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Quantitative Analysis of Organic Acids
in Precipitation at Cheju City during 1999-2000
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Abstract

The precipitation samples at Cheju city were collected during the period of January
in 1999 to December in 2000, and the organic acids as well as the major soluble ions
were analyzed. The confidence of analytical data was confirmed by using the
comparison methods such as ion-balance, electric conductivity and acid fraction, all of
whose correlation coefficients were over 0.97. The ionic strengths lower than 10*M, the
basis for the pure rainwater, were 46% and 30% in 1999 and 2000 respectively. The
acidity contribution was mostly by SO and NO; with 90% in 1999 and 93% in 2000,
and the organic acids have contributed to the acidity with only 4%. The neutralization
factors by NH; were about 0.48 and 0.34 in 1999 and 2000, whereas those by CaCOs
were 0.22 and 0.26 respectively. The sources of the precipitation components in Cheju
city were also studied with a factor analyzing method. The most probable factors were
found to be anthropogenic and soil-sourced, and the second influencing factor was to
be oceanic.

Key words : precipitation, confidence of analytical data, organic acid, acidity,

neutralization factor
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FolAol YL EL& A UES HI F
A oA &ul F7t2 g drled A
52 w2 Yok 199046l 290098 A X0l
Qo] AHelHe SO, HEFe] 2010 & &
(39007 €)% nlZ(1,600%HE)e] F o4 ¥
23xdx o ¥ 750098 FEV H AL
2 ojF(Carmichael et al, 1997: Bhatti et
al, 1992)5 30 et §3] Folrlot F7HE Foll
Ax 28 sl AAE 3 4% 3
2 73 ge drled g wEse Aoz
AT Sk F39 SO, wEFE At 2049
7+ 3wl ol FUglen 2020WolE 1990l
s ) 3w FE o FY Aez HdF
(Arndt et al. 1998: Carmichael et al, 1997)
H3 gk F3o] o|HY o SO& W&
I YE AL oZE da9 dBEE 4t
EHT AT HEE F FFo] & A 4
gg A8 afEolch oMY FIF o4
WhAe oo ol 4 slAE HAFE B F
A o] F(EZF 5, 1997: AT F, 1990)s
o] ghitx 29 o AAE F43 HAEA
Z Aoz d4sd, ofdl 3 AN&HA Hr
o} A3 Bejrt Yo ¥ Aoz Hokdd,

A4e AABE F2 34dae A4 AF
ol A A= B AAALEd o
AR, ol AXNEIZ AR AR
ol 2E, AAsles, AARE, @lsL F
o] A 7193t YUt} o|YalE §7]4F MSA
(methanesulfonic acid) & 259 A4 3
718 gloy o]g9 JdxE: F4AER
ALAE v vz oA Jehdzm Yk
a8y 4l HAFAHAAE |14 7
o7t g 2 Aoz zAHGalloway et al,
1989: Keene et al. 1988)=%lod, {7142
e AAdez diy] Fol EAsE Aoz
gAYk Wil MSAE  dlYr9d
DMS(dimethyl sulfide)oll <& v]UdHH gl

o2 AAEY dRE 20m ol 3] v|Al £l
E ¥ (Hansen and Eatough, 1991)3}cd ul g
fas]E Aoz @Az ok 28y Fud)
AE obF §714 MSASH 22 ol#g JEEe
A48 7l §4 Foll dlldAE A7 A
9] o] FoiA R A%: Uk

AFze AAAQJ] 2dtiol A gx, Fx
o] F3 e 4 Qloid 39 JEgE
Jrkezlel AegHez ofF AHFH Y
(Arimoto et al. 1996: Carmichael et al,
1995)e]ct. wetd AlFE Aol wir]edd
W 3H(Kim et al., 1998a, b: Chen et al. 1997)
£ olE® $F9 d3E& syl Hsd A7
Aoz FRHn AHY Hart Uch AFA
Ad A o}z Tl EAXY FollAE vl
ARES o ANHozE FF9 29 o
e @Wol W Aoz oAsch oHE o9
JgFE sty AL ot¥ATtA, HA4
38, 2ZF 59 JNAY 24 ERLE EE A+
U d7] dloj2Ee 2R S AE4Heg F
Ao} & Wart Uk

A3 AFA A4 1999 2 HEH
2000 E7tA) A&Hoz ZA4E AR
£ 39 F8 2 HBEL BE 75 F
vjgog EAlse #7144 AEES £43%
so|c}. = ol2|gt B4 AxlzRE] 49
A3t 9 F3 54, A+ AE9 HAVIY 58
ZA8H8 et

e ok I oL

2. A%y

21 4% A= A3

25 Alge AFA AY(AFdta Ads
e AE 4, 33° 267N, 126° 33 " E)ellA
19999 1¥%E 20000 12971 o Fewz
% e Asg AU A+ AAJe
AR3A A Az 25 SL-4-001(H4 =7 W
d 253mm)z, WEAA7 B2As|of glojA 7
FAle Aoz A7 den, 29t v
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1999-200013 HIFA| X 2te| F7(4 gak 24

q 97 23 EE AA" AF AHIeit
AAHR Z4e 4842 &2 F Y8E AH
of pHS HA/IAEEE AT, 48 PE3
o 4C YA B3R Addld Fa o] & P4
o] A83rl. £ YRE BHIH L9
chloroform¥& 718k ¥ -20C dE3olA4 §42
AFlx, "aA JFAIA4 o f74 =2
MSA £4 Aaz o] &35t

22 A4 Arel £4

pH 9 A7AEEE A4 A8y 228 o
Z 25C7 AEF gezdl4 2AHY ¥ 24
9t pHmetere vl OrionAte =2
720A9F =9 81-02 AFE ALK,
conductivity metert 9= YSIAY =5 34
o} m®l 3040 AHF ¥ TOAAS =9
CM-11Ps} 2+ CVP-101P AFE w3 A&
33l ct

SO, NOs, CI' ol ojgaznead
AYP(IC)ez BAHAT, o ol EFEHL
Aldrich#tel 12t 2&FA Y3 248 433
of AYPAaA =ASAct o] Fol2e £4
Z73¢ $#<4 1.0mL/min, AIEFYHF 50 L,
£2¥ 24mM NaCO;/225mM NaHCOsl
o, 2233} suppressor: IonPac AG4A-SC
gl IonPac AS4A-SC3 ASRSE AH&34ich
= F’, HCOO", CH3COO, CHsSO; &9 vl
F AL 94 IC2 £43x, £4 272 &
4 25 mL/min, A &F% 254 L, £24 0.25

A

mM NaOH/5mM NaOH, lonPac AGll %
IonPac AS11 &#&#2 ASRS suppressor. 2
g1 A=xEZAE71E AH8-(Andreae et al,
1988: Hofmann et al. 1997. Jaffrezo et al,
1998)3kd k. Na*, K'. Ca®’. Mg %olee
AFFFEYor HAsders, NH'& ¢
sHlEg oz E4355c o] of E4L &S
e MerckAtel 1000 ppm EF&H L 343
of Agd%s, NH $44 EFgd4e
Aldrich A+¢] 14 EFF (NHe):S0:% 24
g Ao zA3g

3. A3 4 3%

3.1 ¥4 dojeld] Adx =4

A 59 Fa HAEEE £43%3 doleld
A2 25 Hsie oz o] 243 vzt
R daye] F2 olgsx U 1Y
iy oo 72 AL2EE wl2¥ 3§ pH.
FRAAEE, 4F AEEY sx& ¥x¥Hoz
AlAbstr] 8ol Bt FEH oz 4 Asx
& 3oty & gtk B dFddAdE FHeAE
Z0]7] s oo Al 71A Wy, & o]+
7 vlay, F3 HAEE9) o] AEE Hl2HY,
ARE bay Foz B4 A& HAHY
th = 24 Az dd gole GFEx
g3t ol FHE=E Y EFYUE(%)E
@3] 1 AIE Table 1ol veblde (4

Table t. Data quality control parameters and % imbalance.

Correlation Coefficient(r)

% imbalance"’

Number of points 94
Ion Balance 0.983
Conductivity 0.985
Acid Fraction 0.973

< 10 % imbalance 48

10 26-20 % imbalance 29
20 %- 50 % imbalance 15

> 50 % imbalance 2

”0/0 imbalance = (TCabon‘TAmon) x100 / (TCalm*’TAnmJ xX0.5
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At &, 1994: Miles et al., 1982).

3.1.1 o] &4 ul=

Ze Nge g dutdez Age oEY
A7 22 FAR AEEe] #islo A7l WAE
o]l 8 AL E7ZY o] &+ (ion balance) &
dol e FFEx Y3} &l GFExY
Zte] ABAS ol F4F £4 dlo|et] 418
EE 4% ez ¥ £ . Fig 19
A BE uis} Zo] AFAS 74 B4 Az
A 4BAS(r)E 274 0983e2 & Ay
Ag 2ot =Y Yol BFexEd ¥4 &
o] FFsxe ¥ HFYE A iR
20% vlgtez vlxd HRrL FL Aoz =
A5 et o)XY 2o A Pl Fo|&E
o FFext AE Aol A1 EFYET} ]
;H e Aoz Hol B4 dlojety AgEE
du3 Aoz AR

312 &4 AxxS o] AEE H=

£l o] FxIF FE3 Yol o|L&E
Atole] 4zaEE Ao FAY £ UL @ o
2 AEEY AEEE I FEd 98 AAs=
o, duky oz o gA|77t 10*M olatl £
NAdE o] HAREY 3F AxE 9 =&
o] &3l fole] HExE A4 (Sequeira et
al, 1995)% 4 et WEY Fe uzy oL
o] 7] afFoll o] WO o] AE
25 AAsidEs 2 24E HAATA go
o o]l§ & HAEx9) vadd 7PHez £
4 dlojete] Az =& H7E 4 9k Fig. 200
4 dloelE o] &3] Al4E ol AxES
34 AR Alolo] AABAIE vehligicl w
23 Az F AxRE 7He A#AIS(r)E 0985
2 3 ARAE Jehuigld,

313 A¥ g u=
A4 o 59 A& & (acid fraction, AF)&
Fhoj &3 ool L Zol29 F¥rE U

Al(Doll g#f o|2F oz AHAo| 75 =
A=x=% pHE &F33%Y v=7led HF9PA
E=(concentration-weighted mean equivalent
conductivity) & ol &3¢l 4](2)oll o3l 4&&
Al (Kramer et al, 1996)c] 7}s3ie, ¥ 71
Z oz ALH AFFE viadd we ¥
A WHeg 4 dolety AEgE A
g+ U

_ [H*] [H* 1
AF = e+ 15 [An]
...................... (1)
Ao + Ao,
AF = =

........................

Fol 259 wEF HIH
FAETOIN, A, < So]LEY Fx7F ¥
FEFAESY, 1, ¥ H'Y %I A=x
(Peters and Klemm, 1989: Kramer et al.
1996)elct. A1)zt A(2)oll o] AEEE F
3} F kA W ofsf A4 ARg 4
A/AE EAY A3 F A% AFTE 4
FAE(r)7 097328 48 ABALE e
o & A7 24 dojet: vud 2 43
=& Yehlis Aoz =45

1200

y =0.891 x +9.796
R? = 0.966

X[Aﬂ] eq

1200
IZ(Cat],,

Fig. 1. Correlation between the sum of cation equivalent
concentrations and the sum of anion equivalent
concentrations
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Fig. - 2. Correlation between the calculated electric
conductivity (0ca) and the measured electric conductivity
(O mea)
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Fig. 3. Correlation between the acid fraction calkulated
from ion concentrations and the acid fraction caiculated

from pH and electric conductivity

32 744 4% 4 A4

199933 2000030 AFA Aol 4 HHY
2 94/ 3 AsEdd s pH AVNAEEE
F33x, 8 AEEE ¥43%d 1 AIE
Y 4&3 €85 AH(Lee et al, 2000, %
T F, 1999), a8l 29 FF(Tanner,
1999)3 ¥ 24 uk(Seto et al, 2000) g F4
¥4 Azo} Table 201 vlzdgich $3= 3
49| Ryjr}ZgF pHE 199933 20000 7

Zt 5.0, 482 &3 71ZE¢ vizy F4AH4 9
v)7l WEl&s & & Ak = RysiEyd
ANAEEE o] 717l 77 134 # S/cm, 20.6
# S/cmz 2000 2ol k& EA vebygc ul
€9 o] 247 (jonic strength)& 3% A
SR d o] 247l 47 0.19mM. 0.22 mMe)
#E BYT, 199dxdE A& F o 46 %,
20009 =eE % 0% A= €4 wEY
71%Q 10*M elste] o] &M7I(Sequeira et
al., 1995)& el et

T Fa o] 2AREY dFsEE () Na'
> SO NH,*) NOs'» H' ) Mg** > Ca?*) K*
> HCOO ) CH3COO >F ) HCO; » CH3S05 ¢
&£0g 199993} 20004l 2% vl A e
Bk = dlEo] &3H HAEEY AL v
23 Az AFA Aol A= Na* kel 1999
Wzl 20008 77t 25.0 %, 226 %, 183 CI
ol Zt4 261 %, 26.0 %2 713 EA e
e} whdoll o] 779 SOF HEE 77 131
%, 160 %, NH," & Z7 91 %, 1.7 %=,
Na'$} Cloll ulsll 4dlHeoz ¥4 o & 2
Ae 2o, AH o4 JRudE Y
QL o Yol WE FHog zASAL 1y
U A€o 39 SO, NHi', NOy, Ca®* A&
ge] zAel Z7} 27.0 %, 253 %. 114 %, 13.3
%2 F2 A9H 2 AL 2o Ax A
Fol &l HAEE vl FHH oz $A JE
B3, AMFA Aae 3A G2 FgE wo)
I 9l

33 249 #14 §F

F44L AEdA ANHez wEsHIE 3
Ak 8 A gollA W&H isoprenes terpene
7 BARSE Yo HASAY AR A
&of o3 WA (Likene et al, 1987)%ch. =

- Mgl AE WY v EollA HE=E ethene,

propene Fol FAREHA {748 A4
(Galloway et al. 1989: Keene et al, 1983)
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Table 2. The pH, conductivityl #S/cm) and volume-weighted mean concentrations( zeg/L) of rainwater ions.

j i - Hiro-
Components (leégjgu) ((_:2}(1)?)]51) Seoul"’ Ullung"’ Egﬁém shima®
Precipitation(mm) 2361.2 961.2 1137 808 - - -
pH 5.0 48 47 4.8 4,24 50
Conductivity 134 20.6 - - - -
H 10.0 14.7 21.3 144 577 9.8
NH,' 14.3 16.0 66.4 30.4 - 29.9
Na' 39.5 46.7 105 96.7 440 177
K’ 3.2 2.1 35 10.3 35 1.2

Ca™ 6.3 11.8 349 352 11.2 -
nss-Ca®’ 45 9.7 - - - 10.0
Mg” 119 12.2 6.9 34.0 9.7 5.7
S04 20.7 33.2 70.9 62.3 82.8 -
nss-S04° 16.0 275 69.6 50.6 - 40.2
NOs3 106 16.4 299 209 30.6 155
Cl 41.2 53.8 18.2 111.0 47.3 29.7
HCO3 05 0.3 - - - -

F 04 0.6 - - - -
HCOO 19 1.3 - - - -
CHsCOO" 10 1.3 - - - -
CHsSOs 0.02 0.02 - - - -

" Precipitations in Seoul and Ullung from May 1996 to April 1988 (Lee et al., 2000)
2 Precipitations in Hong Kong from March 1994 to April 1995 (Tanner, 1999)
¥ Precipitations in Hiroshima from April 1984 to March 1988 (Seto et al., 2000)

b wbHol A 8o ¥ {4k
WAL F2 R4dae £33 did 73
o 3§, o dg5e A& F 29 (Khare
et al, 1997)ojct, A EolA AY WE=E §71
A9 A9 "oz CH;COOH7 HCOOH®
ot ¥ FEF Ho|y isoprened FAtdpubg
o] &o|% =4+ CH;COOHE= HCOOH
7t ¥2 SA(Kesselmeier et al, 1998:
Granby et al, 1997. Chebbi et al, 1996:
Legrand et al, 1996: Sanhueza et al, 1992)
< vebdch A B4 s E §7)4e] A e
718k A g9 Aol FAT B3 JEH ¢
7l 1 =7t F7kse S 71y {4
A sk AES] EEo] Ty B3 o EHo
1 sx7t ¥& ZA(Galloway et al, 1989:

Keene et al, 1988)o.2 &&= Ut dimdl
LA i f14e Hddge AL
BAZL 27] dFoll ALHel 5E7 F71E 7}
SAe] Ax AFAzRE YAH {7142 A
Ay W3y 32 ¢g Aoz x4 1y
gl A WA f714e H$ CH;COOH7}
HCOOHECH #& 55§ Hol: Hoeg 4
#(Chebbi et al. 1996) Slth.

AFA A 7F4ee] A$ HCOO9 =71
19991 = 200000l 77t 1.9 # eq/Lot 1.3 4 eq/L,
a2 CH;CO0'9 s%7 27 1.04 eq/L%
13# eq/LE o & AES w4 A 42
X% uJehligich. = HCOO/CHsCOO™9 w]
7F 19993l &= ik 1.9, 2000l E 1.022 of
Aoz CH;COOHEt HCOOH7 ¢l & ¥
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Table 3. Volume-weighted mean concentrations( eg/L) of protons, possible proton donors and neutralizing substances in

rainwater.
1999 2000
Cations Anions Cations Anions

H' 100 nss-SO& 16.0 H' 147  nss-SOf 275

nss-Ca®’ 4.5 NOs 10.6 nss-Ca” 9.7 NOs 164

NH,' 14.3 F’ 04 NH,' 16.0 F 0.6
Total 28.8 HCOO 19 Total 404 HCOO 13
CH>COO’ 1.0 CHsCOO 1.3
CH350s3 0.02 CHs50s 0.02
Total 299 Total 47.1

EE Holm Y, oHY Ul &#3
isoprene®] #FAZ kgl ¥ YU = F
o A71Holx, AU wWyog FHo| oo
g Aoz walrh

34 Ao A3 2§49 9%

AFA A Feo A4 Lol HES 47
A ol Fx9 & =Ast Table 3ol bl
w3l Y uwlEe] 443 Table 30 X
g AHEET o] Yol Fol & FE
9] 3 FLol2 g XTI ol Fxo §L
olgH oz YRsof 3tct, T3 AAE Fo
£ 5% §o] Yol Fx9 YHrt 2F 4
2 #& Bk ol pH FHel HA7NA 4
o] & B4 o3t ate]AHLY ol Yy G E
HAREo] F3HutLol 793 Y&E 9y
(Legrand et al, 1996)%tck = A4 Sof2 6
Fo 4diH A E A8 E A (Fig
4) 714 0] 22 nss-SO 9 71l gel 19994
2 2000l 7+ 54 %, 58 %. 18l NO; 9
7o &ol 199913t 200040l ZH7t 36 %. 35 %
2 F2 HyS0s HNO37b 799 443l 7lo
e oz zAEd wHdl HCOOHS
CH;COOH® 7192+ 1999493 20000 2%
4% HAEZZ F714 98 Jdxes 274

nss-SOZ 2k NOyoll w8 18 X & Reo
2 #alsict

CH3COO-
1% rCHSSOS-

(1999)

CHIX00- 1%

HCOO- 3% -- _~—CH3503- 0%
..

F- 2% -~

{2000}

Fig. 4. Compositon of acidic anions in
precipitation collected at Cheju city in 1999 and
2000
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35 Z+9 33 &4
%319 A (neutralization factor)& T34
8 4714 AAEA g% F3HEE AR
, 1 7ZA=& Table 40l Jehiich F3AA7
chgol A (Galloway et al, 1989)ol] <l
Fagdod  Aold  [nss-SO0S) [NOs],
[NHs*], [nss-Ca’*]& 7 A8 3355 E
vehi el

o RN

B [NH3 )
NEMa, = rss-SO5- 1 + [NOS]
_ 2+
NFC(‘P — [nss Cd ]

[nss- SO4™ 1 + [NO3]

Table 4ol4 B AAY AFA NHel 9
g F382 1999\ddl 048, 200001 0.34¢]x,
CaCOsoll 9%t F3h= ol 7Izkall Z#7Z 0.22,
026018 ek &, AFA A o ¢ NH
o 2|3 Z3lztgol 73 23, CaCOsEthE
NHzoll 93 #3471 o] o] Yol Aoz
zAEId =3 Fed AA A% R
HHo] Z AFAA E(free acidity)d ZAHH
2 A=z 1999+l 31.8 %, 200046l 251 %=
of 7}5d ZAFALAEE 20006 2t 1999+ o
o ZA et x3 A4S 9 F35g0)
A A JldES & F8 A4 Solgn oY)
A oko]& 2 (nss-SO& + NOy)SH (H'+
nss-Ca’* + NH,")7te] 494 (Kaya et al.
1997)& ZA8 £ Ax F 4239 4BAI%(r)
7} 09252 vz & & Bk ole A9

448 A FHARAA o8 4EE0 F2 %
52 dn o9& 4EEY AdEE 4o
2 27 U3tee olulw

36 A4 ¥4

2 A dloelE o| &3t SPSS z=21
Bog qlatEA(factor analysis)g& HA&dx
A AR A% n e F8 AAEEL 24
3l 1 A7E Table 59 #£53% UA9
s TR 14 o]A4A /M9 UAAE FEUT,
o] uf A A F 745 %9 AEHE wc}
(Bl z9} AFE. 1998 HF+ 5. 19%6).
A4 Az Table 5014 2E vig} Fe] 3
WA daE 417 %9 AE9EE 2T, F.
HCOO", CHsCOO", NH,", nss-Ca®*. nss-SO*,
NO; §9 Aol ¥2 A HAAE Jehy
itk ol& % nss-SO&, NOs. NH," $¢ %
2 ASH e wANYE YeblE A
o), nss-Ca’’ o) HAUYL ooz L&A 9
o % #la A= CI, Na', Mg'. K* %o
2 HAMRE Jelld T, 220 %S AdWyE
H3lon olg AHEEL dEAHY HHY AR
AuEo|ct, A HAE H'# NOjgte] vlz¥

< dA HAMAE JebliA T, 108 %2 49
< B3 og|d AL AsE FEA
o2 A 2y AFAY Aee A 29
U3} 2okt A8E 74A o] W g o
2 g J3E o] W Ao ok

¥
E|

Table 4. The comparison of neutralization factors by NH,' and Ca“.

Free acidity"’

Year NF pny: NF ¢ (%)
1999 0.48 0.22 31.8
2000 0.34 0.26 25.1
Mean 041 0.24 285

" Free acidity(%) : [H+ly/Z (acidic anions)
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1999-20004 HIFA| X[

Table 5. Resutts of varimax factor matrix for the analytical data of precipitation.

Components Factor 1 Factor 2 Factor 3
H 0.012 0.107 0.764

F 0.798 0.000 0.153
HCOO 0.831 -0.023 -0.301
CH;COO 0.859 0.020 -0.218
CH3S503 -0.013 -0.149 0.421
NH,' 0.780 0.149 0.377
Na’ 0.044 0971 -0.027

K’ 0.300 0.829 0.050
nss-Ca”’ 0.607 0.411 -0.159
Mg” 0.108 0.974 -0.018
nss-S04* 0.766 0.394 0.376
NOs 0.695 0.236 0.523
Cl 0.014 0.973 -0.021
Eigenvalue 543 2.86 1.40
9% Variance 41.7 220 10.8
9% Cummulative 41.7 63.7 74.5

4.3 &

AFA Aol A4 A2E AARS Fa
$84 ARES BARL, 24 BAE 24
& Az g e AEL dE £ AN
1) ol&4A uzy, AEE vlay, 4EE v
24 3 kA ez 744 24 dolete Al
AxE 2AY Az ABAS(0)E A7 0983,
0.985. 097322 ¥z ¥ 4BAE vehdch
2) ¥5713%F pHE 19995} 2000%d0l 2z}
50, 482 vl 44l w7k HE T, 19994
= AE 3 o 46 %, 20004=0E o 30%
AE7} €48 WEY 712 10*M o3 o
24718 JeriSich
3) #4 Qe AL vlzd A CI'3 Na’
o] SO NH/'BYE o £& $58& 5o
AFA Aol A JYL Wo] L= Aoz
zAEgon, dEAY WY Fe 2AFE
s e FYE nch

4) 749 443 8984 AN £ Adnss-
SO& 9 7l gol 19993} 20000l 77 54
%. 58%. 122 NOs¢ 7lejgol 1999wz}
20000l 77t 36 %, 35 %2 R olF B4
o] 749 AAstel 7= Aoz x4
t}. whHol HCOOH® CH:COOHY 7od=:
19993+ 20000l 2% 4% FEZ §7]4kl
o3 JldEE: WA e Aoz HASY

5 %3 5A4& A £ A3 NHell 93 &
A 199945} 200010l 22 048, 0.34 &
=, CaCOpll o Zslze 2zt 022, 0.26
A= Rog zANAt EY o AT F #
49 A{AAEE 247 318 %, 251 %S e
Hich

6) A4 AR 719 A Ase Ay
4% AAY Az ARA AY FeE Q94FH
29 2 EY 9%E sy ol wI, o
o2 oo J&E Yol W3 YL ¢ 4+ A
Ak,
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Ao, Zuld], U4, PE, FE, 0BT,
243, o4 (1999) AAdAsES A
Aekzl Fef ol U} AF-2AU
AE 799 x4 dlw, U7
783 A, 15(2), 89-100.

ZAgdF 5 (1990) d71ed g3 AAE olF
s AAu| bl #Fd AF(1),(1),
Fgrl e ATEILA.

a

AEF, o3, A%, FFE (19%6) SPSS/
PC+ w227 284, FA&#4,
88pp.

4% F (1997) $%ol drled AAdlF
7 BFRA Pt AF =A(D),
32pp.
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E o] ¥5 24, s uATE3 A,
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