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Research on the Threshold of Chl-a in Lake Taihu Based on Microcystins

WEI Dai-chun'?,SU Jing"*, JI Dan-feng', FU Xiao-yong”, WANG Ji' , HUO Shou-liang', CUI Chi-fei', TANG
Jun', XI Bei-dou'

(1. Innovation Base of Ground Water and Environmental System Engineering, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
3. CNHOMELAND Environmental Protection Water Pollution Governance Academician Workstation, Guangzhou 510630, China)

Abstract: Water samples were collected in Lake Taihu from June to October in 2013 in order to investigate the threshold of chlorophyll
a (Chl-a). The concentrations of three microcystins isomers ( MC-LR, MC-RR, MC-YR) were detected by means of solid phase
extraction and high performance liquid chromatography-tandem mass spectrometry. The correlations between various MCs and
eutrophication factors, for instance of total nitrogen (TN ), total phosphorus ( TP), chlorophyll a, permanganate index etc were
analyzed. The threshold of Chl-a was studied based on the relationships between MC-LR, MCs and Chl-a. The results showed that
Lake Taihu was severely polluted by MCs and its spatial distribution could be described as follows: the concentration in Meiliang Bay
was the highest, followed by Gonghu Bay and Western Lake, and Lake Center; the least polluted areas were in Lake Xuhu and
Southern Lake. The concentration of MC-LR was the highest among the 3 MCs. The correlation analysis indicated that MC-LR, MC-
RR, MC-YR and MCs had very positive correlation with permanganate index, TN, TP and Chl-a (P <0.01). The threshold value of
Chl-a was 12.26 mg-m ~* according to the standard thresholds of MC-LR and MCs in drinking water. The threshold value of Chl-a in
Lake Taihu was very close to the standard in the State of North Carolina, which demonstrated that the threshold value provided in this
study was reasonable.

Key words : Lake Taihu; microcystins; chlorophyll a; eutrophication factors; threshold
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Fig. 1 Distribution of Taihu Lake regions and monitoring sites
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(1000 mL, KX # # B ); & 5 40 5k il
(SCIENTZ, JY 92-11); [EAHZ B3 & (SUPELCO
VisiprepTM ) 45 B.25 52 ; I HETR AL (XW-80A) ; %
FRES O ML (A HI850R ) 5 [ AH A% BUAE ( Waters
Oasis® HLB DCHP, 20 wm, 2.1 mm x30 mm) ; £
Sk AR (25 mmAcrodisc GHP 0.2 pm,Pull ,USA) ;
HLB [EIAHACEUE (Waters, 500 mg, 6 mL); &K

BEH Cyg, 1.7 pm, 2. 1 mm x50 mm) ; [EFHIZEERL/ 48
T RCHRAR 3/ ER IR DU AT BT 1% 2R 48 ( 36 [El Waters®
3] 3 MasslynxTM* ' T AEG.

i #. MC-RR. MC-YR. MC-LR ( = 95%,
ALEXIS) 5 ZFR(43Hral) ,Jim B R K; HEE (A
ik 4, TEDIA ); — 9 & MR ( TFA, o % 4,
Dikmapure) ; PN F1IE C 4% (J. T. Baker, USA) ; &
FF1FHEE (MREDA, USA ) 5 20K (Jb st dbAbHs 4i 1k
i A PR ) ; R (Dikma, USA).
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AN 1 Frs, Herh AL B C 43008 2% &K,
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Table 1 ~ Chromatography condition of measuring three extracellular MCs

PO IC % ( quaternary pump)

T JLZE (binary pump)

Fisf i) ik A B C D i i) Tk Al Bl
/min /mL+min ™! /% /% /% /% /min /mL-min ~! /% /%
0 2 100 0 0 0 0 0.25 95 5
0.5 2 0 95 5 0 3.8 0.01 95 5
3.8 0.01 0 95 5 0 4.1 0.25 95 5
4.1 2 0 0 0 100 7.0 0.25 5 95
7.0 2 100 0 0 0 9.0 0.25 5 95
9.5 0.25 95 5
11.0 0.25 95 5

1.2.3  JROP e aE R I e Ty ik

BL0.5 ~2 L f/KFEE S 0. 45 pum GF/C JERR T
U B T RS IR IEAE —20°C T2 24 h, fit ik 5
TN 5% 1) £ BRI R 75 B, 768 000 r-min ™' T &0
3~5 WK ICEERY b5 WGE IS AR 1 HLB /MR
£, 1120 mL 10% F1 10 mL 20% () B BEVA I bk v | 7
FH 10 mL &4 0. 1% TFA 1 90% FBEBEN , 2Kk 2
TJ5 H 50% W B e 2 2 1 mLL, o F A8 = S0m A
3l R PURAT Bl RS e M. RN 10 pL,
P :0. 25 mLemin "', (ARG R A6 R VRN, U BN
AH A 1B 43518 0. 1% H R K WA i , LR
%445 0 min:80% A +20% B, 3 min:40% A +60%
B, 3.5 min:10% A +90% B, 4 min:80% A +20% B.
1.3 HERnmE ik

B (SD) R FHFE [CEL LI 5 = 2 46 45
BOR FH R v B 2 B A 7 5 TN SR FH B 3 At 7R
BT R MO EE T NH, -NR 40 G5 40 0t
RS NO; -NR 25t BV s TP 2o i g 1
TR L B, PO, -P R4 GG % Chl-a
W RE R FH P TR 2 B 43 O O BE 1, N 2 34 4 iR SR
[17 ] k1T
1.4 HitinE

T BE 76 Excel W HEAT T8 I & 57 B0 1,
K SPSS 16. 0 X 7K Bi &g 47 Spearman #HIEME 43
BT, >R HH Origin XFECHE 1722 &1 50 #T

2 HR5ITR

2.1 KKK PAEIES MCs 195315
KIWIARIE X3k MC-LR . MC-RR Fl MC-YR [y

BEA AR UL 2. TR RT DU KK AR iR R A&
) MCs 43 fi A~ —3%%. MC-LR, MC-RR F1 MCs V-5
WP B2 (A1 43 A RRAE B0 R MR TS > SIS | g
FRUT R X > B0 X > A X, E#EBX. 1 MC-YR
XA R B 1 2% 1) A A R fE BN MR TS > T A
S 7 IS T N L = o S = 1 | O £ S o B
DL MC-LR ¥ i, LA MC-YR B3 fefIK.

[ MC-YR
B2 MC-RR
MC-LR

MCs e /ug: L™

B2 X#MAFKXE MC-LR, MC-RR #1 MC-YR 85K E 5%
Fig. 2 Concentration distribution of MC-LR, MC-RR
and MC-YR in different regions of Lake Taihu

RIS ) MCs B2 =5, 3 b MCs 1Y S8 1
WeFEAR ) WHO FUPRIEE (1 pg-L7") , Hr 10 H
(1) 3 Bl MCs SR 1 1) ¥k 8 0 R B iR i 3] T 264, 55
pe L' SRR N MRS R A 5 A IR TC T,
TKHEOGR R B IR R, R EER R
B 5 WA, KR A AR B AR 32 g R 6 T K
PEIb X, B A MCs 45 5 % Koml, KR 1 5%
i1 10T A S A A R AR A X
MCs ¥R BERER. ARG DX BT & To 8 i 2 2R K
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Pk, H: MC-LR | MC-RR AU BB T 1 pe L1,
JCHIE KR 52 W R MCs (VR BERS &1, 45
Wb R RAR RS E. WIPHIX 1) MCs & 5542,
Bz Pk 75 M f R 9 MC-LR % ¥k ¥ 1.66
pge L7 YRR K IR M G R 0 X, & WA MCs ¥
FER /N, HIOK RN MCs 19 £ B B 2 AR 22 42 1.
SEA DIAERIESE AT, A0 O XK B At B
MCs ¥ B AR XS R i AT W DA v R LA 10k,
NN R R T RO RA M T AR i MCs A
J 2O DX RV AR, B A A K 2 T Ao
BEH AR B A A A 5 6 #T 2R R T
SRR R RESH R AR TR B R R A HAR T
O X AEFREE T MCs ¥ B 5 1A 208 K B I8 IX 86, 3
3 3 B0 X MCs % BE 358 v A L PR 22—
2.2 MCs 5EEFRBIFHLR

R BERERAER DT EFRTER, BRI
WA E B IR SR R 2 A B R
W P BOR I B R KR A, DT hn K 44

MCs A9, SD Fl Chl-a J& /KR & 78 37 4k 5 i fiz A8
B RIS BORAE T KRR LTS YR B,
AT ST 20 B T KK R MCs 50 B &8
FEAR A AR S,

KWK 45 Fl MCs 5 58 F2 38 br 9 A S 1
M4 BANEE 2 Bk : MC-LR, MC-RR, MC-YR M
MCs ¥ 5 @5 R 8%k, TN, TP, Chl-a S % 8 %
IEAHEPE(P <0.01). Hrfr 5 TP [ AHCHE REUR
T, X T SR T A S R AT A ke A T i BR R
AT B PR A K L B MCs R Y E
THrEIEM. 5 Chl-a MM XHRBWE (R >
0.85) ,3X 5 Sakai 457 75 AW BB 55 25 AT A
AN, N 2 3B 0] LA Y, Chl-a 5 55 46 R Eh 45 %
TN, TP 24 3 IEAH G (P <0.01). Hi, 7F
KW Chl-a #2 E — AN 414 PEAE T, A ALRE S e zk
TR E E SRR R BB — & R 25 & R AE KW
KA MCs B9 22 /0, 1] LAAE K EE ST MCs 5 Chl-a
R,

F®2 MCs 5SEERIEREXESR"

Table 2 Correlation analysis between microcystins and eutrophication factors

SD E?Qg TN NH/-N NO;-N TP  PO}"-P  Chl-a MC-LR MC-RR MC-YR  MCs
SD 1
IR R AR AL -0.293* 1
TN 0.222* -0.06 1
NH, -N 0.038  0.133 0. 196 1
NO; -N 0.136 -0.531" 0.583" -0.107 1
TP -0.165  0.687™ 0.384* 0.096 -0.203 1
P03~ -P -0.261%  0.497* 0.020" 0.254* -0.110 0.340* 1
Chl-a 0.132  0.704* 0.380* 0.166 -0.194 0.948* 0.365* 1
MC-LR -0.062  0.541** 0.422** -0.045 -0.103 0.951* 0.090 0.868 " 1
MC-RR -0.059  0.531* 0.427* -0.051 -0.093 0.941* 0.071 0.856 ™  0.998* 1
MC-YR -0.078  0.580** 0.423* 0.034 -0.126 0.973* 0.173 0.910*  0.990* 0.983* 1
MCs -0.062  0.540** 0.424** -0.043 -0.101 0.950* 0.088 0.867 ™ 1.000™ 0.999™ 0.989* 1

1) * R P<0.05, * 55 P<0.01,MCs & MC-LR . MC-RR } MC-YR )5 F1

2.3 FTF MCs (9 Chl-a BI{ESHF

MCs ELA 5 2000 A S 988 . B R 988 RN K i 96 1
H L faE AR . I, 78 WHO X} MC-LR ¥ &
AT PR E LAt b, N ) 1 R % [ PR 248 Tk
FHAKHPERXFAS 5 N BE RS MC-LR 1 MCs 1) ¥ 5 fR
B Forok BN 1 4 FRAE 53 531 R 0. 32 pg-L ™' FH
0.88 pg L', XL 43 5 & 0. 11 pg-L~" F10.29
pe- L7 iR ) MCs R ME AL 81 7
BREERR ) L, W5 i kR K R A
FJLZEE MC-LR Fl MCs RFR#EFRRIE 73BT AR Chl-a
] {1, DAL T % o 7K IR bt 7 A 22 4 A AR

2.3.1 %7 MC-LR 19 Chl-a BU{ESHT

WAL AT T, K K AR H MC-LR 5 Chl-a
S TE ARG  AHOCHE R R R 0. 868. 1M HLAE
K, Chl-a BEM— R T I WK IR I 8 TR R vk
BERANLIG YRR, b s MC-LR (1) BRAE B H
Y5 Chl-a 1956 2 K058 KK AR H Chl-a (4 5 {8 B
A —E R E R AT AT

KZKARA R T 4 A5 s A2 MC-LR 9k 3 22
SR, X MC-LR 5 Chl-a B #& JE #E47 X £k
PEEE (K 3), F A lg (MC-LR) = 1.618
lg(Chl-a) -2.74. PIERHIZK MC-LR X} g A FL
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H R RAVF AR 0.32 wg L7 A0, 11 pg-L7'
70 B, Hoxt BE 89 Chl-a ¥ BE FR A 20 9 N 24. 41
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3

y=1618x- 2.74 -
R*=0.56

(%]

lg(MC-LR)/ug-L"™!
(=1

lg(Chl-a)/mg-m
El3 MC-LR 5 Chl-a HjX %
Fig. 3 Relationship between MC-LR and Chl-a

y=1.641x - 2.567
2r R*=0.58

lg(MCs)/pg-L™!
o

lg(Chl-a)/mg-m™
B4 MCs5 Chl-a FIXH

Fig. 4 Relationship between MCs and Chl-a

2.3.2 JEF MCs 1Y Chl-a H{EH /T

ANIA)E R B B B U8 T AR FH K44 MC-
LR Fll MCs ¥ B (1) FH O v FR A, {E 2 £ X5 K i 7K
PR HEH LA SRR MC-RR AT MC-YR () FRAE
FHIEHE. SR MC-RR Al MC-YR 075 14 Ak &
AT 20 T HAHOCHE A i R E 15 Chl-a &2
W B AR (P <0.01). P, A B9 5 43
Br K B K 44 o MC-LR . MC-RR F1 MC-YR #Y B Fil
MCs 55 Chl-a [JC & #RF T Chl-a BYE{H.

XF MCs 5 Chl-a AR B2 47T X B Pk [m1 05 (&1
4), )5 M 1g(MCs) =1.6411g( Chl-a) —2.567. #&
MM Otten 252 3F K] 2009 ~ 2010 4FE H & MCs 5
Chl-a Z [A] 3¢ & M #fF 58 45 1. MCs = 0.01021 +
0.079 65(Chl-a) , SAM 5T 45 R 145 5 1g( MCs)

=1.6411g(Chl-a) -2. 567 i 5. HEZFHE
Otten SFMYBFFREE T AE 6, 7 J1, 1 AW 5% i 4 45 Bk
B, AR B 2ok U, FR 2R B A S Y AT
T, R i N 3 0 3 R A KR A5 A e i i
Hh MCs ¥R BERE K, [H AN MCs 28I A= YR fige | 78
JEHR A B (0 AR AR I LT 237 A R
K, ABFFE T 1% MCs 55 Chl-a BYAHCPEZR IR Y
BERAXT A,

B MCs X R L2E /9 B i AR &
1 0.88 wg 7', 0.29 pg-LTRA TR Ig(MCs) =
1. 6411g( Chl-a) —2.567 #4750 #, X W [ Chl-a ¥
BE4r51°4 33,92 mg-m 1 17. 25 mgem °.

PRIt 38 2o 5 R W 7K 4 MC-LR Al MCs 19
Chl-a 7K 43 B 45 3, K 7K i 2 4 il b ofie o
Chl-a /) 5 {5 35 [l 4 12.26 ~17.25 mg-m . Chl-a
() B T B IR RS, NI/ AR 1) 4 4 1ok
AT, AL T — M2 4 KO BLAR BEOR BE R
(AR S PREE B T B HK B Ak, AVE R R K
PRI AT FHPESR 43T, 51 XU S5/ IMA T I | S
JK 5 22 4 5 1 B i Hh Chl-a 19 115 % K 12. 26
mg-m ANGE B — N5 i R E B VE T T HLE
Chl-a |5 {F (4 1 AT L9 TR 7K U5 b 1 7K 32 A 7K
]S SRR ).

2.3.3 KI5 EEBNA Chl-a B{E R LT

T B = XHEIA KR Chl-a B i B (E B AF 5T,
A5 EPA XHBIA . 7K FEZK A8 3% 0 05 o 1) F 5%
BRI i ELER AT MR BB A T Chl-a i b5
BRI . 7636 E AR HLE Chl-a AR FRAE A9 254 M
Hrdb R 2 R A 5 A TS A M TR ARRAE
BERREARL, BRI K A 5 3 TG R 2 SR g M 1Y
Chl-a [H{H AT HLEK.

me 3 fros, A5 A A KB Chl-a W5
AR 2 R GIMNEAAE LLEC R A% . B T AR
MR FI A MCs Z Al Chl-a BYE R, J2
F IR MCs B LG Xt K AR 8 3 e RO L Y
Chl-a {8 ; ULA, KW & — A LUK ZK S 3 i)
T, AR AR B 13 Sk U, FL Chl-a B E 5
AR R PR

£33 KHMELFZTRHGMBABL Chl-a BELE
Table 3 Comparison of the thresholds of Chl-a between Lake

Taihu and the Lake in the State of North Carolina

HIR(E] AT AR/ km? Chl-a Iiﬂ{ﬁ/mg- m ™3
e ) 2338 <12.26
b2 e gy Mmin =0.04 <15
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(1) KWK R MCs 5975 Ye 5 h ™ &, IF LU
MC-LR ¥ i, LA MC-YR B9 Ef K. X+ T MC-
LR, MC-RR, MC-YR HI MCs, H:23 [i] 43 A 45 fE Je A
TN MRV > T, PEERIE R X > 0L X > 45
WX, P ERIIIX.

(2) KK A& H MC-LR, MC-RR, MC-YR K&
MCs ¥ 5 S iR Eh 46 80, TN, TP, Chl-a f#1) i3
IEAHE(P <0.01) , Chl-a 5= 4R MRE TR %0. TN, TP
2 i 2 TE ARG (P <0.01).

(3)%f MC-LR, MCs 55 Chl-a i 17 £ [H 14,
J R4 9 M 1g(MC-LR) =1.618lg( Chl-a) —2.74
Fllg(MCs) =1.6411g( Chl-a) —2.567, KLk FH K
i MC-LR Fl MCs IARIE(E 0 AR 38 , 75t K1k
IR M % 4> 45 ) bR fE o Chl-a 19 B {6 4 12. 26
mg-m

(4) K Chl-a S{E 5 26 E bR 2 R4 1A
(1) Chl-a bRUE(EAH EL , 28 T 75 5B KRR 1 % 4
FRARL, BB A AW AR FH 7K U5 L MCs 179 92 i 412 11 4k
i AR R KA 22 4 | 068 R0 A e B 9 A K
2 A R R L
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