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Abstract

Air pollution has been recognized for many years as a factor which heightens the risk of cancer. Extractable

polycyclic organic matters in air particulates have been recognized as to have carcinogenic effects. This study

examined the health risks posed by organic substances of air particulates in Seoul based on methodologies that

have been developed for conducting risk assessment of complex -chemical- mixture. The data used in this

study was obtained from air samples collected in a heavy traffic area of Seoul (Shinchon) from 1986 to 1994.

The mean concentration of total suspended particulates was 158.0 ug/m3, 5% of which is consisted of organic

matter. The excess cancer risk from benzo(a)pyrene (BaP) was estimated to be 3.48 x 107¢ by applying BaP unit

risk estimates to the mean concentration. 8.74 ng/m BaP equivalents of polycyclic aromatic hydrocarbons

(PAHSs) were obtained by applying toxic equivalent factor developed by Lisbet and Lagoy. Cancer risk of

extractable organic matter (EOM) calculated by the comparative potency method was 1.0 x 1073, The calculated

risk from EOM were comparably higher than that from benzo(a)pyrene and exceeded the acceptable risk level.
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of Ha <A S Hrlsl ol HA A9 EEA
2 AAse WdE 9s o (NRC, 1983). 28y
7)1 Fe EXsle S FFEALY Hixg 44
HYridhe Aol Brbsd B ope} o]E 3IE7
A3A8S s it o Yol g
32, olgt EgA AR 29EA YrHE s A
< o] 7k A7E B3] 9% AR
SRR Xl AF i BFEA AAF st
DA EA 2 HFsled o] F YrisluA sl kel Y3
slet.

32 A G rler] dEM el A
e 2 SAGAQ 97, 99 dF, deErt
T A W Ee] F499 4 o (Krewski and
1992). e AA2 #EAEY A
(synergestic), A7} (additive), 73} (antagonistic)
et 2 A3 (interaction) S @737] 94
olg{3t W Eo] FHHLH T B oofd 33}
AE A9 BgAE ez, A7) e 4
d27 8= @ 5A, 44 284 (data point)S
A7)k A @42 dolgdet. ol wel v|F HARFA
M= At 1986l ALz E3tEA st
Wy ol st 7|&E AAsA FH33 (US EPA,
1986), °|F A&Hl d7E B A Yy
o] WA sl 23 ¢lo}(Mumtaz ef al.,1993; IARC,
1990).

A7) BgEAL Az 84 g7} (quantita-
tive risk assessment)E 93] sz vpyE2 3717
HE2 PR £ 5 Ak (Seed ef al., 1995). AA
= A4 2gEH (actual mixture) S FYZYHY 2
AHLoe Hrlete whilelx, F dAE Bl 4
¥ (comparative potency, relative potency meth-
od)22AM, AAl BgEA% e HEE 723 gjout
FAR 7 o E A B4E4 (similar mixture) <
AA BT viwsle] Frise wdelth. Al WA
= BghEale] " AY (component based)S&
q2 S Hrbshe whgoz WrEale S
¥h-8-- 417} 24 (response additive model) &, FXE
2 (systemic toxicant)?] # o= fe-Alvlnd
(dose additive model)2 ©]-&3}A Hr} 7)ol =
NEAGE o4l ¥ (hazard index, HI appro-
ach), ZAAASE o)L= W (toxicity equi-
valency factor, TEF approach) 5o| glc}.

olefst W EE & vwA @& dF7} Hee
W Ao] t]olAl #EHE (Lewtas, 1985; Albert ef al.,

Thomas,

7| LAeEA) A 12 A5 5

1983)o] EAse oIS g3l AF (polycyclic
aromatic hydrocarbons, PAHs) 52 ¥ &3t o3
HEEE £.71 2984 (polycyclic organic matters,
POM)eld}. o]= ol AJ¥-Eo] 714 2 d3Al et
A7 A Qe njHe o] 27 dEQd,
o3 $4E I (1990) 0] o2y 7] e Bl o3t
A ke drel glolA 7] 3o Ff-He] o) PIC
(products of incomplete combustion) 22 Ba]$
= B W EEo] 35% oA 7|guta &}, E
3], AEA WEEo] I Ysfel 88 JFL 5
Rog ez 59 A¥o] POMoZ, o) HJBe
23 9l ghuidry, ZaA 9B Tof ulsl gulk o
7| (ambient air)® 54 LAY o2 FRE £ g
7] wjEel 2 He)o) ofegn Iy ARS R
¥ A M AlFE] AT Aof 3 datelrx &
7ot

SeEvetel T 25 vl2A 7] B gl
g A7 AgEe] o EA {r55E] B
o] #lE ¥ glon, benzo(a)pyrene(BaP)o2
HEHE PAHsE v]3 A3 3 gl (b 25 & ¢
1992; 453§, 1990; AN . 1989).

et Sepveke] F4Ea 20 AR $2 elAq)
Aedoa ouinhde JFE FI el feMe=
 geix QA o, o H3 ATE wA ¢ A
ol gl

utetd o] A= EgEale] $jAIHsL ubel o8
AT +FL AFHoR Fole) Bua e Ao F
¥ EHeg of g8 A M2 4¥F 2E EXA
Aol A Fxizk A3, FHE PP 29ELS A
AR 3 of i34 GdEH 97 gsizs B8
39 a4z} dhyel] o8 =g ulwsle sb%
3 el s W E Hrlsle

rie

3
4

cE e

2. AT YH

2.1 7| RFEXe MFH % 24
B2 ABE 1986URE 127097 (phase 1), 1987
JRE 198839 127097} (phase 1), 19909
199139] 127447} (phase III), 1993y-¥ 19943
o] 1174947t (phase 1V)zF 24U 222 phase
I~118) AEe ojv] B1Y v} glo (st & &,
1992; ASA F 1990; ZAAd T 1987).

TR FHL AEER T 65 HE Yol A slo]
E-Folo]41 &8 (Andersen Sierra-352, US)Z 3
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| Aoln, ¥4 F9 355 3l 5715 (extractable
organic matters, EOM)2 ul4 (fine, 2.1um 9]
), Zd (coarse, 2.1um oA YAE o] die
thylether®} cyclohexane(8:2)2.2 %23 F&4A
& AA F&9 Zeld. ®, phase 122 F{FE
1986 =9 A8 294 (2.5 um o)A, njwhe| 317
FHoz AFE Aeld, FEH fUELE S0EEHE
o] &3t A (acidic), %714 (basic), %4 (neut-
ral) 22 Bg3s3n, ofF FAHEIHL TLC (thin
layer chromatography)Z o|&43%le PAHsulE %
g ¥, 7lazzelEaws]s HFEAEg.

2.2 ctl 23 (BaP)oll 2|8t sz FA

BaP2 PAHs33E9 SA%4 prototype %=
surrogateZ A5 o|§Fi gH, BaP wdEANeE
Aol bAde)l AFd A At gyl el %
& HAE HrkE] HalMeE FEARE o]43ledA
29 94nAL AH e} gl

o37]M= BaPe| 2 &= (unit risk) & +3}7] 9
& EPACIA |43} 9= BaPel it 2319 584
T (Neal and Rigdon, 1988, Thyssen ef al.,
1981)7}$-dl Thyssen % (1981)9 male syrian
golden hamster& Aoz 33742 E E§ 59.55F
7 AR ARE o] 43l

T4l A eFone] o4 u Lo A Ak
= Tox-risk (Version 3.1) packageZ o]£3}¢] 1,
n]Z SRR IAAN P AT A pH G-
e R 5o Sl M 1A B Ais B
£ A3sty odd 24 (linealized multistage mo-
deloll A el dAHs =S A s

2.3 S8 3 (PAHs)of| 2§t sl

LAy A2 (dose-additive approach)Z9)
shel EA A A 4 (toxicity equivalency factor,
TEFs) A2 & 5884 sloiM A7 gaE
in vivo SRR} £533 A gl 54 3t
EA46 dsled B, FERAHCR JHY °& AL
9 54, ek AR g yrleir] S8 AHEE
olt} (Seed et al., 1995).

E 1ol A37HA 231w ole PAHs#HEE
BaPel o3t TEFsZES Jeblgdel. o 7k 713
Biaeln #A4F MAY7MsE, T8 o2 PAHsES
of tjat wherel-& Ak&3) Nishbets} Lagoy (1992)9] 7t
£ ol 43te] fEvtel A7) F¢ PAHsO| FE2 FE

Table 1. Propsed Toxic equivalency factors (TEFs) for
the PAHs components.

TEFs proposed by

Nisbet Chu and
Components and Clement Chen EPA

Lagoy (1986) (1984) (1984)

(1992)
Benzo[alpyrene 1 1 1 1
Dibenzola, h]- 5 1.1 0.69 1

anthracene
Benzolalanthracene 0.1 0,145 0.013 1
Benzo[blfluoranthene 0.1 0,140 0.08 1
Benzo[k]fluoranthene 0.1 0.066 0.004 1
Indenol1,2.3-c.d]- o1 (93 ¢017 1
pyrene

Acenaphthene 0.01 - - 0
Acenaphthylene 0.001 - - 0
Anthracene 0.001 0.32 - 0
Benzo(g,h,ilperylene 0.01 0,022 - 0
Chrysene 0.01 0.0044 0.001 1
Fluoranthene 0.001 - - 0
Fluorene 0.001 - - 0
2-Methylnaphthalene 0,001 - - 0
Naphthalene 0.001 - - 0
Phenanthrene 0.001 - - 0
Pyrene 0.001 0.081 - 0

ZQAY 5 (TEQs) & Tstdth

2.4 RI7|FEE (EOM)oll o8t oty

%7] 4 & POMel| oJ3h 4] 9] =)= it )
X A& (comparative potency method)el ulz}
Fas ¢8 il 97 (tobacco smoke) 3 7ol
AA AFA47} A EFEAS 2 A #A
gt in vive AR7E 9 d71Ee POME| in
vitro AR9} v]Z Hrisld AAE SR EHA
£ 20 vjebd wpel 2o} 1.3x107°2% FAH v} g
oh. o} & EAFAS da EOM FAY £ (4,97
%)& ej3te] POMo] opd LAliatell 2)qh 4] 93
=% 7Y 6.5x10°%|t},

3. @y o @

198658 N AEEY & MM 23, 37t
H S4EAe) Fe4 B4 Soelel nu ohE 3,
49} e},

3,45 55 & Ax AE T ZEA A
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) 2 Qg == H 158, 0 ug/miejglen Azt ng/m®, ZWYAFA 0,47 ng/m?e LPJEE R},
HEAE B A7} 200 pg/miel] o] 23{c}. o v]  ZYA A indeno (1, 2, 3~cd)pyren®] HAFE
AU 292 98. 4ug/m’E FHF-2319 60% o] U} ¥ AL ZAPIT Feol 2% A1 3L 2

S AAEL glen, ol WA PM-10 247|E A R R 3, ¥ A4 d n)d, z294st
(80 ug/m*)& |3 slek. o37le] Fid FEA71E 9 FEZ ARSI njdEe] B o, 2% FAA<
FEE oA, 2dUa ZF &l 7.86 ug/mPoR ¥ Aolr} ¢l Ao Jeht 2Ax o] 2del w2
A FALY 5% Axst F71FR FAE 3 o] f  AAHQ FFE A A g 2R A & 4
7189 80% HE7 FAAEYL & 5 A d7lM Qldh =&, old dF (e 4 4, 1992)oA
EOME £%5 £39 718 549& 5937] $fsted o]  CO% PAHs9 $EH|E ZAHE sfo] F4H o] x99
45 AR o4y 53], EOMS FAYYdx=  e4d8lo] mEatFelels A S gietd) £ o, izt =
PAHs, nitroarenes, aza arenes $°| #=el 31 AR o] Ao 7] AFuiEEo] o3 A= 29

=3 EA4S Bol g & 4 9l

137}2]¢] PAHs3H3E & chrysene, pyrene, ben-
zo(a)anthraceneo] B3 ¥2 ¥ T & HolT glo 3.2 th7| R 22X = BaPof o delgilz
o, PAHs% 9 84¢) BaP& v UAtelA 7 2,07 Thyssen % (1981)9 £Eza AHAZE o) L34

Table 2. Cancer unit risk estimates for POM and particulate from typical combustion sources and related
sources as determined by the comparative potency method.

POM Unit Risk(lifetime Particle Unit Risk (lifetime

Emission source . ) 3 risk/pg particulate Reference
risk/pg organic matter/m?®) matter/m?)
Automobile~-gasoline? Lewtas, 1988
Catalyst 4.2x10°3 1.8x10?
Noncatalyst 1.1x10* 1.6 %108
Automobile-Diesels?? 2,3x10* 2.6x10°° Albert ef al., 1983
Trucks-diesel? 6.6x10° 1.8x10-¢ Lewtas, 1988
Air Particle Extracts'-® 1.3x10 Lewtas ef af., 1991
Coke Oven? 9.3x10* Albert et al., 1983
Tobacco Smoke? 2.2x10¢ Albert et al., 1983

D Based on the comparative potency method that compares the relative mouse skin tumor initiation potency of the
POM from particle emissions from these sources to the relative human lung cancer unit risks for POM emissions
with human epidemiological data (coke ovens, roofing tar (coal), and cigarette smoke)

2 Average of two light duty diesel vehicles

3 Containing ambient woodsmoke (64%) and mobile source emissions (36%)

4) Based on epidemiological data

Table 3. The mean concentration of air particulates, extractable organic matters (EOM), and its fractions in
Shinchon, a traffic area of Seoul.

Air Particulates EOM

% i i : B: N°
(ng/m®) (ug/m®) % Organic Fraction A B: N
c Particl 62.4 2.05 3.29 12:6:82
oarse Particles (40.9~83. 9) (1.56~2.78) (2.59~4.13)
Fine Partic] 98.4 5.80 5.89 12:3:85
ine Particles (73.7~113.5) (5.33~6.21) (4.61~8.13)
Total 158.0 7.86 4.97 B
ota (135.8~198.5) (7.68~8.11) (4.02~7.16)

* Proportion of acidic(A), basic(B) and neutral(N) fractions of extractable organic matter in air particulates

gad7)ndetez) A1z A5 5
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Table 4. Average concentration of PAHs in coarse and fine particles”.

EqHEo] o detdAAd Fok 571

(unit: ng/m?)
Components Coarse Particles Fine Particles
Fluorene 0.214+0.34 (0.01~0.73) 0,30+0.50 (0.02~0.97)
Phenanthrene 0.244+0.30 (0.11~0.71) 0.86+1.10 (0.60~1,68)
Anthracene 0.37+£0.70 (0,02~1.56) 0.3140.51 (0.09~0.95)
Chrysene 0.51+0.73 (0.44~0.56) 3.68+4.62 (2.41~8.45)
Fluoranthene 0.56+0.74 (0.44~0.82) 2.63+3.76 (1.90~5,03)
Pyrene 0.69+0.87 (0.28~0.66) 2.84+3,97 (2.12~5.12)
Benzolalanthracene 0.504+0.67 (0.27~1.33) 3.09+4.42 (1.36~8.44)
Benzo{b]{luoranthene 0.44+0.50 (0.25~0.95) 2.59+2.75 (1.32~4,83)
Benzo[k }fluoranthene 0.63+1,02 0.92+1.40
Benzol[alpyrene 0.47+0.52 (0.30~0.73) 2.07%£2.09 (1.43~3,53)
Indeno(1,2,3-cd)pyrene 1.03+1.59 (0.15~3.97) 2.05+2.49 (1.38~3.77)
Dibenzo[a, h]anthracene 0.11+0.16 (ND ~0.21) 0.93+1.39 (ND ~1.50)
Benzolg, h,i]perylene 0.37+0.64 (0.20~0.92) 1.66+1.74 (1.18~2.00)
1) Mean concentrations of Phase I1 (1987~ 88, 12 months), II1(1990~91, 12 months), IV (1993~ 1994, 11 months)

2) ND: Not Detected

Table 5. Unit risk estimates of benzo(a)pyrene by multistage model.

Cancer Potency Unit Risk Virtually Safe Dose
P-Value (mg/kg/day)-! (ng/m*)~! (ng/m?)
MLE" 95% UCL? MLE 95% UCL MLE 95% LCL?¥
Multistage 0,43 1.31x10? 5.86 1.41x 108 1.68 x10°¢ 2.67 x10°4 5.97 x10-7

" MLE(Maximum Likelihood Estimates)
2 95% UCL(95% Upper Confidence Limit)
3 05% LCL(95% Lower Confidence Limit)

BaP9] @418l =& ZA4 3 A3 Ple] 0,032.2 24
o] Agxsl epgalr] dsbr) Aol FEAY AR 7}
o 4% APFAE WL (FEAYNAMS Lol
i} 28y AAeEE A 4 doke S48
71& wel5eA) oA modelingg FaEtelct. o
Ao A= PZlo) 0.430]22 A4S WolEd 4 gl9l
o] o]s} o] A& WYY (cancer potency), T
g98 = 282 AAAH ALeF (virtually safe
dose)& F 50l AjAssdch.

e slal=dk “T0kge] A7 Aele] 70t 2AA
Aol M sFEA e r 29" F7)E vl T A
o o2 Alnhat 2AHYE (excess risk)" & YAe
Aoz, x¥&H7t FAHAM =Ed HEYG 23l
Nolut dFADe A Fafat 38k, F gfe] A &
25 T = Aol (e A 4, 19925 NRC,
1983).

s A 7Fd 95% AFRZE (upper confiden-
ce limit)e] 9 7}% FA A (maximum likelihood
estimates, MLE)2A B4 22 o oiysil 352

AZE o B3 5 3t B4 ghol7] el o

BaPo| 9]z o|43tx, ¢A A HHEA
% BaP9 W#5%q 2.54ng/m*S Z¥3te] Letels)
8 AT A3 4.27x10°2 YriEgich & 70kg

o AFE 73 9l A7E Aol ¥ BaPY %
FELE 9dd F71E HA I A o, o2 <l
ZE7A el 233 AT HFo] 7 Yuhyd 49
o3 FAY 4 gldh

e FTEITE B #sA BaPd It A
w2} TARC (International Agency for Research
on Cancer, 1983)d A& BaPg <lztdlA #3g
(probable) = 7}s3l (possible) WorE3 (Group
2A, B)eletn 5313 gl v #ARIAGHE
A PANESE PAHsS] A7k ek] dajM 42 7}
Aol E 275t 7)Y §PAL 2R X5l o}
A7A % IRIS (EPA’s on line integrated risk
information system)el| BaP¢ #arzbajg o} 19
AAEAS 4T Za A o)A AEUH 3
£(1992)9) dFolAN BaP9 299185 Feron %
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(1973)8] FEATE o] 43l 5.2x 1072 FA 3 u}
gloy} o= &A= st ZlFA AA (intratracheal
administration)o] 2|3} 71 2.2 387 26 2|3 PAHs
9 A xZe] FLI L Y ool (Collins et
al., 1991) FU=A A A7 Y98l FA 27}
279 28 98 HREoE US4 A 9
24 xZo 9 A HHE Frsvld o gzl
AT ol F FHsEdoE ZEHLR @2 o g
w27] dgol ole] ;g At @A} e Ao} AlAle]
o

3.3 IR RETE F# =3 (PAHs)o| 9
B e

BaP9 ¥x& 39 TEQY 32 8.74ng/m*2
2 AEHAG (X 6). TEFE o)&3M BiEAle]
HHA=E FAG T o £ dFeME Azt
A2l TEF Aol did Frioh 4ehgSs 31243 44
Hrlegdelgie AL st LAY HAEE A&
s,

fe-A7t 43 (dose-additive approach)2 #l
A7l ZA A A S (toxicity equivalency factor,
TEFs) AW 3 3EA glolA /M7 3359
in vivo SAARS E5E3 39, o48A BF st
EAo dist SAHH, 7o JdY ofE MY
29 =4, ot AL Wrlksy] e AMEE ay
o]t} (Seed ef al., 1995).

Agel v]F $H B3 M= PAHsY $8i4de ¥
7ksl7) sl hEA, HEER F RRR o] ub
94 PAHsol: BaPelld FA whetatagzhs o &
gl Hrlslglel, 2 F TEFS] sdS o] &s)A gt
A PAHsel:= “17-%, w]#std PAHsol+ “0"S A
Sk, AAze o ¥ WA PAHsY}
BaPHt} EAe] oFs}7] wifel o] whys HdHrigt
4 olge AHE A =Hds @b Chust Chen
(1984) 3} Clement 9142 (1988) S+ PAHse o
g AdRAH B dg ARE Friste o
PAHs3}3MEel et A3 A E Hrlstr| g £
Ags s e g 2ey o] A BE
L F8 "7 EAGN dubHoR AEEE Ao 3
FEETS F83 Folehe Algge] Sle] da) o] 4F
e 2skgdrt. o] Fol Nisbet? Lagoy (1994)) 2]
s &l MEA AWzt A2 TEFZe Au=Edds
g o] dFAEL 422 % tho| XAl spabrlA R
EAA B Z712 o8] TEFHE A4 RokE 7loje}

7| ZAGEHA) A 12 AS &

AL R LSS

TEFE A-4317] A3 71AS HolEo]=d gloiA
Nisbet$} Lagoy (1994)3= £3H7} g2 oy
A e EHolgt dtjzty o)Fo] wWetEalst 7o
TEGY Yoz AL FTEAYFCE ZH8
AFEE (Pfeiffer, 1977; Schmahl ef «l., 1977)
uhol5o{A PAHs %5 BaP3} 72 wigbAle] 9l B
]98] olAdAA gt ApEstAS AAg Aojul,
=& BaP3} dibenzola, hlanthracene®) ©HEEal oA
o wetRge £ EAS FAld Fo¥ A4 FE
A Aol M o & WGEAE Wolck= 24 (Pfei-
ffer, 1977)5olEe 7 PAHs £49 Ads5A4S
A7H (additive) 22 A4& 5 Ao o5 A4
g A= oA, TEAY 283 @dEas
Y $Ne dFEAE £EHo= Algsld 7 g4
=459 AHEAE T3 Aoy £3) Aws) Fig
BaP¢| 54& 7|22 &3 gioh

TEFA 2ol o webelas o2 weta] Al Ho
o E4E AS #H4 Hokd 5 dokE e 9l
PAHs® 2Ae] g8 7% f83lv, 747} PAHs
8ol <A sk Hg AHH A7} v @
AE 71 gl

gAY 7 AR5 FATY Tz fAalet o
HEAELe 5483 3o A71A (additive)oz
Zggtehe M stel AMEEA 713 B dig A
AH (relative potency)< 7 233+ g€ TEF
2 ®Hdo, TEF? 71d2 #&< polychlorinated
dibenzo~-p-dioxins (PCDDs) %} dibenzofurans
(PCDFs)3 -2 E3tEale] 4% Yrishr| 948 =
H4 (interim) ZAFGo2 Ao}, d4 n)F
4R34 PAHs, PCB %9 253 Hr3s)
=uh2o7 FH3y 9 (US EPA, 1993).
dubA 02 JFA 7| ol M= B3HEAL A A4 Y
o 4] AF&rzl (upper bound value)ol sl TEF
Aoz ¥o gA%d x5 H4slax 3y
A AERAS, 71854 AFE S8 9oiA Al B
o) 7158 F3ab ¥} (Seed ef al., 1995).
ol@A 3t HolAl TEF: 72t AR5 %o F8
A EAE7PEE (toxicity equivalent, TEQs)E 4}
34 =2 S FAdolu} ek TEQsY §o
2 5¥ Hridoh

gy o] ATHAE o7 7Y AT gled
& szt AEE F3habole] i wbSAlole] A

A Aolt sdehs Aeldh. o2l Aol AiatA

]

r—

£l nfu
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Table 6. Benzo(a)pyrene equivalents (TEQs) in air par-
ticulates, Shinchon area, Seoul.

Tpxic“ Mean“‘ "
Components Eq;g Caltlgrrlcy Co(ngg}trn?gx)on (ng/m*)
Benzolalpyrene 1 2.54 2.54
Dibenzola, h]-
anthracene 5 1.00 5.00
Benzo[alanthracene 0.1 3.59 0.359
Benzo[blfluoranthene 0.1 3.03 0.303
Benzo[ k]fluoranthene 0.1 1.55 0.155
Indeno[1,2,3-c,d]-
pyrene 0.1 3.08 0.308
Acenaphthene 0.01 - —
Acenaphthylene 0.001 - -
Anthracene 0.001 0.68 0.00068
Benzolg, h,i]perylene 0.01 2.03 0.0203
Chrysene 0.01 4.19 0.0419
Fluoranthene 0.001 3.19 0.00319
Fluorene 0.001 0.51 0.00051
2-Methylnaphthalene 0,001 - -
Naphthalene 0.001 - -
Phenanthrene 0.001 1.12 0.00112
Pyrene 0.001 3.53 0.00353
Total 8.74

Y TEF by Nisbet and Lagoy (1992)
» Mean concentrations of Phase 11 (1987~88, 12 months),
11(1990~91, 12 months), IV (1993~1994, 11 months)

2ol HelelA 47 AT 2 4 gk 237 W
of TEFg24el d354e 239 Bigs 348
ol H® 23 Fol AN ARHN A2e 5
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