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Estimation of sea-air CO, flux in seaweed aquaculture area, Lidao Bay
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ABSTRACT In order to assess the effect of seaweed aquaculture on sea-air CO, flux, a
large-scale seaweed aquaculture area which is located in Lidao Bay, was selected as the investi-
gation area. Based on the investigation data of pH, total alkalinity (TA), Chl-a, etc. during
four cruises from April 2011 to January 2012, the spatial and seasonal variations of dissolved in-
organic carbon (DIC) system parameters and aqueous pCQ, were investigated. Results showed
that the mean annual concentrations of DIC, HCO; , CO3 ™ and CO, were 2 024. 8£147. Opumol/
L, 1842.44+132.1 pmol/L, 170.0+42. 8umol/L and 12.4+2.5 pmol/L, respectively. There
were no significant differences between areas in concentrations of DIC and HCO; (P> 0. 05),
while the differences for the concentration of CO, were highly significant(P<C 0. 01). The mean
annual values of aqueous pCO, and sea-air CO, flux were 287.8437. 9 patm and —32. 7417. 2
pmol/m” « d, respectively. There were highly significant differences (P<C 0. 01) for aqueous
pCO, and sea-air CO, flux not only between different areas, but also between different seasons.

Seaweed aquaculture is helpful for the diffusion of CO, across the sea-air interface.
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20 22 DIk s NZETH G 2 — R 9 55 KM 538 0 42 BRVE PR 85 [0) 0, Horp, 0 % 8500 7 5 e BRAR 2, J2 K K i
RORFERE RN Z — ., 2ERAR B AR 3227 T AN 280 A i e LR AR RS A R B o B I R R L
A% KA B A7 AE A A B R B A B e e m COL A T RAEI(TIPCC 2007) 38 i3 g <AL 11 38 46« B 47 4P
ARKEN CO, NRABE A TR R, ARSI BAEHER R CO, LRI 55 12 t, Hrpig e 7 A
HKHE CO, Bz 11 30% ~50% (Siegenthaler et al.  1993) . A I . ¥ 7 X 28 fif 2 BR S 25 A0 A8 T B K Bk
T i 7 P 2 4 BRI 2R 2ok R vh B DG — AN BT (Battle er al. 20005 BEESFAF 20060 o A A ifg ¥ ik 0 24
() S AR Wy M R b 220 B 2 — M- B T CO, 32 33 1 (1 WF 52 2 IR COL MK 85 5 0 1 i B Rl (2 77 4F
2005) . HHT, A M-S A CO, 384 5 1 A 5% 32 22 48 v 7E A1 ifg B — 26 Py 785 HJE 5% 5 7K 5 (Broatrom 20003
18 %S 2004; Abdirahman ez al.  2007;Urbain ez al.  2010;XIJE2%  2010), FE & “BRIC L7 T &0
F& DA BORR G 58 R AN T TR 16 7K 5% BB DR 78 3 25 7 [ e 7 T VR R 5 L 1 2 8 A0 1 28 10 06 1 (o gk 21 5%
2005) [HF) H AR 1k A 5 Y i 288 35 51 /K kg -3 5 1 CO, 38 4 30 1 19 B 9 0 o LR 38 . AR 58 MR g 2011
A4 A ~2012 48 1 F 4 AU 4L V8 R ARE Ak TR 8 988 2J8 5 B /K B %) TR A 25080 43 B 17 K 78 38 218 35 T IX ¥t
IR R ER AR ZR B 24 AR AL, Al 3 T - I CO, 1Y 38 438 i, BF 98 45 SR 0 T o0 RURE AR Ab K 78 88 2% 57 4 1fg IX
CO, PEATAE Jay 1) 25775 A2 Ak 3 i 55 58 2B 28 R Gl i A ) ML BR AL - R 28 o B B S SR 2 i 3L

1 Rl 57F*®

1.1 AEREHTRL

VA X IR T 10 2R 48 52 BT (0 A 2 4 /K R (37°13" ~37°16'N, 122°35' ~122°41'E ) (R B 2R E % 4
() Ve 5 B KB, A T FR 4 TR AR T 6 667hm? , 200 9 4F ff g P2 IR 702 T t, S 3R [ B R M TR AT Pl AT

KRR VR GG . S TR 4 F ] 3R BE Bk L B AR A 121721 122702 LE
AR R 5 25K HY 26 ARG+ D % DR N m+
Laminaria japonica 5 W 0 3% Gracilaria lemane- 37°24" ¢ 1
i formis $EIFF ) 37 5 R W&, B A ¥ i WAk 5 R A T —— 1174 Shandong Province
FRIH WA F7 e 030 B U3 a5 W
1.2 ST BRWFRFE il
# I Yellow Sea

2011 4F 4.8.10 H 1 2012 4F 1 A 4 Ak 7
B EE LA AT A (R D Hh 1~5 f1 7 N 12234' 122938 122°4)E
~9 SN TR IR IX N, 6 510 S0y FAESR 37017'} +C
FEIX, C ol 7 £ o FE 3% 58 X 4 IR X, R 18 [ yererwun IR
HYDRO-BIOS 2 7] Ruttner 7K#f R4 8% R 4 % )2 OK 37°15°) 12345 6
F 0.5 m) KR LS A 500 ml S 11 BB AR A7 _— TES
4 CEmrEMm&ET & M. FMHZEE Thermo Scientific

Orion ¥ & A{E L pH HF XK B 0. 01) #3510

2 — . i 1~5 Fll 7~9 S5 FFHRIEX N .6 S A 10 S FIEFRIX
& pH(NBS #5 #) . 2 E YSI Professional Plus {8 ## C 9 3182y Al 2 B X 1 38 0 DX
it7kﬁiﬁ:}’*ﬁ1>z (Wi %‘%Eﬂ( Yﬂ%‘l (SST) ‘ﬁ';fﬁ (S). {ﬁﬁ?ﬁ Station 1~5 and 7~9 located in the seaweed area, Station 6 and

(DO) 24 mﬁp (TA) E/J il}-"J %%Fﬁﬁuﬁiﬁﬁ Metrohm 10 located in the control area. Station C is designed as the
o I I, U AN . . . 2 :
comparison station with Station 6 and 10
848 Titrino plus A 2l B {7 i & . 5 K5 + 5 1 B DR i i
mmol/L, M4 a 48 ERHHA ALEC ACLW Fig.1 Location of the study area and station design

2 2 B e A, A RS B £ 0.1 pg/L. IR S5 &
0. 45 pom il R 21 2 U8 B U8 Je PR TR A5 O AR AR A 48 R a & i A BCIE . AR 4l pHL L RVB R | TR BE R B AR
HEIK F TCHLBR R 2R 4540 B Mk JE A pCO, (Prieto et al.  2002),
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M-S A CO, 22 i 5t ok FH A F=k Xa, X ApCO, #ATA . Hrh, F hifg-KF i CO, 28 i &t
(mmol/m* « &), #& F R (8, Wtk X3 KA COL ML, BFR A g COL A BN K, 2 F o iEAE W ik X
B CO, B MK T CO, 1] KA s b 2 - T SARAL S B Cem/h) 5028 CO, R K o () %5 ik B2 5
#r (mol/kg » atm) . J& 5 i BE FIER A C 0 R, B 18 Weiss (1970 AR IHE AR K RS E, T(K) =
273. 15+t C°CH s ApCO, FIGK KA pCO M 2ZMH . AR T KA pCOHUE R 361 patm, A1 AL
R b UK B2 HE XS {8 10. 3(Tsunogai ez al.  1999; K48 2004),

) H [R5t 2% v 2 % (Homogeneous buffer factor) g 343 M K& o ToHLBR A AURR AL I 03 45, 315 8 200k

B <ApCO2 ) (ADIC)" _ dIn(pCO,)
F=\"co, )\ pIc dIn(DIC)

VAR CO, 5 M TC AL VR B AR f i o — P R B, g 20 R 1254 HCO, (CO; (H; O ¥1Z5 5 5 4: ) Hh
BRAL 2 B 5t B b i L B H S A AEAR N A5 4k . Frankignoulle (1994) [ B 2% 45 5 22 W], 24 MLER AR I O 4 IR
VB FD R IC ML A I8 CE5 Ak L3 A 7 D 5] B 5% i 2K AR JE LB R R B mT LRI A 2 = — 7. 02+0. 186 X % C,,,
(r*=0.999 4) XA LAk TC AL o AR 8 BT o5 0 B B aE A7 AR 5L Kb, 26 C, FR R A BLRR AR 8 T A R E
(Frankignoulle 1994),

28 5 10 E PERG 50 B AH SCPE 4 B >R 1 SPSS 10. 0 1 MR 48 U 22 TR P A B 5 2R i #2 2 LA vk CH Oy
Z MR B Tukey’s HSD”, 2475 22 AN HA 557K PEBT £ “ Tamhane s T2”) , S5 {H £k 19 2 il R F Surfer
7.0 Ak,

2 #HXR

2.1 REBKBEBENBKERNELTEN

ML T FR B K B3R 2 1K DIC Y B Fe 4% 7 i e B2 WL 1, 25 2R 3R W], DIC ¥k i 4R AR ARG I S 1 766. 9~
2 282.8 pmol/L, P Jy 2 024. 8+ 147. 0 pmol /L, 3% 58 IX A IE 32 58 X - S H 43 %) 9 2 016.14+140.9 Al
2 062.3+119.7 pmol/L; HCO; ,COZ \CO,4ETF-HME 43 By 1 842. 44132, 1,170. 042, 8,12. 4+2. 5 pmol/
L. J5 58 K A AE F2 5 X HCO; 1 CO, 1F- 24k B2 43 524 1 831.8+129.0,1 883.8 +128. 3 pmol/L Al 11. 5+
2.5.13. 443, 4 pmol/L. XK ZEI7 22 70 Hr &5 R R W] SR8 X FIAE IR 58 X Z [ /K 4K DIC 1 HCO, ¥ JiE 25 57 A i
F(P>0.05) 1M CO, ¥ B 22 5l .35 (P<<0. 01) , JIr A A8 B AN [R] =7y 22 ] 22 S B W 3% (P<<0.01) (3R 2), C
vt i DIC ¥ 8 J2 45 o3 i W B 5 AR IR A IX 28 52 AN .35 (P=>0. 05)

F1 TEETREBKENREREZDERE(MeantSD, pmol/L)

Table 1 DIC concentration and its component forms in different season (Mean=SD, pmol/L)

Z=45 Season X 3K Area DIC HCO; CO%— CO,
BEKFEIIX  Seaweed area 1969.4+128.3 1823.0+121.6  132.7+14.3 13.7+1.7
# 7 Spring JEF#7H X Control area 2070.9+24.3 1932.2+24.7 122.14+0.9 16.6+0.5
Cubfi  Station C 2088.1412.0  1949.7411.2 121.540.5 16.940.7
MAKIEIIX  Seaweed area 2221.3%59.0 1984.4+50.9 225.6415.2 11.3+0.7
B Z Summer JEF25 X Control area 2189.0+£27.6 1966.4+20.3 210.7+7.4 11.940.1
Culifi  Station C 2169.54+24.4  1952.1+15.3 205.54+9.5 12.040.3
MK FRIX  Seaweed area 1909.34£50.9 1704, 1+47.5 195.74+7.7 9.540.5
#*Z Autumn 35X Control area 1887.84£52.2  1679.8+44.2 199.0+7.8 9.0+0.1
C ¥ifii  Station C 1851.0+437.0 1648.5+20.5 193.4+4.3 9.040. 4
BEJFEIEIX Seaweed area 2084.4+21.5 1935.8+22.5 133.3+5.8 15.340.9
% 7% Winter dEFEFE X Control area 2101.64+1.5 1956.7+£0.0 128.7+1.7 16.24+0.2
Culifii Station C 2102.743.7 1956.8+E1.7 129.9+2.3 16.140.2
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Table 2 Two-way ANOVA tests of CO, system for all the sampling seasons
it AW P i BFKR P
Variables Source of variability Variables Source of variability
ZH5  Season 20. 557 3 0.000"* 247 Season 114.463 3 0.000*~*
DIC X, Areca 0. 329 1 0.571 COZ™ X1 Area 2.402 1 0.131
Z=9Y % X3 Season * Area 1.143 3 0.346 Z=4Y % X3 Season * Area 0.834 3 0.485
ZH5  Season 23.049 3 0.000"* Z47  Season 59.586 3 0.000**
HCO; X3 Area 0. 687 1 0.413 CO, X3 Area 6.036 1 0.020**
ZF=4 % X1 Season ¥ Area 1. 345 3 0.277 =4 % X1 Season ¥ Area 2.857 3  0.052
Heo ARSI P0.05° R S P<0.01
Notes: * means significant difference, P<C0.05; * * means highly significant difference, P<C0.01

2.2 RE#KpCOKEB-SHAECOXBRBENHZTEN

BRI FZ WK pCO, AR AL 207. 9 ~ 352. 9 patm, FHI{H K 287. 8437, 9 patm(F 3),

*®3 AESTHEREBEK pCO; (MeantSD, patm)

Table 3 pCO;of surface seawater in different season (Mean®SD, patm)
Z5 Season [X 1, Area pCO; (patm) Ji Bl Range (patm) ||Z275 Season [X 4§, Area pCO2 (patm) J [ Range (patm)
3 A x‘ b )’4‘ X‘
BATR A 267.7+31.6 207.9~307.9 _ BRI 264.7+13.1 245.1~277.4
K=+ Seaweed area k= Seaweed area
Spring X Autumn 12
X 318.8+9.0 312.4~325. 2 FFEX 255.3+3.4 252.9~257.7
Control area Control area
0K 2 B X WA T X
MR 328. 3420, 9 293.8~352.9 i 285. 2+ 16. 3 262. 6~310.0
- ES Seaweed area P& Seaweed area
Summer - Winter -
X X
‘jE?%&EL 350.2%3.0 348.1~352. 4 ‘jE%ﬁEL 304.7£5.1 301.0~308. 3
Control area Control area

AR ZETT RIZ WK pCO, BT 43 A FFAE VLI 2. N 2 ] DUA LV R Z MK pCO, -1 4311 %
A b T R 1) A v 3o 1 L Bk 2 B AR S HIOE B SR AR S B b D e A BT R, A R R IO
o o] A it 32 1 ABLTE R IXCBOE B X I X - T CO, A8 il 5 7 — 66. 4~ —2. 9 mmol/m” « d Z
[8] , S N —32. 7£17. 2 mmol/m* « d, F2PE X H5AEFRIE X 4 —34. 9+17.5 F1 —24.2+14. 1 mmol/m® « d
(K 3,

XU 3R Ty 22 5 B4 SR R W] L g3 T CO, 28 438 £ TC I8 42 AN [A] 22795 2 1], 340 2 AN ] DX 3 22 ] 389 47 7 A
F S (P<<0.01) HFAT RIS —F W28 HAF A .3 (P=>0.05) (£ 1), #E— 2 Tukey HSD £ 4
GEREWHAEZHE AR ZREFREEP<0.0DER D,

2.3 BRFEECO.XHBESKRERFHMBEXES

CO, 22 ¥ il B 5K R EE I FIA L R IR 6. WA RERE . CO, 38 ¥ il i 5 2 /K i .DIC . Chl-a
BRI 0 R IEADC, S pH M S 2 A B & i fAHC. MR ZETTRE . &2, DIC fil pH 250
CO, 2 #3805 (1 S H A - pH L 3R JZ 7K IR 43 il J2 Bk & = i Qs 52w R -, 5 2% CO, a2 4eidi 2 5 R 2K . pH
FIS it A AR S 2 1) UM OG L 1 5 DIC F1 Chl-a B 58 35 IEAH G .

F5 5 DX AR 3758 X 10 [R] 5 28 wh R 50 B BS99 5. 305 i1 1. 237 (18 4) e W R I 325 VR HE Y TR W Sh
YR AR SR 2h O A VE R P IRVE A ES At B2 55O ¥ 2 5 T K R v i 1) 1 Bk 16 24 0 B 2o B2 L 350 X R 5%
B DX 76 Cnorganic /0 Conganic 53120 13 1084 F1 1+ 0. 80, FR 4 X 19 A AL AR 03 45 (29 i 64. 81 20) 5 F A 3R 51 X,
(235 44.39%),
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Fig. 2 Horizontal distribution of sea surface pCO, in different season
7 -
%% EZ: HE 43 651
6,16 Spring Summer Autumn ‘Wlnter | 6l y=1.7375:-3,685
551 R'=0.855 w-ze-7n3t
-’5.\ -10.00+ 8 . A
E _20.00 & 5r HREEK
Eg‘ = g a5l Seaweed area
2 § -30.00} 4l . JEFRAHIX
BT -40.000 y=5.305x-30.983 Control area
S E p K 3571 R’=0.896
O = -50.00¢ Seaweed arca 3 ; ; . . |
S -60.00] LIEFRAK 7.3 7.4 7.5 7.6 7.7 7.8
70.00L Control area In(DIC)
3 IR i COL e il ) % 2 Fl 4 In(pCO.) 15 In(DIC) BX XA
Fig. 3 Seasonal variations of sea-air CO, flux in Fig. 4 Plots of In(pCO,) versus In(DIC)
seaweed and control area in aquaculture area
x4 AEAZFHESFADCOTHREEER x5 BRSAECOXHREBEETTEREEN
BEUHHNEEFTEZENH B Tukey HSD & E Lk
Table 4 Two-way ANOVA tests of sea-air CO» Table 5 Post Hoc Tukey HSD tests for the seasonal
flux for all the sampling seasons data of sea-air CO; flux
5 - TR
74 Variable X%ﬂwﬁ o F o df P A Source of K7 = ESE=
Source of variability Variable e Summer Autumn Winter
variability
Z=75 Season 14.419 3 0.000* *
%2 Spring 0. 000 * 0. 277 0.782
CO, A i X3, Area 7.802 1 0.009** CO, 32 iE
CO, Flux X 7¥ Summer 0.000* * 0.000" *
2 - 2.635 3 0.067 (O Flux
Season-Area : : Bk Autumn 0.811
E FRERBHE P<0.05; " FRERMEFH P<0.01 B RBREEREE P<0.05; * FREERKE®E P<0.01
Notes: * means significant difference, P<0.05; " * means highly Notes: * means significant difference, P<C0.05; " * means highly

significant difference, P<C0. 01 significant difference, P<C0. 01
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F6 COXMBEESKNEEFHHEXXR

Table 6 Pearson correlation coefficients between CO;sea-air flux and the environmental factor

24 Season - FJZ KR SST pH DIC M4t a Chl-a  #fif4 DO
Source of variability
CO, 22 i 2
44E The whole year » LY Bt 0.658" —0.6387*  0.671%" 0.721%* —0.688" *
COs flux
CO, 22 H il i5
#%  Spring {*%‘E —0. 492 —0.716**  0.691" * 0.187 —0. 322
CO, flux
CO, 22 H il i
HZ  Summer {Mﬁ@g —0.876" * —0.997% %  0.888* " 0.833% —0.897" *
CO; flux
CO, 22 i &
®ZE  Avtumn : XRER —0. 413 —0.860"*  0.543 0.355 —0.472
COs flux
CO, 22 i 2
%% Winter » ST B 0.435" * —0.964 0.553 0.234 —0. 466
COs flux
e RN OCHE BF P<C0. 05; " RN G W3 P<<0. 01
Notes: * means significant correlation, P<C0. 05; * * means highly significant correlation, P<Z0. 01

3 itit

KTV 1) O B [T i S 4 B0 SR ) A 7 ) SRR . — L FE TR R R A P R A B OCE R H (B TR 4
2005) . KA 358 1 6 A 1E R 7K I e T AL B B Ak O A BILBR 5 BOK AR pCO, BEAIR, 18 B T ¥ V- K
SRR pCO, 25 AR HE T KA CO, MK B AR E M 2002) , ASHFFEEE SRR W] (5 7 K7 B R0
K-S A CO, A2 /@ B A Y¥(E N —32. 7+17. 2 mmol/m® « d,Z s {5 HE~ —66. 4~ —2.9 mmol/m? «
dod AFEAT RO KT CO L H COL {58 58 TR M (Zhai ez al. 2009;Li et al. 2007), M\
FROE X 55 A IR0 X A8 4 30 5 (9 LR B SR8 X - THE ) CO, 22 40 3d it 1 3 o T AR FR 70 X, B4R H A £
5 14 AN RE E A B AL A R IR A4S AR AR X - T CO, 38 3 & 16 53wk L {HL 7R 77 A 4 IR A7 B (Chla 3
TED WA 3 25 5 HL 37 A8 XA MLAR AR 5 00 491 i 1 38 35 58 Xl 20 0 A 8008 SC 450 A B oA Oy, 3% B X T
AR ZL CO, 3830 2 Hh KR B 0 GV 3 0y o F5 8 IX 5 R 3R 5 X CO, Ve BE A7 7 A 35 M 25 el
PR 13X — . NFRAHE XA [A] 2= 1 - T CO, 32 il B ok R J 2255 50 X KR X CO, (WIS RE ) %5 55 T
A BT X 5 R EEE R AR A OC (28 KR 3 gl © G WOk 5 B2 L T e 200 25 W FF 06 5% 3 & v DX R AL 3
KA Y iR 2 AE SR B

FEF SRR T RGE Y pH(8. 0~8. 2) , CO R BE R E & DIC #y 1% 17 H CO, 78 ¥ 7K v i 47 i ok 56 %2
terEas S h e 10 000 %, 1 KR AV 3 Rubisco 19 K., (CO,) A 30 ~70 mmol/L(Kerby et al. 1985) , it & T
SRR TP CO M, Fr A KA s r] g & m i CO, 8t = (Raven et al.  1990), K, 20 BE KK
AL R 2 TR K o HCO, AR GA 1E T AMIE TC HLaR IR 1 BE J) (Larsson et al. 19995 4 5 #5 55
2001, REMMFRER, . GECAZE. B S HERB S (L0 (4 B3R AR E e 58 55) 6 KA 25 (Ha-
glund et al. 1992;Axelsson etal. 1995;Stephen ezal. 2002;H IR 2007) ¥ FERFH HCO,; 1 EE
YER TEHLRR IR . (B NABFFE G IRk A F5 50 X 5 AR R0 X0 HCO, ok B2 IF 3 A W 35 PR 0 22 5= o 9 e R i
A e TiF— 8T,

M-SR CO, 53 R 22 302 H il B - 5 CO, 38 5 8% 0 7k (RK AR SE 2004) 3% 07 ik W X 3
PN ELSH DR RIMIEEKTR pCO, 22, 75 — AR WSS R ko AT I8 1 X5 bR A 38 28 57 78 X
HAEFFE X CO, 24 1 1 25 5, /3 B 17 R ARV 2R BIE Bl CO, 38 38 151 952 o (0 CO, 28 4838 1 19 Al 3
AT BEAFAE 1R 25 - TG /K pCO, R FE T pH A TA WIS 2 850 i Ak 2% 7 7 3 1 F 54015 i T 00 0 5= B B A
DIC, pCO, i ZHORA #EATINE , P TR B S A — € iR 22 . AW R L SR A [ i 40
SRR A AR S BT A TS pCO 255 3Pa(lee ez al.  2000), MAh. i T ARG, 57
B g KR CO, MR BE W] RR BN [F] T 23k KA CO M, i ] 361 patm BRI KA B CO, 22 38 i
SRR R R 22 . ARSI A ks B CO, #5518 1A% i 2 % 6 K 31 CO. A6 -3 5 i B8 38
XA AEH W3 Iy B Hean R 2 KR R B VRRIRAE AR AE T L B TR AR T Bl i R KU R Al R
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JE A R A A S (Bock et al. 19993 Wanninkhof ez al.  2009), T &4 K4 A F AR,

ACTFGEH LR ST FIAC RS 06 00 B 10, 3, 20 8 0 M T80 2 X0 5 0 00 30 e 3 2%

I R T DR AT R (A HE R I A LA R K 5 R p CO, 1Y [R]85 I 72 J2 Jim 2200 58 v BE A7 CO, 22 i 1Al

TSRS . AN AT RE B b R BRAE AL e S 1 T 5 A RO L v e AR W 0 R S AR R

Yy R S 2H A AT A SRR A G A RE TN TR A 48 s R A DR R i A 5 B X T AR T C O, 28 4 3 1 119

FEAIALE] o

& £ X #t

AR, 2007, ZUFLLMLL BRI EY EREDTIE. T il Sk RS0 1 WF 50 A 2 018 S

XHE KR W 2010, MR R B MK pCOL 4 A Bok-R AWl &t o BN R4, 40(10) ¢ 127-132

25T AEERLCR WL 2005, VR BRIE RO ST 00 S AE s BR AL AR B VIR BERL AL 24 (2) 2 75-80

T T 0 L R4 WY M/ L SRS, 2000, JROZR IA R B R G A TV PR 1 A AR L WV IR B R, 24(3) . 77-80

KW 2004, hELTHEAED IR, GE  ARBH AL, 1-591

ARE N Sl 2001, KB O A T LB R T R Y TR TR AR, 20(5) ¢ 83-90
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