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Abstract; The harmful cyanobacteria pose a serious threat to the safety of drinking water sources because of their ability to release
microcystins (MCs). To illuminate the status of MCs contamination and the effect of its variants composition on water quality in
Lake Chaohu, the temporal and spatial distribution of intracellular microcystins (IMCs) and extracellular microcystins ( EMCs)
and main environmental factors in this lake were examined in summer (August) and autumn ( November) of 2012, winter ( Febru-
ary) and spring (May) of 2013, respectively. The results showed that the average concentrations of IMCs and EMCs varied from
0.12 to 6.45 pg/L and from 0.69 to 1.92 pg/L, respectively. Among the three common variants, the proportions of MC-LR and
MC-RR to total MCs were higher, and the MC-YR was the lowest. MC-RR and MC-LR were the major MCs variants in Lake Chao-
hu. The concentration and proportion of IMCs and EMCs variants showed different temporal and spatial distribution characteristics.
Statistical analysis showed that Microsystis biomass, water temperature, total phosphorus were the key environmental factors affect-
ing the variation in concentration and composition of different MCs variants. This study highlight the fact that the more MC-RR vari-
ant can be synthesized in the western Lake with high eutrophication in summer, while more toxic MC-LR variant was released into

water in autumn and winter. Understanding the changes of MCs variants composition and its key factors can help to predict the con-
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taminative status of MCs and assess the risk of MCs in drinking water sources.

Keywords; Microcystins; variants; temporal and spatial distribution; Lake Chaohu
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Fig.1 Distribution of sampling sites in Lake Chaohu
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W5E ;s K ARE S GF/F BEUE R F Skalar JE 8l 5143 MG 2 S A (NOS-N) (WA A A (NOS-N) (#& R
(NH;-N) A& PERE (PO -P) e iR M MEAT HLRK ( DOC) kSR I 500°C 1458 4 h (19 GF/F Jiid € 100 ml 7k
FE LSR5 8 = R B HEATIN E . 53 Ak, B RAE A 100 ml AKAF I 8, SR FH A & BER B — 23 066 3 ik o A i
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14 RERSERENUE
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J~80°C A7 FH F-I 5 IMCs. JETRE FAEOIEIMH , T E EMCs.

EMCs (i - Bt C18 BEARAEHUR: , S 10 ml FHEEAN 10 ml 3B4IK TG L/IME , 55 SPE [FARAE BUR %
Pz P UETRGE ) AR AL URE (i 8~ 10 ml/min) #E1T R4, HAESEEE, Je/F H 10 ml B4l 7K 1 20% ) H
VO VR AR ZE URE , P 10 ml B (4 0.1% A9 = JR TR 1A VE AR W VR MCs , Pk 6 8050 B e B 3 25 4%
L A0C AR 2= T H 1 ml H A AR T B TR BEIR A AR TR IR A 1 min, FEH/NBREEUR R,
50% MBS (V/V) SEZE 28 150 wl, 7.
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o PR T (S R A M. R A I 10 ml 5% (% 2 BRIE R, IR 2T, 2% 30 min J7 , 5 9500 %%/ min B0
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UE. VBRI 150 L B ZE KR B, SR 5 T R AR I 52 EMCs 119 77 72 308 3o [ AR A8 BURE & 48 Rk 45
HAFE] 150 wl HeAEH, R

R AR 3% (HPLC) 552 : MCs K10 2R I 26 [ 542 /0 7] Agilent HPLC1200 3 557 AR 5354, 1% £
PO DAD Faill#s. @iets N Ageilent Eclipse XDB-C18(5 pum,4.6x150 mm) 5 K 238 nm, iR
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25°C , HERERE 20 wl, J# 1 ml/min. JREIAH A S8 0.04% =R Z I FBLE7K ; T BIAH B S 206 , Ve R
TR1E R 70% FEEhH A+30% FishAl B, IHE] R 10 min;60% 3 Zh4H A+40% JghAH B, /&) 15 min. 4 MCs )
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2.1 EWMMEEFRETH

WEDWHBIR], AR A 2, B ZEfme iR 30.75°C , &A% 3.31°C. Chl.a ik 2 AT 25 43070 R4 : 2275
I RRAE(88.54 pg/L) NI 7, i/ ME (4.30 pg/L) HIRAEA-ZE (18] 2) 528 ) 1, RN U X > .0 X >
R (P<0.05) (£ 1). pH{EAEALIEFEY 7.01~9.40, e KIEHIAE R 2, e/ MEH UAE AL 2R (K 2) 525 [H]
b, IR VEI XS0 XS AR X (P<0.05) (& 1) 5T DO ¥ 5 pH A, HAR LS 4.47~13.58 mg/L,
I AR A2 SRR AR 2R (8] 2) s 25 A B, SRBUHZR I X > 1.0 X > PE I X (P<0.05) (£ 1).

HEWE SRR v B 2 U 0 A e S S A RRAE (81 2) 22 1, TN R R 0.56 ~ 6.96 mg/L, 3 KAH H AR &
2=, g/ ME H AR E 2% ; DTN (NH,-N [NO;-N FI NO;-N ¥k BEAR 2 AR & F 208 T2 K E 24k
HLE. TP ¥R 0.03~0.35 me/L, SR ELS, 5/ MEEBUEE 2, DTP # 4 0.01~0.11 me/L, 5%
KAB HIAEAR 5, 5/ IME H BLFERK 2 PO -P R FEE 4 0.0001 ~0.0910 mg/ L, Fe A Hi AR B 2, /I H B
TEA T, 23] b B IREh MR BE [ AR ] PH S 8, B0V V30 X > 380.00 X > 2R 1 X (P<0.05) . DOC il 5 34l 5
I A T SR ER A 25 VRRAE 17 SD USRI HHAH S A RFAE (R 1) .

1 LA BALAIA W) R 1 1 23 1) A2 Ak

Tab.1 Spatial change of physicochemical and biological variables in Lake Chaohu

Ap e PHHX (75) L () R (&)
TN/ (mg/L) 3.36(1.06~6.96) 1.57(0.70~2.38) 1.06(0.56~1.59)

DTN/ (mg/L)
NH}-N/( mg/L)
NO3-N/(mg/L)

2.41(0.34~6.38)
1.24(0.09~2.39)
0.51(0.09~0.99)

1.06(0.33~2.01)
0.30(0.11~0.80)
0.29(0.07~0.66)

0.71(0.24~1.54)
0.24(0.06~0.51)
0.20(0.08~0.41)

NO3-N/(mg/L)
TP/ (mg/L)
DTP /(mg/L)
PO3 -P/(mg/L)
DOC /(mg/L)

0.070(0.001~0.200)
0.17(0.08~0.35)
0.06(0.02~0.11)
0.0250(0.0020~0.0910)
5.52(4.34~7.72)

SD/em 52.83(20.0~110.0)
Kii/C 16.90(3.35~30.04)
LS/ (uS/em) 390.0(290.0~721.0)
pH 8.14(7.01~9.40)
DO/(mg/L) 8.31(4.47~13.00)

Chl.a/ (pg/L) 33.90(10.55~88.54)

0.010(0.001~0.030)
0.07(0.03~0.13)
0.02(0.01~0.03)
0.0040(0.0001 ~0.0130)
4.50(3.92~4.90)
54.17(20.0~90.0)
16.82(3.31~30.41)
300.2(184.8~361.0)
8.01(7.07~9.36)
8.35(4.97~13.58)
21.86(7.80~89.40)

0.004(0.001~0.010)
0.05(0.03~0.09)
0.01(0.01~0.03)

0.0030(0.0010~0.0060)
4.36(3.61~5.13)
66.25(30~110)

17.40(3.62~30.75)

298.4(182.0~359.0)
7.90(7.09~9.12)
8.71(5.20~13.13)
12.17(4.30~3.48)

22 EEABENEMETL

MG 4 AFERE 9 ASRAE TR A i, R B ER L ILSYR , e B A M 88.21% | falc e B A 5
2AEHIE b 11.20% , K22 0.39% , oA ) oy L AR (1T 3) . mT DL, Jig g 1 folc 3 958 Oy 53180 i 88 1) 2 32
LHJm , B Jm AN R B i 25 A8 Al Z= 70 1, e e A W i e R i, O 20.24 mg/L, & B dRA%,
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Fig.2 Seasonal changes of physicochemical and biological variables in Lake Chaohu

0.04 mg/L; f JEFEAERKERBFE A YRGS, FX AP 4050 73.23 1 89.22 me/L, M4 Ak, H 5.95
mg/ L. 23] I, ff 0 i o e A 9 o v 7 T O X T A ot R o AR 0 i T BRAE WO X, BK B B R TE AR
WX, & FRENZEDIETTIRHIX (K 4).

23 BHERESENIST

WEgEANA] 9 SRR ST R WREK H 20 100% , BASTE]HI X 89 MCs £27E ] B (s 5484k, B MCs 3%
BEJLFEI N 0.28~17.61 wg/L, fe = {A HIFE B 2 FH I X, e/ MAE AR AR IIIX (& 5) .

F4 R MCs 1) IMCs F1 EMCs 30 ARl 9 215 AR Ak . B 2 IMCs SE9R B fieisi,  6.45 pg/L, FkZE
L0 RS 2.06 F10.12 pe/L, MHEFNTHE 4.45 ng/L. 5 Bk AAHEZE 4 AZRF EMCs SEY8RE 73510
1.92.1.27.0.69 F1 0.87 pg/L. [F]it,IMCs Fl EMCs & BEAF7E I B i3S A0k, B KRR ZE ) IMCs 343k i
Y B 5 T EMCs( P<0.05) , T4 28 IMCs -4 1 BEIL T EMCs( P<0.05) (& 5).

22 [A] I, IMCs A1 EMCs 34 52 3L T X > 0 XS R A X ( P<0.05) F 43 AR F5AE , AR A IX IMCs 1 EMCs ¥
BEASL TSN R 0.10~2.75 F10.17~1.13 pg/L; W0 XA 31k 0.91~13.24 1 0.31~3.15 pg/L; P X 4
Wk 0.14~15.91 1 1.02~3.19 pg/L. IMCs 1 EMCs (5K (H 15.91 #13.19 pe/L A B MAEBREME RN
PG, AR fE 0.10 1 0.17 wg/L K MAEA R ARBIX (151 5) .
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24 WEESERMENHETN

o255 BoR S MCs £22% 7 MC-LR \MC-
RR fl MC-YR 3 Fp S 4. 3 Ff 544 PR 1) - vk
4394 1.81.,2.07 F1 0.47 pe/L. H MC-RR ff &5
He BB (47.46% ), Hvk S MC-LR (41.66% ) , MC-
YR /i 3R/ (10.88% ). MC-LR I MC-RR 2 L4
IR A i LR AR (8 6).

3 FhSRARGL AL L B B BRI 2 R
7L, MC-LR 7 5 Bb i oy & 28 (77.02% ) > Bk 2=
(49.36% ) ># 75 41.66% > 5 7 (37.91% ) (P<0.05) ,
MC-RR A%, W E 2 (52.11% ) ># 7= (48.27% ) >
KZE(43.14% ) >4 22 (13.03% ) (P<0.05) , MC-YR
T (14.74% ) >H Z2(9.97% ) >4 7= (9.94% ) >Fk
7 (7.50% ) (P<0.05) (I 6a). 2] |, MC-LR [ 4y
A B R ZR 511X (51.05% ) >T1.0 X (41.58% ) > P i)
IX.(39.83% ) (P<0.05) ,MC-RR “} 6 [X (49.54% ) >
WX (46.01% ) > ZR W] X (40.40% ) (P<0.05) , T
MC-YR B H W10 X (12.40% ) > PH 1 X ( 10.62% ) >
ZRIAX (8.55% ) (P<0.05) 537 FEAE (& 6b) .

IMCs [ 3 Fh S PR 1 ik B 2B 25 AR Ak, 20y
L3 PR AR R e BORRRAIL, A TR AL,
B 5 28 T R AR R R . a3 [a) 1, 24k P I8 X >
WOK>ARBIX (P<0.05). & ] X HE N F,
IMC-LR (5 K AH (3.59 we/L) HBLTE 5 25 (19 76 )
X, 3/IME (0.03 pg/L) HIAEA AR ] IX. IMC-
RR B RMH (8.12 pg/L) AR B Z P9 1 X, e/
{H(0.25 pg/L) tHIHFZENRBIX. IMC-YR 5K
H(1.31 pg/L) AR A P9 ] X, f/IME (0.02
pe/L) B BRI (] Ta). 3 FhFHg 47
o7 b AR fb AR AN TR] A B 23 R A : IMC-LR 76 8 (11
285 R SF X H 643 00 Sk 40.27% | 36. 06% |
29.62% il 33.19% , 2B ZEFIFK R Z AR, M E
ZTh . IMC-RR 7€ 8 11,2 F1 5 A /) FH#H
B4R 50.55% .56.89% .45.93% FI 48.83% , T B
MEERIB T KRN EREL, AR U
. IMC-YR 7£ 8., 11,2 F1 5 A BIF 2 He 614351
9.18% .7.04% ,24.45% F1 19.31% , 2 W i &  # %
I, M FEEMESE. 250 L, IMC-LR 7 5 H 4
SHAR WX > W0 X > P X (P<0.05) , IMC-RR Jif 4
H A5 R P 30 DX > 0 X > ZR I X (P < 0.05), Ti
IMC-YR i (5 LB 7E 5 A0 8 A S isco X > Pl X > 7R
WX (P<0.05) , 11 F1 2 H R AW DX >0 X > 75 i IX.
(P<0.05) (& 7b). 458 8RN S {& IMC-RR -
¥t s, AN DL .
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Fig.7 Temporal and spatial variations in the concentrations of IMCs variants (a) and their composition (b)
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