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Abstract

Eight aromatic hydrocarbons were quantified in a newly constructed building before occupancy during the
period of November 1997 to January 1998. Air samples were collected in 6 L stainless steel canisters for 8 hours
based on working hour. It was found that the measured total concentration of aromatic hydrocarbons decreases
rapidly with time up to a steady -state value. However, the fractions of each aromatic hydrocarbon were not greatly
changed with time. The concentration ratios of indoor to outdoor for aromatic hydrocarbons are greater than 1
during early period of the measurement, and the ratios decrease with time. The concentrations of toluene, m~+p—
xylene, ethylbenzene, and o—xylene are much higher than those of styrene, 1, 2, 4-trimethylbenzene, and 1, 3, 5-
ftrimethylbenzene in indoor air, The concentration fractions of m-+p-xylene, ethylbenzene, and o-xylene in
indoor air are about twice as high as those in outdoor air measured during the similar period. It was concluded that
the aromatic hydrocarbons were emitted from building materials, paints, and adhesives in an as-built building.
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A BzE s e (ZH4, 1999; Jones, 1999). AW
el RFE3A, 712 (CO, COy, NOx, SOx,
HCHO, Oy), ¥ 7}, 2+, 14, |42, #'34 #

1. M £

AA LA s AbgEe] QEgTo] A
wel Aggeka]el Qlzbe] A AA7HE T A
ukgko g wslm glvh AHAEL 3F Al7le
80~90%& F¢, APEA Fo] AW F7ielM Bz
gl.o.m 2 (Shahsh Singh, 1988), =8 A1 8740)
g3 AdxF &30} wolA| T glon, YA ow
A 2714 (JAQ, indoor air quality)2] =840 =

7] &8}+E-(VOCs, volatile organic compounds) 5t}
gt 2dEAe] FEASIH, HZ B¢ VOCsoll o
g Aol FHeH ez FolA old HE ATt
e S (A &AL 1999; vHta s
I, 1999; VHEHAE 5 1998a; WAL= G-, 1998; WAL
s 2841, 1998).

AW F7lel M 1ppbE 23R VOCsi= o 350
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o] Foly, 4w F2] VOCs7}t 1ppb o)3lz &5}
= 7)'1 o2 FART gich ARG ==
HEA Q] VOCsz2& WA, B39, lg«Al, Ad,
2efo)A 2} 2He HiEkE wiFtS49l TEYH IS
5 z3se sldA SgE, A gk,
AlE, oz =, el Feo] delA glo} o] Fel A
WA 5374 Aot & F 27 Awe &
LAY 4 9le A2 484 gl e e gEA
o uls] B3 Wi A Q7o hadel Ha
Aok A BA)A VOCs2] F9 Hgdez= 7]
A9 WA R, QBY FAAY LEFARALE
7+ AHA B), 284 AR (B 29, D4
F7o B, QAR (A, g8 F7] Fe] Ut
(495 $54,1995). & 1S Aol Ay
e WEkE i) Fe wAAE Jehd A
o[t} (Jones, 1999; Hester2} Harrison, 1998).

Aol A MR EE VOCse= ZEAsed LA
o] gloenz A& AH4HE ASEY 3
A 2A€ AE3] mlotsie AW Fr)Ae v)Fe
el 1A A-E A2Mes AEE Hart o
=3k, oeakgt mE F0] VOCs7h wiAl® A ZERMA
B Al AL gAY oz W9 oHemzm, A
Fo| ghgEe] AREEl Fot A Fr1AE HA
o] pgos Bl A Fas)e.

29 AR 9 v SeA dgEe
VOCs =i &7]d& w9 Fov} A)7ke] Autgt
of we} ZtaEE Zow dwA Qo F, olniEe]
A g A= mAste] 5] 7% ¥ A
A2 vletel] BFAZ F A|7d Ao wlE EF4
e W3s 248 Seifertsl Ullrich(1987)2] -F
Aol o3, 7Hlg AT 2§ BR =
B 30mymiE whg oot of arfidde] 7ol
Foll= 7RIS mA37] ofH $El 0.lmymiz

Table 1. Sources of aromatic hydrocarbons in indoor air.

e gt wa, A &3 2d v)uA] g@stsa
9 = W3S FAY AFAF] AFE, 4% A
F A vE A sleled F= oF 13ppmCE
AT A A we} w2 A ZHaskei} 4
4 olF NIAAE 27 F=9] o 1/6 +F22
718 dA3E o (Matsumura, 1999), AE2] 2 L
7kl vt AL ElE AAEAA 2] BA3 VOCs A
ge] g Zelmz, kit A5 gAoz o
g A4 AkH oz slotate A 37|A e
o &8¢ "t gl
"J)H%—Z}Bl VOCs 32t 817 Ael, AW 24
.78 25, 87 A AEA 2l 23 Jig
'#-—E]-(Felhn-»’r Otson, 1994). AW-Z312] VOCse
W&t AP AMEAL 9, 47} AEg 2t 5 Abe)
AA Agstw Qe #H9 VOCs = fdE 7
ofshe Aol RS AR sk AUTH(HALS, 1998;
Baek et al,, 1997). o|8]qt QAF-& Fi}e oofgt A
WA VOCse] da-g meld 3 glA|RH A
A BN theks VOCs Y] EA)stm
2 4T} VOCs A#zte] i & e
ojzigol et olo] wel AHAAY JHALEE
WA4e 2 VOCs e Hrlsles 9% 35
3 gloh(Sack e al., 1992; Hawthorne$} Matthews,
1987 Wallace er al., 1987).

A HANA okt VOCs HAIBAl o] AL4-H
JEFERS] A9 ASAA M LY HE
2984 A% FE £ YA 6 44
71zkel 73E F st AN 5, 1997).
a9, 4% AE 37 i""icﬂl WafA T eke
A slA genz, odul g2 AL AAH o F
2 ZEe] £3¥Y vi= *P‘r:f-—"l M IR
33 e AA . 548, A5 £33 =714 F
7] £H9%E RE g vE w9 pova (&3

I sles

Compounds Examples of typical sources
Benzene Smoking, adhesives
Toluene

gasoline, combustion products
Ethylbenzene
Xylene

Styrenc
Trimethylbenzens

Building matcrials, adhesives, paints and associated supplics, consumer and commercial products,

Building materials, paints, adhesives, gasoline, combustion products

Puints, adhesives, gasoline, combustion products, consumer and commercial products

Building matcrials, paints, adhesives, furnishings and clothing, nsulation, textiles, disinfcctants, plastics
Paints, adbesives, gasoline, combustion products

Sources: Jones, 1999: Hester and Ilarrison, 1995
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a3} £54,1995), 39 Aol 2 g vA A
22 AR WA, A& 718 )3 VOCs 8
g APy oz seotaid, ol ARE o4l
VOCs7h el Alel wl X fsiAdE 7ste de v
4 Fosvia Yt

of AFANME A& A Ao YFes] A
AY VOCse] F4& Hetalr] ¢)5ted 19974 89
o #37 ¥FArled T A3 475E o
Aoz 19973 1149 49EE 19984 19 14977
ARAY A upEEE gt FEE FA 5
ol A 5, 1998). ARFAIY ubekE §El4aan0)
FeE AY wxe viadda, AW 29EAe
LA A7) Haled AEE AWAY F=
Hls} p= BE2 FEslge

2.

I

B W RN

21 & 3™

1997y 1149 4938 1998y 14 1447}A) 3=
H87led- -9 A A% 126 YA 3 A}
FA A T8 AIZEE meEsle] oA 1041RH 2
F 6A|7HR]) 8AZF Fot WS wispio) HwF
A3l & 6709 A 8E U FANAY AREA
FHe A8 JUed 27 1 el et AR
= o} Alghe] YFErA @2 ul Foew sl
Mz7h 242 6, 18mol™ ol 2.6me|v}, ARTAl
9 & ¥ AA e olF AEoz A H 9]

s
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A: Sampling position

Fig. 1. Cross-sectional view of the measured building.

on, A7 92 ¥ Had: 2708 &3F<] 9l
choue A £ we Ay HEoz o Felx gl
24 AFL 23 144 Agky A" AFRA F
oFe)a, vt 2RE o 1.5m FoldlM AlRE A
Fslod .

AlgAN §71% R)7) 6Lelx B mH o] v
e YA, 2F AR 2 2YA AR 3
5ol glon], ~HqHA Aulz 9Ee|Ad gl
£RA A 8} ANubyel A A& ApeE-E- 3t
% (1998b)el) 7]=H o qlch

2.2 Az 2o

ARY A2t BIHP)edTU) FAEAY
Blojl Al #M3tdeh. 46 A2d GC-MS:
VarianAF(Walnut Creek, CA, USA)2] Varian 3,400cx
GC#} Saturn 2,000MSel}. 7] A& B & A8
8] 2o 2= 60~80mesh?] glass bead?} %3
¥ SPT(sample preconcentration trap)8 AF8-3)9j o}
A AAZ -150°Celx] 558 $R5le] wapping
& F 170°CollA 1138 39t #A% Alag &
zZA Zlet, o]dfl, ]2 20mL/minZ 5% F B
(3 100mL). B4 23-& DB~1(I&W, USA)
22 Zol7t 60 m, o] 032mm, BF FA7}
025mme)t}. Y eBL =27 0°CoA] 78 =9t
FAE F 170°C7AR] £ 15°CH £23]e 6%
F FRE T ek o] 23 AAL o)23 u
Ao, A YWY 47~270 amuo} g}, Jon trape
2w 200°CE SAIsgsl BE AR Az:
Scott Specially Gases (Plumsteadville, USA)ell A 100
ppbe] EFES FYste] B HAA (Enteck, 4560
SL, USA)ell A 1~10ppbz ZAME 3 AM838l9=.
MY BFE A& 100mLE =X 5 A2 %
E3le] BN AAE AbSEe) A FA (calibra-
tion curve)-g& ZHATStgde) B4 HE-2 A, E24,
Nl A, m+p-ALdH, o-ALW, 2Epe]d, 1, 2,
4-mdvgdullal a8y 1,3, 5-EELaAe) b
S b3l s 820w, 53] uhE- B3 Ade 9
sl W7 Alg BAel gt AU = (precision):
3~15%) v B4 ZAajel AL HA=xsr] 9
3] FUY FARAANAM 2L W7 Algel] A
vl Atm AAARSE B BN ANE A EYPHoR 6
Zo| ks whilpig A A wlaed 9
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shel, AA .02 3~49%2] Xol7h ekt
5, 1998b).

3. dot o 1

3.1 AlZE Zatoll whE AR S
Etajpt0 S5 3

AEo] 43H & Ay VOCs 5= egddlow
BE] W& 2, B2 Zom Qs ALt Ao
weh FaEE Aoz aeA Slth o] dFelAE
A% AEE ez A7 A o s g
I}¢iﬁl re Wi EXS AHRY] flad A=

o] Fg=e] of 371 e] AAstG AL, Agdo] Y
oA o= AleellA o 370 FoF 6709 AEE
AFsted BAEHUT. 85 WS et B
A AFE Aer)she] & 200 Hepiglet.

A& gL AbFAleA AIZL Aztel whel A F
T o) Al Wk slilsie] g W, 4
A, BFol, ol A, m+p-Add, o-21 LA o
* Fx7F AA x99 o 96%E A Ee, 2l
A, 1,2, 4-Ed =@l A, 1,3, 5-Ed gl A e
T =Y 07ppb olslel 1 o)E AR HW =
= l6ppba vi$ e}

FEZ; ¥ 5% e whEleso] diste] Al

COEE B, 550 vpakE wlilgo) Fevt
A7b 7 3he ‘I}E’r Trasls Aol H8shd, A
& xol ol2x AlV): AEE o7t Abelr} 9l
& ¥ + sk F, E54, o~ A, w2 3
A AE (119 18Y)lA A A F=d =2
BhAlak, mt-p-Atg e} o lAE& anK AJr(12
¥ 2)NE el A dAsEc ks wlhatsg
40 & F=F 1A A& (1Y 4e)e]AM 52ppb
A, o] F F=rt F43] Fhasle] 20pph Az
wolAm A ZF Aol wie} px W A9 gle
s el 8] FHe] of el At
g F 1A Aas AHslgenz g 233
AF ARAY wEkR glgtato] ey w9
e Aoz FAHAG(EALY #F4, 1995). 7
AgdA BRde) syl A WeRE wdaps
w0 35~57% (B 48%)8 AAFEE, B9
o] AlZF e W AW Wk wiEleie) 3
HEE FEET 0SS A 5 st ojed AFA
e A F35 F AW VOC w27} AlzE 7 2ol
upel ARGy o4e3l 7)E dTxddte 3 ¢
g} (Matsumura, 1999).

23 28 B, ARFAR USRS wbalgaa Fel A
EFdle) et B i, m+p-Ad 9, ol
A, o-Add oz wrf ol A7} AEe] &

~Ji

k

& Al wE s WS 19 26 dehifich. 3 F Algel UFAA G2 U AN 49
of71M, AlZHE 1A AR AHYE 7IFeR d HYexE, A7 %5 A F4, 7bE, AR
Table 2. Concentrations of aromatic hydrocarbons measured in indoor and outdoor atr.
Indoor
P " Outdoor ! !
Compounds Mean# Group A Group B _
(ppb)  Average Fraction rot Average Fraction o Mean  Fraction
(ppb) (%) Tatio (ppb) (%) ratio (ppb} (%)

* Benzene 15 23 49 13 12 6.1 06 18 126
Toluene 144 234 494 2.7 10.2 52.5 1.2 8.8 60.3
Ethylbenzene 40 5.7 120 72 2.3 11.7 2.9 08 54
m-+p-Xylenc 6.0 9.6 20.2 6.2 3.7 18.9 24 1.6 10.6
o-Xylene 2.7 4.2 8.8 6.3 1.7 8.6 2.5 0.7 4.6
Styrene 0.2 05 1.0 23 BDL 0.2 0.5 02 14
1, 2, 4-Trimcthylbenzene 0.7 1.3 28 24 03 1.7 0.6 0.6 38
1,3, 5-Trimethylbenzene 0.2 04 09 23 0.1 05 0.5 0.2 12
Sum 298 475 100.0 1000

194 100.0 14.6

#: Overall mean in indoor air
*: Transient state (November 4 and 5 1997, 2 samples)

##*: Quasi-steady state (December 2 1997 to Junvary 14 1998; 3 samples)

*: Concentration ratio of indoor to outdoor air

+1: This site is about 1.5 km away from the indoor site (7 samples), BDL: Below detection limit
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60

—e— Total aromatics
60 —v— Benzene
—o— Toluene

—o— Ethylbenzene
—a— Mip-Xylene
40 —o—- o-Xylens

Concentrations (ppb)
o
o

0 10 20 30 40 60 60 70 80
Hlapsad time (day)

Fig. 2. Variation of concentrations of aromatic hydrocar-
bons in indoor alr.

4 7171, a3A, AbRA), AA] SellM AAAez
VOCs7} WA E A= ¢bsiel. wabA], = 12 A
VOCs A4l tag A2 fesid, A4
A 54, Add, aela ddulAe er)t B
AL ZAfol A3 A, AA=d GIA )
7idd ez FAHH QA UehEA] WA
AY] =% 09~25ppbe] 37, Wl A2 AellA F
A, HAdE, M1 v, s ForRE dAHE A
o7 W e] ¢t (Wallace et al., 1987).

Age) £38 F 27 WIS =slpi ¢
=71 AaEE ez g3 22 37 E A4
F S gl AA, A e deziy HAyH:
VOCs2] ofe] AZv Z3ol] wheh zhAg o (Seifert
2} Ulirich, 1987). T4, &A% VOCsz} 4dle] =
¥ 21EA ok A #r)e] o3 Alg Frg
HeldM VOCse] =7} wolaivh AA, H4 R
VOCs7h el Fa=e] A §7) 9] VOCs %
=7} Z¥4% ) (Hester$} Harrison, 1995).

23] 20]AM B whel o) Ee) FFH F A
A ueks )bt Hert ol BAR A
el ABgel et gaHw, PHE GHeLt
A4 24 A zEshd, 2709 ANE 2
3] 8r|Al7| 9 Al7tel el VOCs H =7}
sholal F AtghEo] ZAEel YFIe Ao A7} &

oA wlgAE Aoz Bad,

3.2 ALRAY 7| HEE eEled Sk
I:||,T;l_

el WS gEae] e Al nel
taug, of dFeM AT AFAY W o

240 T E A9 Fxs) v|wEr] 9ste] A
A7 FAT AUy e vldt Al7]d A &
A A AN FAT A A} vmalgo
(agatat 8w, 1999), &, MEA FAHET 7
ol A% HFEFEu 45 KAkl AgH
(199733 1149 209 ~19981] 149 132)e)] 244 7H4
% 73 g AAs 8%9) B wHss
FAg Aoz, ZA Ay % 2o e
7) 232 AV S 29E oF 1.5km HeoiH
3.

Mg W7ol A A7t Avtel wheb AFHEE T Al
g5 a3 w3t FeE Wy, A, 5,
AdwlAl, m+p-ALd, o-A YA HF FE7t
AA =9 o 93%F A)3p, 2etold, 1,2,4-
EugA, 1,3, 5-EgiAe] Hg e
0.6ppb of3te]x o] F A9 HY F=xw 13ppb
2 o9 ot o3 gt Adke 306N dFd AR
o agE gl3lpeal] gx 545 o) fAFs)o

AbAY wpeRE wh3a-o] v A w|as)
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Fig. 3. Variation of concentrations of aromatic hydrocar-
bons in outdoor air.
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71 95t 97] AgoA =7t w2 5% W)
& w3} pio) el Azt Aol ulE = s}
T 23 3¢ el el 7], Al AREAY 1
WA AR AHde 71Fee sy 19L B,
5%o] WHE B ry FY Y we A
27k sl AlIzE Aatell mE wwe] Sdg A
2 Bel7 gurh R wdf4s] 2 pre
32~27.1ppb(R T 14 6ppb)= HA LN w2l R}
7t Atz Aol B wxsl A4 vk
% g8 54 e 43~77% (3 60%)F =) 8
a2, Ad F7)9] A$-e vpavirlz Bgde]
7] R w3 e W3S 2T S
£ oF 4 9l

Aviel t7)2) ks w3t peg vasl
7] $13ke) ARRAW A8 E 2708 2Foz e
7} AR Au/A L) /0, indoor/outdoor) =B E
Fote] ® 2¢) YERAE. &, 2F 2914 FEs}
FA3 Aashe PR 28 209 ARt =
7} vlsdtA el BEB 1%: 3709 ARl
2 virglen, 3WA Algd] AS + yEE de}
BAT mtp-Adst DA st gha A
gjelm2 B gl Adstat dh71e A5 14
A Alse] EAge] AR A Alme) 2A4d
ol Fe|m A2t Autel whel w= W) FHF A
FE vehlA geme 7 A8e] JFE g
oz A3k
AW/AY eerle AW egdde] EXE vehy
Az=z gy AM-EHT 9loh(Sextond} Hayward,
1987). YukA o2 VO F=r7l 18e =9 ALy
7le AW egKle] g wel won, 1uct
o ALeA w2 edEde] Az #4d
AW F7le AEFE nAE g ou|Evh & 2
£ 29, 271(A 199 VO x=nje WA A
g RE S dEeas) A4 2040z yod
(A2 A5 1.3). 53], o LlAl, m+p-zAd, 0-
AW} AL VO Fx¥)7} 6~72 e ¥oh 2
il g=rt AT AL Rel: A7 (B 189
1O =83 37kA) AR (=94, m+p-3dd,
o-Apd#)et 2~30] 3, BN 7 1207, v
A 4712 AE-9) 79 0.7 o8z 1125} Apobg)

Ay Aol weh =E AEEE @El44e 1O
TEH7F webdl g o gl =3 ARRAY B

o

B op

fo

L

9 WEE "ddpie] HE w27 194ppbz o)
719l B =] 14.6ppbell ®ial oF 134 1,4
74 AR (A, m4-p-AFdd, o~ El, EF
)&} 1O F=v]7b 18} 30, o] e v RE Al
VOC A Hlo] B35 Exjsfx o|79) ¢332 4
Zhe] 7G| diel 2 LR |7, B £FE A
5/M4de] ARt E A2 FA e Al4gd VOCst
Aele) <Jdko] ol 9l&& U 4 AU

A F7)e 97 28R wekE whaad]
F8 HARE T3 A% =24 v 2E
£ F3lod & 20 YEpGIEE 27] AW 379 A
a5 v= FEE B9, BT o 49%= niek
& whgbpao] dqREg AR L, mt+p-AdA,
Al A, o-2t L, WA o) 242t 20%, 12%, 9%, 5%
A2E AR et A7kl HAE B 1854 ¥
= FEE A ZE] A9 A Hlksid o]l
ZRE A g9 ARAW WEEE wslfio]
B2 Albe] e wiel zFaslAwt, 2442
7] HEyL d&e I 5 sl 7)Y = B8
& we, S24 ¢ ¢ 60%2 7} T, WA, m+
p-Ard A, oA, o-AfgdWe] 77} 13%, 11%,
5%, 5% A =5 x}A|F3 9ok

A 3719 A28 = FEE elwsd, Ad
7)ol A el A2} ALl H= Ego] 7]
vlE] o 20 ¥4, ol 5 AR AW &A=, ¥
lest HAA AN LAHE Aoz odwxy glg
(A4, 1998 Sack et al., 1992). ¥kde)), t)7]8 A
£ WAL = Fgo] A F7|9 H4rd of 2
W 2, WAl zpgAtell A o] W& (4
o3, 1998; Scheff et al., 1989). B2cl0] > = BgL
AW F7)8) A7l 2% 71 w31, 7)o AM 9
Fx Bgol o 60%= A ¢ 49%xc} <zt
ot o)A AW §749 =}t d7|Re ¥4
shoAaERa, ddE D FHA e FAE AR (e
A, AL A yEr) drjEet Fong, A
A WS sl B A Fh w)Ee)
7)ol vFted B7) wFolc) whatA, WEFE i)
F40] 2AY P B39 WABRE] AR
VOCs 82 7%=, H]Es) HaAaq Ao
2 FA -t
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o] Aol Algte] §1F3R| 942 AR AE
& Ao R A7t Aaje] whE WS w3540
FEE 245 L 22 A4 ddoh

AR, Al A AMFAY WEE whEpad]
S5y AlZb Aol iz} Zhashe Agke] F8lE
Ak, 2A (Ao B8 Ao HEA gud. 1
), RS Fxo] =@ehe A7 ARl
o7t et F, 550, o-Ad A, AL A e
2 w2 A4 FEd =E3AR, mtp-AdA
B ol A e Boh AP gado

B4, 2719 2E ks widlede] Av/AlY
FEEE 1¥Y 23, 28 R AZE A
et Zhagied =g AW WEkE Jle4d v
7t dA#H A A7) ® FF F=7F 194ppbE o
Z1e) wls] o 1.3v) w, ALWA, m+p-AFA,
o-Agd, 599 VO p=n|7} 180 74, 138
2=z Al VOCs #Atlo] #E3] £t o|A
9] of3re Al7ko] AFe we} FEAR AE
of 239 A 5/¥e] Atz A& A e A}
29 VOCs A 812] odgke] o} glefir Sk

A, AR Wk Rl oA BF419)
et 7 E3, m4p-AL W, e, o-AY
g oz Foh w=g AW F2)eA oAt A
A9 s Bge] d7)o] wiE of 2 ¥, ubE
o H7]e) A WAL wx Fdo) A 79
B4R oF 20w LelEe, ARRA WEkE
B3l L F & Al4d A& R, #
E9 A Aew FHHAH.

o] 7= FF F o o] At F 34
ooz, ABe] £3F 27 LAYHE ¥ FE
2} VOCs& £A43A Zapich 8] 35 7
Fo] 2FFHH vz File AAel=2, 279
VOCs 44 B4 sHetsr] SlsiMe 2349 A%
BB A7 A w2 VOCs 3285 &4 Yo
7} gle}. o), AW VOCs k- 5e <8k 2 4 3l
E 37, 71d 59 AdRF A VOCsE &
e )¢ 743 dolElE d& 4 UE Aotk

A& 289 AT

A e 9nesd) ¥ 54 551

A} A

o] A7y 197d= ¥FARr|edTY 71Hn
SAH) (A & 2E1514)8] 78] Ao &3
S gt

i 0 2 8

7)Ao (1998) A H7|8ES] Fa dddE WiE
BAd g |7, AFogm AAEH e

Z-541(1999) A F7)a o] At AR, §347)
FATIF=R], 15(4), 371-383.

VAl 4% (1999) Mg HrlolA whekE wldbgane)
Ad4 p= B4, 2397184 243
N E =FA, 44l,214-215.

vhshab, 21 a s, A (1998a) Mg A7 BN C-Co
A 7)1 v, g9l ER YA,
14(2),95-105.

v, A 4-F, B2, WAL, #4at, A A2, K. Fung, ¢
7y, uhEln) 1998b) W7)3 HEA #7138E
o A R BH vy wa, 7| A s
=], 14(5), 507-518.

WA 501997 FAARA He as 7)E A T
gr)eadF RIA, UCEI514-6079-6, 4 &

WA $(1998) A 473 295 A= HA B
2] g o= Azt wielte] Fgr A, WA
71 49 ¥4, UCE 1562-6397-2, M-&.
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