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Abstract: This paper analyzed the distribution and variation of microcystin(MC) and physicochemical factors in
Macun and Haidong bay of Dianchi Lake from April to December in 2003. The correlation of some physiochemical
factors, including the concentration of total nitrogen, total phosphorous, dissolve oxygen, chlorophyll-a and Seechi
depth, light intensity, pH, water temperature and dominance of Microcystis population, with microcystin was evalu-
ated. Correlation analysis showed that the distribution of MC was significantly positive correlated with TN and N: P
(P<0.01); and affected by Seechi depth, light intensity, dominance of Microcystis (P <0.05). Multiple contin-
uously factors analysis indicated that the distribution of MC in water of the two bays was mainly affected by total ni-
trogen, Seechi depth, chlorophyll-a, dissolve oxygen and total phosphorous (R* =0.560, P <0.017).
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1 ##R57%

1.1 R HmRRERE

TE 6.1 km® JE 35 P [ R K Sk R, o A 4 A (1 -47) il AR 6 A~ (5 -10") (B 1) . i F
b VS N AR T P KR AE 3 m 724 K PRI & M R AT BORFE B R A 2 LR 2 0.5 m IR K FE— A,
o 1L KB A R TG A T S 0B T, 1 L KRR A K AR FAR R B TR B 257 9 i e 4 I 4 2
R T A AR E M A AT SRR g A — ik R A A R R 1 9:00 - 11:00.
1.2 KfEmEESENNE

H 500 ml ZKEE, F0.45 wm B BR £F 4k % i 7
FEHIUE K FEE 1 T A 10 ml ZE48 7K #1110 ml HH %
i ) Sep — Pak C18 /NMT Uk & A BFH . FiAE &
SRS, 43 9 50 ml 20% FY R K 3 AR S i
VW ,50 ml HI st AE Sy 8 0 0 . g B Y e 35 0 ¥k, 60°°C
KT 28 R AL (dL 5t RE - 90) b & T 4, Fl &%
WET 60% W B, & 245 & 1 ml, BCH b 45 317
HPLC 4 #7157
13MHER MNEAERHMEEMBERBETE

M2 2 a U 75 1% L Whatman GF/C 3§ 5 4F
Hff 08 B A D 3 KRR (R TR W A ) 2 ) P E, —
JEEH 100 ml) K 4 A 35 04 0 WS AFF BB ) LA 90% 1 i
132 12 h,4000 rpm B0 15 min, L EE R ERZE 10 Bl SR G 7R 0 SRR

ml, PA752 BUA3 Y66 BT I 5E 665 nm 1 750 nm 4k Fig. 1 Locations for sampling in Macun bay and Haidong bay
GR35 BESCHR AR ST g R S i R R
REDL S8 B TH I - K & RF TR0 A KA VR 40 U LAV it 2 0 1+ HOHE T 250, 330 i 288 v 0 00 e A il B 8,
VA ol 20 S 0L 0 8 A D R TS TR B e R A
1.4 KL ZIERGNE

F I BE e G A & H A DKK. TOA 2% &) 4277 59 HM — 20P Fl DO — 24P 7K 5t 1 2l 5 43000 & SR A 5 35 B
F10.5 m KA pH {H VA i KR LA ZDS - 20 B4 (b 57 5 AR T ) R BE T I 42 R A I /K 4k R L
HE SRR J3E . SR P TR e 2 06 16 B U, e R B 1o T 0 0 A 5 A el g kil s
1.5 55 &E

K A BUIEAE Excel v Sy B 2, i T (02 SR A O 305 2 LT 40 bl 3RO, Boxd LR AT S 1B 5% A8
T HG A 50888 DU 6 A7 % O e (N T 10 B B I 1 R AT 0 Bk 8 ) AR & IE S 40 A, LA SPSSI1L. S AT
Pearson # 5¢ M 43 B & 4 18] )3 53 17 .

2 R
2.1 ONENBREMRESEIHRE LN
Ly RS FNEAR T 2003 4F 4 — 12 7 10 AR nd B BE 7 R OF 3 & 408 0.20 pe/L, Hp B S 4 AR AT

AW F RN 0. 18 pug/L, MRS 6 MR W2 R P M RN 0.21 pg/L, K& T S A
(R 1), DU KPR v B 2R 5 i B I IR T b 57 028 21 SO0 52 KRR R SR R K b 3 B 3 R ONAE T 1 pg/L
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fobm o BB A R T AR b R 4 0 OV AR T U T S A A LA T O3 A I 7 9 R ok
SEAR, HAE 4 -12 3 9 A A G b R BB BAR R, BT 4 AR T A B I (181 2) .9
NAGHHEARERERGHETE0.05 -0.89 ng/L Z A5, DA WA R G H7E0.03 -0.48 wg/L Z A5, %
UIRE G NEDERANTE 3 S N TR R A PN

1 SRS A o R R AL

Tab. 1 Data of microcystin and physicochemical factors in Macun bay and Haidong bay

G 5 A5 ¥ #

MRS E (pg/L) 0.18 £0.17 0.21 £0.31 0.2+0.26
B (mg/L) 4.93+2.97 4.96 +3.28 4.95+3.14
BB (mg/L) 0.31£0.15 0.26 £0.12 0.28 0. 14
W4 (mg/L) 8.97 +1.92 8.84 +1.14 8.89 +1.49
pH 8.68 +0.26 8.75 +0.22 8.72 +0.24

B (em) 22.3£8.9 24.2 8.1 23.5+8.4
HIE(C) 18.8 +4.1 19.0+3.9 18.9+3.9
M4 % a (mg/L) 0.22 £0.14 0.15 £0.07 0.17 £0.11
S B3 (Klx) 44.07 £33.18 35.98 +28.07 39.22 £30.3
48 3 o R A3 (%% ) 90.63 +8. 13 84.62 +14.24 87.02+12.5

22 5ME BREEMBUERFAIMETH

A ARG S04 P AL AL B 4.9 me/ L R A BT B A0
o, BT R L (N2 P) AR TS 5 T SO RIS 6 7%, T I8 f0 VA Ak 40 pH M I8 D B2 VIR DR TR R TE I e 22 =
2R R a I BRI SRS U B T RS X R AR Y A T RO
BT WA A s — U B (R ).

2 WUEAL A T ] AR B S R SR a 3 B TR A S AR A T i AR AL B AN, AL AR BR TR
PSR 22 K (BT AT 8 AR TE PO VS ) AR AL R SR AE TR (1 2) . B R A TR 4 -7 AR K,8 - 10 HhiE
H 35,10 H ik e KA 10. 71 mg/L. G875 6.8 .9 A 033 B T RS (8 (5 8.9 03 P M i S ml & i
A ZEBOR, B & 2 0 e/ MBS BLTE 10 A3 P& 209 0.10 mg/L. 4K a &2 ] BB H S S8
AR, 7E6.8.9 A MWl I T Bl (A4 3 a &kt 10 A4 LUS W — B REAR, = 12 H H s
LR R MR PEARE 0. 04 mg/L Ay . M 8 A8 AL 2 S0 R M B sh i 45 0,4 5 6 A (r i il &8 A
LFHLT A6 FRE,8.9 H 4y 38 H I I ZE 5 E 10 A M TR, 1112 A4y X&H L. pH EHE ] 2R
KRIYTE 8.30 - 9. 14 Z[AlAEZy, B 55 st i W AR L7 P 1S 2 AR L0 .4 -8 48 ] T R, 8 J iy e fIT
9 11.5¢m,9 10 A3 X248 L, 11,12 F 3 1 F XU 00 30 5 7 W] B SCA T AR I B2 110 28 Ak 78 T F v5
MRV R — 30,4 -9 AP EEARYEFFAE 21°C 22 47,10 3] 12 J B BAIRE 11, 1°C. s B 1Bk 7E 4 - 10 A
By FEA B R B B R SONIRBE 1Tt 4 3 di R 98. 19 Kix, 10 7 3 e AR X Ay 10. 54 klx. fif 9% 56 b AR
PL TR 4 -6 HIEARRA T Ay ikl 65.70% ,8 — 12 J] iy M 445 7R 8 i K- (90% LA L) .

23 MBFHLEE

3 g S AR A P WL T LA A b ) Y RO AR TS VR A O R D O, R A e T B (M-
croeystis aeruginosa) |43 {013 8% 3 ( Microcystis viridis) Fll 2 [ 13 %% ¥ ( Microcystis wesenbergii) = > Fp , H: op 4 4
TR B 2R e oh 4.5 H R &% A K 2R 22 B (Aphanizomenon flos-aquae ) F145 i £ i 3 (Anabaena circi-
nalis ) H BL.
2ARBESENESEREAX BHASH

AHSCPE AP BT 45 R R W (3R 2) « DRI O AR VB /K A op 8 3 28 i 1 1 RN U L 2 T S R
FW G, 5B Y D6 BR AR BERD R U030 8 Z MR AA 7 g i 28 S B AR e, ek, BBEE 5
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Fig. 2 Variation of microcystin and physicochemical factors in Macun and Haidong bay

during April to December in 2003
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Tab. 2 Association analysis between microcystin and physicochemical factors

LR AR

HEOHA BB AW a3 H #&WE RE gk
BE A B OABEL BEmA p BWE ORE MR B BRSE

#Z R 1.000 -0.490*"* 0.197 0.470"**-0.211" 0.142 0.223% 0.132 0.064 0.290"* 0.229"
P 1.000 0.000 0.063 0.000 0.046 0.183 0.034 0.216 0.551 0.006  0.030
BA R -0.490"** 1.000 -0.137 0.798 0.056 -0.253 -0.435 0.128 0.443 -0.561 -0.324
P 0.000 1.000 0.199 0.000 0.598 0.016 0.000 0.229 0.000 0.000  0.002

Jexi R 0.093 -0.039 1.000 0.578 0.363 -0.085 -0.671 0.313 0.414 0.020 0.302
P 0.383 0.714 1.000 0.000 0.000 0.425 0.000 0.003 0.000 0.850  0.004
AW R 0.470°7° 0.798  -0.706 1.000 -0.108 0.163 0.064 0.057 0.146 -0.474 0.119
P 0.000 0.000 0.000 1.000 0.309 0.126 0.547 0.591 0.169 0.000 0.263

WA R -0.211° 0.056  0.363  -0.108 1.000 0.329 0.059 0.467 0.157 0.234  0.067
P 0.046 0.598 0.000 0.309 1.000 0.002 0.581 0.000 0.139 0.027  0.529
pH R 0.142 0.253 0.030 0.163 0.329 1.000 0.426 0.237 0.150 0.530  0.102
P 0.18 0.016 0.778 0.126 0.002 1.000 0.000 0.024 0.159 0.000 0.337
HWE R 0.253° -0.394 -0.671 0.055 -0.059 0.433 1.000 -0.040 -0.269 0.386  -0.495
P 0.016 0.000 0.000 0.608 0.581 0.000 1.000 0.706 0.010 0.000  0.000
R R 0.132 0.128 0.245 0.057 0.467 0.237 -0.070 1.000 0.645 0.105  0.206
P 0.216 0.229 0.020 0.591 0.000 0.024 0.513 1.000 0.000 0.325  0.052
M4EE R 0.064  0.443  0.281 0.146 0.157 0.150 -0.313 0.645 1.000 -0.133 -0.197
P 0.551 0.000 0.007 0.169 0.139 0.159 0.003 0.000 1.000 0.212  0.062

JCHEERE R 0.290%° -0.561 0.121  -0.474 0.234  0.530 0.389 0.105 0.133 1.000  0.163
P 0.006 0.000 0.257 0.000 0.027 0.000 0.000 0.325 0.212 1.000 0.125
MR R 0.229% -0.324 -0.185 0.119 0.067 0.102 0.421 0.206 -0.197 0.163  1.000
BE#E P 0.030  0.002  0.081  0.263 0.529 0.337 0.000 0.052 0.062 0.125  1.000

1) = MI(P<0.05); #x BEHMA(P<0.01); === H BEMK(P<0.001).
% 3 B EE M4
Tab. 3 The result of stepwise regression analysis
5] 15 7% R’ F P

SR, B R 0.435 4.89 0.030

BA, EWEE, R 0.475 4.05 0. 047

MR, B, MR, WA, B 0.560 5.93 0.017

S, B, MaE, BRE 0.514 4.51 0.037

BR, BUE, BMA, Dk 0.559 0.14 0.708

R, WA, Sk 0.543 2.08 0.153

TR B P Spearman A &ML 34 [MUT A7 45 LU 3, B b L pH (B ' IR G R % ol 2 R BB O A 4R
28R e HE A USR0S o A [ UEL A R 2R T I U AR R Bl X M g 2 R AT T
R 3551 0.560 (P <0.017) . H H 0 s 3 25 20 5% 00 /MR U Ol 3B W > TR > Bk > A > g %

3 itig

31 EMENE BRTENEFS RS EHRE DR
TEL b AL 25 B v SR, LR A BV i D R XU T K SO M T S AR AR AR S - 10 0 R SR ik R K 1Y TR



FRFF AR REZEFT LI AN A ATHMERAR 577

P 1 Dt O A R R A AR AL T KA R T S R W ARV MY R 7 A AT (5
RS 4 5% ARV 3 45) B B 1 R RE B Tl AR b B A 305 35 7K i ok 9 M T R L R R e TR S LB R K
I35 7K i i T 78 A0 B R 5, 33K A8 3 K ) 2 AU T SRR RO A K S — A R R
pH {1475 15t 5 T T 082 A A G B8 TR 4 A 3 BT 9 7K SC M R B R S 1 R R A A A e
P T B R o 7 K T B 43 A K PR HCO, R OH ™ & 4, 5 B0 Wb 7K A k. D1 0 1F 5 3 W, 1K
pH(/INT 6) (A R F B A K, w5 pH KT 8) B 1) T J5 % s 28 A0 U 0 A R 1) Bl A 3 35 A
A5 )T A A 0 W 0 A I, — L A K 0 H A 46l L DT B K A R A T X 5 1 Ol R R
T LB AT A T S G K R L R I AR T A A D T e O AR K
(9B KRN, 4y ph T I U 9 200 A 10 X K R A R B R AEAE TR B K PR R R R R
AT R TR AR B i T O O KR A T 2 0 R AR U 4R, TR O R Tt & K
VT M T ARAE , LB B K AR 1 0 R S B S A A ) L B R T K W A R RO,
JF 18 5 e RV 3, A A 375 T 135 % 20 S MR 0 165 . B Bk T K AR R A BN UK O T ARG L X R R O B
66 69 375 35 35 K T I R 5 A ) T K A R LA R AR A B WL Bl E AR 1) O B
ST UL BB T AR K ) | T I 1 DR i A R T R ) 7K SR R R AT T K R 1 3 W L 4 e TS T T A 0
I 5 85 A DR 20 A 78 30 5 9 2 A K S B A A SR - ol 0 R R K B LBl IR D R pH 4
£ BRAK PR T 10 S 532 K SR, 5 T LA R e 1 T S o T A 1 T K A T K A 1 T R A
g ] 422 0 5 ) T 4% 00 AL b A8 A [R) IS B T K A e 9 2R 0 A 5 R A
32 MERSEEERBEAEEALESN

TR B 2 200 7 A R B B ), Sivonen BIFSE T BIE 9 7 75 45 1 R UBEAE 0.1 0.4 mg/L {5l
A T 06 0 7 R St TR A T 940 T8 (L R X A 8 M 7 R A O AR T A X T A I
V5 VS A TV O R R AT AR S MR AT IR, R DL HG S B S A SRR O T, TR PR S T Y
i T WX T R 2 A 1 o Y8 B 3 L, X I Wiicks o 9 9F Hartbeespoort 7K 7 i 15 1 9%
M 7 Z AT AR 56 A0 BT IR R S B 3 ) LA 6 06 R AR R — B L AR I 5 K BT R L R S T
WHHE TS RA SRR B O X S LI R I S A S S MR S
I TE AR S AR T T R P I B X T I A O U A PR R Ok 0, il TR R AL
B 7 9T A A KPR AR MR S KR T AR DE R RV DR AR MR SRS
S B3R B 5L TE R G, I LA T A ) B 00 R B O 55 R T M R R T e R
BRI B B G OGN 2 TR T AT O e T K T U A R R R G
BRI T M RN RN TR, B Y AN M T B R o 2 B K A b L e A e AT
T 0 o 2 TR AR AR v U A S A A 4 OIS DRI 2 K A el T O A Y P T T 8 R A R
£y 7 P 95 it S 52 T G, 33— 5 582 2 1) ) 90 45 VA5 0 TR T 28 10 3 7 5 7 A S AR A1 1 i
ST B, N 3 TR 0T LU ) Th R8s U 2 V0 G 0 1 3R ik 5 o TR o ) A B S A A G, 3 1 T 5
i) T A ¥ A R V5 375 T B ) R 2R O R A R A« o T A LA D 2 B TR A K PR T T R
75 1A 10 I T 9T 6 S A DU K1 g Pl 2 6 8 350 A KRG e 75 K o W BE I T T I R R R e A, i
SR TR GY U E LT C 3 SRl S IEITE SN L Ay LR TE 3 el b
IR, JELE 0 25 5 R 0 30 B A T AR UG . 30 (0 7 T AT ¥ 90 45 A 0 T 25 T 5 Ao S R O B 2
A L B G UL TR A S S o T T R A R R 2 e
33EMONE BEENESRSECENIERS

M X TR AR R R R S B S A L R T AT R R R R SR R
PR E BRI eAh, M M A SR L REERME SRS RN EEREZ (R =0.560, P<
0.017) . 1 F IhARF 5 W0 A% V25 4 k110 i T {6 15 G028 08 00 2 A 5 % RTRL 100 6000, 6 180 00 30 9 1 T 3R 1 91
RE 55,3 B A R 5 T T 2 T 2 A DR, 4% TR 2 U IFS R T 015 750 1 o 9 7 28 T REAIE
sk 00 (0 A S0, ) 214 o 8 8 745 2 i 5 0 I 308 o 4 45 6 B K1 7 000 1) 75 5 5 ik T S B
Z MR M 22 8. oAb, iy T3z FH 3% A 1] U517 A 7 A8 LA P [l DA T T 4% o] U9 A e (R LR ) 5
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MEREHFRXTEZAREMCR YW A 5 MR T R Z AR 2L MR A X A B s ST
R T DATE I DA A X T R I T R T T B R R AT T R A — o R R, TSt L AT A A
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