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Abstract: In order to explore the vertical distribution characteristics of microcystin ( MC-LR, MC-RR, MC-YR) concentration in
the water body and sediment of Meiliang Bay, surface water, overlying water, mixed water, interstitial water and columnar sedi-
ment samples at six points were collected in May 2018, and the microcystin concentrations were analyzed by ultra-high performance
liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS). The results indicated that the MC-LR, MC-RR, MC-YR con-
centrations in water ( surface water, overlying water, mixed water and interstitial water) ranged from 11.80-1297.14, 2.50-
818.40, 1.80-176.00 ng/L, respectively. The MC-LR concentration in surface water, overlying water and mixed water were higher
than MC-RR and MC-YR concentrations, but there were no significant difference between MC-RR and MC-YR concentration. The
order of MC concentrations isomer in interstitial water was; MC-LR > MC-RR > MC-YR. The MC concentrations isomer ( MC-LR,

MC-RR, MC-YR) in interstitial water were all far higher than those in surface water, overlying water and mixed water in vertical
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profiles of water, the MC isomer concentrations in surface water were slightly higher than those in overlying water. The MC isomer
concentrations in mixed water were between surface water and overlying water. The MC-LR, MC-RR and MC-YR contents in sedi-
ment with a depth of 10 ¢m ranged from 0.60-26.95, 0-0.90 and 0-8.10 ng/g, respectively, and the order of the average content
of three MC isomers in the 1-10 c¢m layer was MC-LR > MC-YR > MC-RR. The detection rates of MC-LR, MC-RR and MC-YR
were 100% , 70% and 92% , respectively. In the vertical distribution of sediment, the MC-RR concentration was low and showed
little change, the overall trend of MC-YR and MC-LR contents increased first and then decreased with the increasing of the sedi-
ment depth. The results of correlation analysis indicated that MC isomer concentrations in surface water and mixed water were posi-
tively correlated with total phosphorus (TP ) concentration, respectively, but did not show correlation with total nitrogen ( TN)
concentration. The MC concentrations in overlying water, interstitial water and sediment were positively correlated with TN and TP
concentrations, respectively.

Keywords; Lake Taihu; Meiliang Bay; microcystin; water; sediment; vertical distribution
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(1) Kitk BAREIARR R REVERT , (2) ULREY BB TE WX K A4 MCs TR BHE A, (3) 74558 7K R & pH
KT RS RIER, (4) JEREMAER, (5) AEYIREMIER. BLAh, TF5EIER , MCs 38 ] DIFE fa fR  BE2 K H A
AKAEAYR AT — B S I MCs 155 R97K 5™ i, MCs AR A FT RELE A A 57 45, AT 6 A A4 385
TR

H BT, [ A= b A A 2 8 K AR R i A v MCs YR BE TR R T 35400 5T, 31 BUE T — &5 5T
ZEIL. Xu 28RBS e vk (ELISA) 2087 T HERRIE K fRk i MCs Bk 9284k, R BR—4E 2 i 7— 10 A Ky
KR MCs Sl J38 4 125 9 P ] BE. Song 251 FHRHIBE S 88 vk /AT T M 2385 26 J2 /K L B /K MCs IR 8 9 78
b, G5 R RZ KA MCs Ja e M T K. mdR I e OB (s 0T 7 MR 5 /K & h MC-
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man, Brentford, UK) , IR T2 3R 27K MCs (13 B2, 53 B 500 ml i 70 22 32 2K (R 4L 6 47,
2.5 LANIEERKEERERIZOKT 0~0.5 m) HZEOKE—F4b) JEJE OKIETE L 0~0.5 m) BI7KHE, i
AIEECT Lyl )s T IR A 7K MCs #e i, 53500 ml H T W8 & /K R Ak dm. B8 AR e
FRAE 6 5 AR TR ARAREE AR 4R 4 AT, 2% Song 451" X b B /K M SRAE 7 ¥, 126 9L
50 ml £ S 2 H 4 AR TR RERZLL F 0~ 10 em &b FAT/KIBA)EHC L L a5 HH Tl E Ak MCs
WREE, 53500 ml TN E A K R BRALSE b, AERED SAZ B 1 ARAE TR 1 em DIFREARRITFW A 1
MR 5r# 10 J2 IR 575 B4 M 5050 %, 76 - 80°C 2514 R R R - AE , Al T UL MCs T B0 2. Fo AR
6 A EALHY 3 ARAEFRIH 10 em YIFF DI 2 10 em B RTIARY) , 1R &) J5 2 4800 M S0 00 2%, 7R #5001
(ThermoFisher, Heraeus, Multifuge, X1R)4°C 4544 T L4 1200 %%/min 2.0 25 min £33 [A] BRK , 4 GF/C JEHE
S uEJE , DIE R BR/K MCs #e 3, 55 B 200 ml FH 0 2 (] Btk (R BRAL F6 5.
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Fig.1 Distribution of sampling sites in Meiliang Bay of Lake Taihu

1.3 HEmAESNE

1.3.1 KK RIARHE AR E  ZSHOKTL(YSI 6600 V2) BLZ M E R ZK | FHEK ARG KK
ik (Temp) EH(DO) (FRESE (pH) |, JB 1135 B B 8000 5 45 S ALK AAGE BT (SD) 5 3 BN & B 3Rk
ALY TP TR E R LA B T BK T BTN LGB (TP ) LRSS A (NOS-N) (S A (NOS-N) |
B (NHL-N) BERAR (POY -P) (4¢3 a(Chla) (RIBUKERSE) AR ERAE 50 (COD,, ) . TR 4%
JERET IV e S (STN) et Sl (STP ) 43 531 R FH 2P (it L [ St 0 R B i — v SR T 7 W 4 K 1L
I E . MR KA S TR B AL A R LR 1.

1.3.2 Atk i A MCs i 5 % JEJE A/KRERE Su 2517 (07 s ab F. K1 1 L 3o 985 /KB LL 1 ml/min f
FERZIEALITH) 0.2 ¢ HLB &8 ( Oasis©, Waters, Milford, MA, USA) , SXJ5¥4: 7 15 ml 5% f) F s
WIRDE , 2BR 2% 5T, B 5 F5 10 ml 100% fi% FE Pt i e ot , P 3 308 A AC 8 O 0 AR I WA 4 1 ok IS 8 FH R0k AL
(EYELA, MG-2200) Wk T, 5% & ¥ F 100% HH [ it , 5 A I 79 F 028 850 MR 46 {L (EYELA, Centrifugal ,



B HERE  RPERBEREBRRH T HREEET ST EG A A 979

Evaporator, CVE-2000) ¥4 , & Jo ¥ W 4 Jo B 5% B8 W) 2 1 MeZRTE KR S TR B 5
J1500 pl 100% FP EEVAA: , 7300 Tab.1 Physical and chemical indexes in Meiliang Bay
1.3.3 U4 & MCs #y & & B IRIAFRIRES U, AR i S
TE-50°C 5 AR E@%\?JF@%EEEZE&H Temp/C. 27 50 7 022812
BB R AU VR T8 J5 IR, IF B BREE &b i iy 2k DO/(me/LL) 828 5 80044
PIBRARSEZ: 00 IR A1 IO 174 fE N BB AL, 255 pH 8.85 8.42~9.08
RN T 200 HIC 06 5, 647 T R L SD/m 0.23 0.20~0.25
PRI SIS TR RER: Chen 251 fy J7 W A0 T, BRI TN/ (mg/LL) 3.75 1.08~10.36
2 g PRI SO ml B0 45, I 25 ml 0.1 mol/L ED- TP/ (mg/L) 0.22 0.05~0.68
TA-0.1 mol/L Nay P, 0. ( pH {H il = Ji 2 B3 45 % 3) NO%—N/(mg/L) 0.0069 0.0032~0.016
i’t_’-fﬁlo mmﬁkié Y‘i;4°C 10000 Ei/min %%#T%ib zgzij E:‘lz B 0007827 00-?6198::'3 128
15 min JE AR LR 1 ml BRAGWIR LHTROF por /(1) 0.0071 0.0033 ~0.017
MR E 100 ml FERfh A IR APER 3 1k, 3 k15 F Chl.a/(pg/L) 51.61 7.49~167.89
Y LI MCs 32 IR 42 75 124 R KR CODy,/(mg/L) 15.30 3.30~54.40
1.3.4 MCs B9 2 FHHB i A0 AH o 3 SR 16 = F DU 2% STN/ (mg/g) 1.85 1.37~2.39
FFETEIL (UPLC-MS/MS) I & MCs. #ishtH R 0.1% STP/(mg/g) 0.31 0.22~0.44

O T T R LT T T A R —————
min,75% A;4.0~4.1 min,55% A;4.1~7.0 min,75%

A, RN 0.5 ml/min, gEEEE R 10 pl. @754 A Acquity UPLC BEH C18 column( 100 mm X 1 mm, 1.7 um).
Jitk R FAE B T3, 2857 RN A ( MRM) #5558 TR RS 150°C , 25 i J& 5500 V, ZZ kil & 450C
FALSER 55 kPa. [#{& MC-LR \MC-RR FI MC-YR ¥%§ T 100% H BL)5 F T ERR T (£ 2) , LG R
0.1~500 wg/L,MC-LR \MC-RR MC-YR ¥ J5ifuf kb 43591 4 995.6.519.9 ,1045.5.

# 2 MC-LR \MC-RR \MC-YR {5 1 28 n 15 5 it
Tab.2 Standard curve regression equations of MC-LR, MC-RR and MC-YR

ats ol i £ 9 7 LEESEY
MC-LR y= 7.18579x—6.15287 0.9927
MC-RR y= 26.7408x—25.1654 0.9928
MC-YR y= 4.92156x—4.10474 0.9929

1.4 Gt
iz J] Excel 2013 #1 SPSS 20.0 F VA SC WK HEAT ST AR T 5 BE4h R ArcGIS 10.3 £ 1F
LRI R AL AL B P, AR R 347y Origin 2017 (22

2 HEREHM

2.1 7kf&cch MCs 43 F4F1E

MFZ 5 42 227K 1 MC-LR \MC-RR \MC-YR (3 & 43 3] g 76.47+76.05 (EI{H b2, FH) . 14.25+
14.52 6.63+3.44 ng/L, -7k "t MC-LR \MC-RR \MC-YR [J¥& 4> 34 26.63+£7.97 3.88+1.18 .2.94+1.31
ng/L B4 7K MC-LR \MC-RR \MC-YR [ 5 43 51| K 52.99+42.07 ,7.28+5.84 .5.93+2.79 ng/L, [a] g7k h
MC-LR MC-RR MC-YR [ BE 451y 483.88+422.21 351.25+264.17 .85.83+54.29 ng/L( &l 2). M4 Hi
% ,5" 547 MCs A (MC-LR \MC-RR \MC-YR 3k J& 2 1) 76 3 2K . EAK RS K AR ] ok h
TN

iR IZK L EAEK UL SGR G 7K H MC-LR (93 B 3455 T MC-RR Fil MC-YR,MC-RR I MC-YR 2 Ji] 2%
SN, T AIBR K H MCs —F A A4 B2 R/ INIBUF 2 : MC-LR>MC-RR>MC-YR. AT B 4370 L&, 45 M [A]
PstsK it MC-LR MC-RR MC-YR [k JE 3485 TR 2K B BK L BRAR A 7K, HIE 5 B R IZ K 6,25 13
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%, EBDK 39 91,29 %, IBG/KIN 9.48 14 i, 3R)27K MCs St ik B T EAIK , H MC-LR \MC-RR
MC-YR B{EI3 53R 2K 3.4 2 4% IR G 7K MCs S RHR B A TR )2 /KR BB Z 1)
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Fig.2 The changes of MCs concentration in water of Meiliang Bay

2.2 AR rh MCs £ Fr4F1E

HEZRVE BT o MC-LR AU 1~ 10 em 432 3 Re R ), B & w8 , KMl 26.95 ng/g, fix
/MBS 0.60 ng/g, MC-RR 851K, SRIEH AN 0~0.9 ng/g, 16 6 D EA TR 1~10 em 432 PR RA
i, Ak 70% ;s MC-YR & 7w F ol 0~8.10 ng/g AUAE 191 3° S AL TIRMA 9~ 10 em VR ALABIAG I, 46 1
A 92% , YURRH T MCs = Fh AR PR LEASRIER B P34 & i K/ INIUT g : MC-LR>MC-YR>MC-RR ([ 3).

MIEE 5 F ,MC-RR & 3% HASE A, T MC-LR I MC-YR & £ S At 35y i 25 DT B IR BE 1Y
WA 1 THE T RE(S" SAIBRSE) . Horf 17 AR 27 g MC-LR Fl MC-YR & 43 57 3 A1 4 em &b H IR K
{H, SRJGTE 4~6 om BEEUR FRES — BAL FHRARIRE ;37 AL MC-LR Rl MC-YR &5 7E 2 om A IR (H 48
JATE 2~5 em BORGE R R, FIAY 5~ 10 em B i ib FHAKKF ;47 547 MC-LR Al MC-YR & HEAE 5 em bt B
KA SRIGAE 5~8 em BERGE T[4, 25 8~10 em BE & A THARAKF- 55 A7 MC-LR #1 MC-YR & /& 2
1~3 em BLEH T P2 5 — B AL TR S B0k A ;6" s 7 MC-LR 1 MC-YR & Bt HAT — @ P shift , MC-LR & & 75
4 F16 cm AbH B 2 A KAE,MC-YR & 107E 3 F1 6 em ZbH B 2 A K(E, 485 MC-LR Fl MC-YR & 7E 6 cm
SETFUE R 7 10 em ZbE MC-LR &5 4 ng/g, MC-YR & i AL ALK (18 3).
2.3 KiER TR MCs I EBE T

MRS 2K L L RK AR A K MCs = R0 SRR & LSRR, o MC-LR \MC-RR \MC-YR {4
FE A FEL 330 77% ~80% Fl 11% ~ 15% 7% ~10% s i [ Bk Ff MC-LR () 5 [L3si/h Ay 53% , MC-RR (19 5 L3
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Fig.3 The vertical changes of MCs content in sediments of each site in Meiliang Bay

Jin#] 38% ,MC-YR 5L AR K, AU 9% (E 4).

MEZEUILEY) MC-LR 78 MCs T B4 A3 0 5 AR R, B KA R 77% , e/ IME R 66% , FJZ 1~2 em Ab
5 L (74.5% ) KT 9~10 em 20 (66.5% ) s MC-RR 7ERJZ 1~2 em &b 5 AN Ry 3% |, 1 Bl 25 VR 2 B 384 o5
A BT BT 7E 9~10 em A8 TNE] 13% ;MC-YR 7F MCs T EL 43 7 A7 LU AR AR/ SRR TE o 18% ~26%
HAERZE 1~2 em 4009 &7 U T 9~10 em AL (& 5).

2.4 KR TIY R MCs EREBRFHXR

MCs FE KPR B Ut R P 10 2 1 B0 52 30 7 3 e 20 g e (R R i 1 o 1] 3 52 38 LAt A= W Al AR W 3R 85
KPR, N4 2 a BB E SRS, KKK DL R DU Y MCs 5855 F 117 Pearson #5614
AHT, GEHETT A F2 27K R MC-LR \MCs 5 TP . Chl.a ,COD,, 35 i 2 1F A 5¢ (P<0.05) | i 5 TN 45 HAL R4 A
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AT /%
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N FAXSF /%
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Fig.4 Relative abundance of three MC congeners Fig.5 Relative abundance of three MC congeners
(LR, RR and YR) in water of Meiliang Bay (LR, RR and YR) in sediment of Meiliang Bay

T TC AN, MC-RR MC-YR 5 F 4347 1O 3R B2 (R T4 00 1 38 M1 560k 5 1Bk MC-LR MCs 5 TN TP
BB EAIXE(P<0.05) 1 5 Chla,COD,,, % HoAl 3RH8 I -4 6 i A1 961 , I 4h , MC-RR \MC-YR 53f
BT J0 i 5 M5 1A /K i MC-LR \MC-RR MCs 5 TP Chl.a,COD,, ¥ & i 3 IF #1356 (P<0.05) , i 55 TN
A8 LA TR DR T340 0 53 M e, MC-YR 5 97 4347 1 5 B2 181 34 T i 6 A1 5 1 K o MC-LR  MC-RR
MC-YR MCs 5 TN TP 3 BA7 i 5 TEA 6k (P<0.05) , 1l 15 COD,, % Hofly BRHE 08 i 3540 26k ( 35 3).
Hi 72 4 071, B MC-LR MC-YR \MCs % 15 STN STP ¥ i £ 52 3 IE 156 (P<0.01) , i MC-RR 5
STN STP ¥t 8 22 7] 9 G 5 35 4 DG A

%3 PR KA MCs 5 EREE P FIHIE 547

Tab.3 The correlation between MCs and environmental factors in water of Meiliang Bay

KAk 24 5] TN NH;-N NO3-N NO;-N TP PO} -P Chl.a CODy,
FEK LR 0.680 -0.048 0.373 0.648 0.891* -0.204 0.865* 0.897 *
RR 0.557 -0.110 0.516 0.731 0.796 -0.196 0.763 0.736

YR 0.461 -0.056 0.238 0.555 0.715 0.202 0.719 0.656

MCs 0.658 -0.058 0.393 0.662 0.876 * -0.190 0.850* 0.837*

[- 7Kk LR 0.935 ** -0.237 0.081 0.176 0.916* 0.258 0.710 0.542
RR 0.502 -0.120 -0.480 -0.469 0.448 0.158 0.164 0.376
YR 0.537 0.285 -0.189 0.152 0.773 0.413 0.517 -0.199

MCs 0.915* -0.173 -0.017 0.110 0.925 ** 0.291 0.683 0.471

RAK LR 0.706 -0.075 0.385 0.628 0.914* 0.515 0.872* 0.866*
RR 0.636 0.144 0.187 0.536 0.872* 0.700 0.871* 0.843*

YR 0.412 0.317 -0.213 0.195 0.678 0.787 0.681 0.575

MCs 0.691 -0.029 0.334 0.602 0.908 * 0.559 0.873 " 0.859*

(i) 7K LR 0.895 0.587 0.540 0.801 0.935 ** 0.159 — 0.174
RR 0.952 " 0.677 0.417 0.741 0.972* 0.288 — 0.283

YR 0.925* 0.614 0.444 0.706 0.987 ** 0.200 - 0.259

MCs 0.925 ** 0.626 0.493 0.779 0.959 ** 0.210 — 0.221

1)MCs Jy MC-LR MC-RR MC-YR = F VRS Z A ; + FR/RTE 0.05 7K b 5 AR OC (UN) 5 ¢ F/RTE 0.01 K I b A
KM .
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R A4 MR UIUR T MCs 5 STN STP & BRI
Tab.4 Correlations of STN, STP and MCs content in sediment of Meiliang Bay

STN STP
MC-LR 0.468 ** 0.578 "
MC-RR 0.118 0.089
MC-YR 0.521* 0.570 **
MCs 0.485* 0.580 "

1)MCs 3 MC-LR \MC-RR \MC-YR =¥k Z Fl; * F2/R84E 0.05 7K | 5 2 AH 56 (UM 5+ F2R7E 0.01 K- B
e (R .

3 itip

3.1 KK R TR th MCs T B 4 Fa 44 4 47

ABRGE S B, MEGVE A MCs ¥ B T 1123 () A0 L B — 2 1 25 S, 27K MCs St Pk i
VAW v TAR L AU K M B L 3X 15 Song 251 AE 2005 — 2006 45 XA 4 15 A 45 Y 9 28 SRR (H 5
LA A 2000 AF XS RN RO PR AR A 28 R OR — B, HE DT R S W IX A 56, Arnold 25 Xk
T PG 5 AR FS 22 BR300 T /NGt K A v 4% o 5 75 4 2 e 3 TR B AR F . A2 15 45 )
AT, KGRI N T Rl KR G T AT 2 B2 . b, 8 30 i, 2 22K P (o3 8 400 M i et 25 T 1
HOKY WA LE B B R 2 ) MCs ELUTRUW) LB rh i R i v T3 2K gl -k b
MCs gt , 53 P A 2 AR ST /K Mk rh MCss ViR 38 8 235 (1) 43 A 25 S P A o — T 22 B P

T T S T I B PR e 2, A o R0 20 A 3 0 A R0 L R U A SR R R L K R R
39, B R R UTHE AR , 7 AR 2 T BE S B &0 BT R B RN, OB P A e
WS PR S5 Z KRR P R IR (65% ~85% ) Itk e 3 SE T 40, SBORCH Y MCs A 3 40 i
B, BEAh , BT MCs N 5K PR 5, OB X L B Ak e 22 , A R 1) 20% 19 MCs RS 4 TR
BFC ) DRI S R i DR 9 MICs R 38 230 0 i B 2 P B A v, S D Bt /K v MCs S5 1 e 8 A v 1 2 88 it
DRl ARHIFSE R B, 57 1 0 MCss Bk 38 77 45 J2 K Ak b 2 2 B0 g 85 , 465 4 R PR BV i 4 B, 7 s 437 30T o St
B, B0 N3 3l T 30 X3 N KR & B FR AR # 7™ 5, R )Z KK Chla ¥ X3 T 167.89
pe/ L, W5 K AR TE I R A | I JR5 S0k e R A () R A MCs.

YU MCs 3252 i ORI T BE AL P MCss LA R 0 AR 0% B /K K e o e 2 MCs 2. il 1~ 15
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B A R S DR Ay TR R BT U pH RIS A HLT A LA R B ) i R
MR B MCs £ 238 R 2, 24 UTRI A TR pH AL, WUR X MCs BRI RE J138. % T WS AN
BRI R R, Wu S5 BRSBTS TR A WL e i TR K, B
FGEXT MCs DB, B0 A B b ies | W BRI 3 B . 4545 BT AT ARE v LR A B 5 1 8 s 2
AL AR TR pH R 24 B 5 TR B0 0 T A8, T 286 B 0 S b5 22 AL TR I B AR A % B
MCs FIfE 1 B2 ORI TR BE O IR T AR 55 (ELs 45 BSR4 H7 Al 2, LR B MCss By B, PRI AR
MCs W B E 97 (078 55 175 LR 2 XU RU h MCs k7 A a3k 1 75 £k
3.2 KK RTARY th MCs #a3t £ BE 24K 4347

ABFFE KR BB H MCs L MC-LR g 3,3% 5 Su 2817 (BT 45 9 ik — B0, 3 T RE Ry A i
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MC-RR ZEJeAE P B i 3R AR T MC-LR, SECA A7 A RI MC-RR A& 584 i1, 3 7T B o 2 (el ok MC-
RR 5 b b TR PR 22— A5 el Bk MCs B H38 500, R TRk i MCs #9722 2 D) T B e AL LB A
AT, MC-RR ZEVTRMW) 9~ 10 em &b (5 HA BT, EEH Jy MC-LR Al MC-YR & /b, il MC-
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