] TAAAH SEM/
EDX $4F AASH (3 gt &, 2007). 54327
& ZAHE 3B ol BEHE XA B8 A
ArFIBz MO AEgrE dFo(HA4dd 7]
E4, 1999; Ao A3} 7 E<4 1997).

dubHon Mwe FHel BAE BA = 4 9
748 v| 7w (phase contrast microscopy, PCM)3} 3
& u) A (polarized light microscopy, PLM)%-& A}
S0 el ol T P AR g 3
Aol 4 glew], Aust name vl sk
H o}2]-&o] ¢lv}. 28} EDX (energy dispersive X-
ray spectrometer)S F-2HsF X x}FAw| A Y (scan-

ning electron microscopy, SEM)& A-8-2] Ez]4 &
HE ohizh WAHEE $HHA ARY FRE
A1 8] o] £-0]8}t} (Beaman and File, 1976).

ghsrel 7] 73 85 A) A 24 A 3 5

£ A7l A 2Bl AHE-H SEM 9= Lei-
carl2] Cambridge StereoScan 440, EDX¥ ¢33 Ox-
pordAF2] ISIS Link 4002 A3} SEM2 beam
current 400 uA, 7} Y 20 kV, working distance 24
mme] 2FEz7e s 2Esdch

2.2 249 ERE MY MEI A"
HE
B Aol Aga vAE Adfe 29
2 AFIANAR ASE Sishe o A2 2
2 PpEsledot. 7ix, SEM/EDXOA] g4tated &
& elH gu 2 o 24 & ek Au
At F=|A WL Z o] (length), F(width),
4] (ratio, L/W), 2o 5 47FA] o, &A= 33
H43= Na, Mg, Al, 81, K, Ca, Cr, Mn, Fe, Cu %
107}#] ®Ao)v) =8 NIOSH 7402 vbH (NIOSH,
1994)& Faste] Ay 9 wMw 458 ZASH
F8 AAEF Sig] 8] 5 57hA] u[E-S sty
(Fdo} &, 2007). $19} 22 ART FIEe] WA
o, AN, 24, 2444, 24N, 71 59 A4
A9 g, fElAdg 5o BlAE AR 52 871
A] 22 g o9 FREE A
ZAAd 29Y EHEAss IR ARE HE
kA 228 (expert system)-& sk o #8590,
HE7PA 2L AFA S S8k T shtaA,
A sl BA ool FFE] 28 AFA e
2 FAIE A WS AAE T AnE o
AlAEleld) F9 FAILS 2 A o] A (knowledge base)
2¥E, ZZ4A (interface engine) =E, X]2]) & S5-(know-
ledge acquisition) 2.&, A™ (explanation) &, Al-&
Z} ole]#] o] A (user interface) B E2 FAET (3}
= = 1995). AR AJAEL2 LISP, Prolog, Small-
talk 53} 22 QAFAE s AHEAL C B
FORTRAN} zh-&. 7]ze] 2 relolo]B ALg-&lod
Auargl 4 glek & el 2R Oeiule s de] o] 45
= Visual C++, Java, Visual Basic 52 v} t}ol
A= ubAs 22 oekgt =7 (tool)Eol A AlF
Ho] Bxhgt fx= Z2 v AAE dhte] F§
7 gl AHEs] Fo2R AZHE HAH
ofel B3t wl% % AAe| U HG
2007).
B QoA ulo]l AR AT EAL) A FPEEE VBA

5

o e

2 ool it o

o
:E
O
i,
r o

W




A28 o 43 A 2 ulAEe] BF 9 g 349

y

y [ Not fibers
D=
' Fibers |

8 Case |7~ Chrysotile
_classification Crocidolite
| Other fibers ] Amosite
Tremolite
Unknown ] Actinolite
Anthophylite
Glassfiber
Rockwool

Fig. 1. A flowchart of an expert system for classifying
asbestos and non-asbestos fibers.
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Table 1. Statistics of fiber Iength', width, and its aspect
ratio of each fiber type for developing source

profiles.
Number Length Width Aspect ratio
Types

of fibers  (um) (UM) Mean Range
Chrysotile 53 88.4 1.4 72,6 15.7~346.7
Crocidolite 33 384 1.5 345 12.1~1254
Amosite 35 189.7 2.5 497 T7.6~143.5
Tremolite 81 98.2 25 432 7.2~369.7
Anthophylite 16 858 38 263 7.2~80.3
Glassfiber 31 752 44 201 53~73.1
Rockwool 19 8l.6 24 376 93~1080
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Fig. 2. Scanning electron images and X-ray spectra of ashestos: (a) crocidolite, and (b) anthophylite.
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Table 2. Classification results for various indoor air samples by the developed expert system. {(unit : ea)
4 P P Y
Asbestos/Non-asbestos
Sample No. of Gl Other  Un-
data  Chrysotile Amosite Crocidolite Tremolite Anthophylite Actinolite ass Rock  fipers  known
fiber wool
Ceiling materials 30 5 4 1 5 0 0 4 0 0 11
Residental area 13 1 2 0 0 0 0 0 0 2 8
Preschool classroom 20 1 5 0 0 0 0 2 0 -3 9
Underground store 13 1 1 0 0 0 0 0 0 7 4
(a) Ceiling material (b) Residental area
Chrysotile Chrysetile Armosit
g mosite
Unknown 7% 57 15%
37% Amasite
13%
Crocidolite Unknown Other fiber
. ' . 3% 629 15%
Glass fiber Tremolite D 0
13% 17%
Chrysotile Chrysotile .
59, ' Unk 3% Amosite
Amosite nNKNOwin 8%
Unknown 25% 31% .-
45%
(3lass fiber
» 10% Other fiber
Other fiber
15% 53%

Fig. 3. Number fraction of ashestos and non-asbestos fibers collected in {a) ceiling material and indoor air environ-
ments, {b) residential area, (¢) preschool classroom, and {(d) underground store.
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Fig. 4. images for ceiling materials.
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(a) Unknown fiber (b) Unknown fiber
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Fig. 5. Unknown fibers for preschool classroom.
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Fig. 6. Comparison of fibers and asbestos number con-
centration in various sampling sites.
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