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Seasonal and-Spatial Variations of Microcystins and Their Relationships with
Physiochemical and Biological Factors.in Poyang Lake

YUAN Lisjuan”, LIAO Qie-gen', ZHANG Li', ZHANG Da-wen'", LUO Lin-guang', LIU Ju-tao’

(1. Institite for Quality & Safety and Standards of Agricultural Products Research, Jiangxi Academy of Agricultural Sciences,
Nanchang 330200, China; 2. Jiangxi Provincial Institute of Water Sciences, Nanchang 330029, China)

Abstract: Poyang Lake is the largest freshwater lake in China and an important drinking water source for Jiangxi Province. Since the
year 2000, toxic cyanobacteria have been observed frequently in Poyang Lake. In this study, water samples were collected in the lake
quarterly (April 2012, August 2012, October 2012, and January 2013 ) to examine the spatial and seasonal variations in the
concentrations of microcystins (MCs; MC-RR, -YR, and -LR) and their relationships with physiochemical and biological factors. MCs
were determined by ultra-high-performance liquid chromatography-electrospray ionization tandem triple quadrupole/mass spectrometry
(UPLC-MS/MS). MC-RR (accounting for 75.01% and 71.34% of intracellular MC (IMC) and extracellular MC ( EMC)
concentrations, respectively) was the most dominant variant in Poyang Lake, followed by MC-LR ( accounting for 21.95% and
24.97% of IMC and EMC concentrations, respectively) , while MC-YR was detected in low concentrations ( accounting for 3. 01% and
3.69% of IMC and EMC concentrations, respectively). Total MC concentrations (IMC + EMC, TMC) ranged from 0. 49 to 3 517. 85
ng-L~", with an average of 337.43 ng-L~" and only 2.53% (2 out of 79 water samples) of the water samples contained MCs
concentrations exceeding the drinking water guideline level of 1 ng-L~" for MC-LR proposed by World Health Organization ( WHO).
IMC concentrations showed significant relationships with Microcystis biomass (r =0.47, P <0.01), Oscillatoria biomass (r =0.68, P
<0.01), Cyanobacteria biomass (r=0.56, P <0.01), and Chl-a (r=0.28, P <0.01), but no significant correlation was found
between intracellular MC concentration and Anabena biomass (P >0.05), suggesting that Microcystis and Oscillatoria might be the
main MCs-producing cyanobacteria in Poyang Lake. In addition, IMC concentrations were positively correlated with water temperature

(r=0.51, P<0.01), transparence (r=0.69, P<0.01), Fe (r=0.43, P<0.01), and Zn contents (r=0.43, P<0.01), and
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negatively correlated with TN (r= -0.44, P<0.01), TP (r=-0.29, P<0.01), NH;-N (r= -0.33, P<0.05), NO, -N (r=
-0.28, P<0.05), Ca (r=-0.34, P<0.01), and Mg(r= -0.35, P<0.05), while no significant correlations were observed
between IMC concentrations and pH, PO} -P, NO; -N, electrical conductivity, permanganate index, and Cu content (P >0.05).
These results indicated that light intensity (represented by transparence) , nitrogen, phosphorus, and water temperature might be the
regulating factors of MCs production in Poyang Lake and trace elements (Fe, Zn, Ca, and Mg) can influence the MC production to a
certain extent. IMCs and EMCs exhibited similar seasonal variations in Poyang Lake. The highest values of IMCs (531.87 ng-L™")
and EMCs (232.44 ng-L.™") were observed in summer. The concentrations of IMCs and EMCs in autumn were 31.97 ng-L™" and
6.49 ng-L™", respectively. Low concentrations were observed in spring (0.55 ng-L™" and 0.88 ng-L™' of IMCs and EMCs,
respectively) and winter (0.69 ng-L ™" and 4. 14 ng-L~" of IMCs and EMCs, respectively). The highest IMCs and EMCs values of
Poyang Lake in summer were 2298. 08 ng-L ™' and 1219.77 ng:L™", respectively, and the lowest values were 92.53 ng-L ™" and
38.80 ng-L7",

and its outlet were higher than those in other regions. However, the spatial distributions of EMCs in Poyang Lake were different from

respectively. Overall, the concentrations of IMCs in eastern bays, the vicinity of Songmen Mountain, Banghu Lake,

those of IMCs. EMCs concentrations in the vicinity of Songmen Mountain, Banghu Lake, and its outlet were higher than those in other
regions.

Key words : microcystins ; intracellular microcystins ; extracellular microcystins; Poyang Lake; seasonal variations; spatial distributions
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Table 1  Physico-chemical and biological parameters
in Poyang Lake during the study period
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AR R ER R/ mg - L 1.43 6. 06 2.61
TN/mg-1~! 0.48 3.02 1.30
TP/mg-L " 0. 02 0.48 0.08
PO}~ -P/mg-1.7! 0.01 0.08 0.03
NO,; -N/mg-L~! 0. 00 0.14 0.02
NO; -N/mg-L"! 0.22 1.28 0.69
NH; -N/mg-L~! 0.00 2.15 0.24
Chl-a/pg-L~" 0. 69 20. 89 6.31
gAY R/ mg- 17! 0. 00 4.40 0.79
fa i LY/ meg- L ! 0. 00 3.51 0.55
Wi A ) e/ mg - 1L ! 0. 00 3.57 0.35
Y /mg 1! 0. 00 6.53 1785
Ca/mg-L~" 2.57 297184~ oo, 50
Cu/pg-L~"! 0.38 4:89 0% /2l17
Fe/pg-L~! 34.19 20413/ 141.33
Mg/mg-L""! | 0.55 441, },31.7'2
gl J 0 ] B 77.99 4 22.56 4
i ..-'”
pg L7, ’ ~_I i g B
2.3 BB E A Sk S

Eh Ml Bk BT 100 4 B R
1 o CMCRR | MC-YR il MC-LR S 11 480K 7
HRCE LI 3 B BTSRRI, Rk R
MCs (14 2H K 20 B A5 0 9 (A o 2 R R 5 A
X, [ AS[] H gk A sh MCs R RP 2 4l A7 A 22
SO FEARBFIE T, TG S I PN A R A
MC-RR ff 5 bt ] ¥ &% 5 (IMC-RR (5 75.04% ,
EMC-RR § 71.34% ), H.IKJ& MC-LR (IMC-LR /i
21.95% , EMC-LR /5 24.97% ), MC-YR fif (4 Lt 4]
B ik (IMC-YR HI EMC-YR 43 % & 3.01% #I
3.69% ) (K 2), X5 E AR ES | Bk
Hartbeesporrt Dam 7K ™' K 1'%’ | Oneida ]
AR TR T A R —8, HS MR
Swartspruit YA 0| HLI51 F1 Mozambican #7 Hf
IS RAFE2E S, TEXEERIRS ) MC-LR J& i B2
R R,

HEPHWKEE T MCs BRI BEAKF LER 2. A
HET g, ERBHIA 4 S FEE IMCs B9 YI{E R 235. 21
ng-L~", EMCs 9315 # 103. 53 ng-L~", HF ik
JETE BBl 43 91 R 0.00 ~2298.08 ng-L~" F1 0.00 ~
1219.77 ng-L~", MMiZKA: i i 98 95 2 % 8 (IMCs
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i

B 39 %

[ MC-RR MC-YR M MC-LR

(a) IMCs

CRRR Y

CRRRLIAR N RULRLG "
R S ELLOE B

A R AR AR
SRR -
SRR
SURROURRRRYY : .

21.95%

SR

3.01%

75.04%

(b) EMCs

I

3.69%

71.34%

& 2 mﬁﬂ*%*ﬂ’ﬂiiﬁ%ﬁ%%ﬁ%ﬁﬁi
l:lcr 2 Percentage that each variant contrlbut&ﬂ to ‘the total

mlcrn('ystms conccrltrahon in water (olumn oiJ Poyamﬂr Lake!

4
+EMCS;,TMCS)L’J{E7@ 337.43 ngtl ™', al%]jw
0.49 ~3/517.85 ng-L ™" EEIV\J%EEK{ZIWPM%%

2 JL KSR LY, 760 BH T80 T 3 e 75 28 175 e b
TR K. B BH WA TS 8 5 R 075 Jok-F e T
JEH Y 18 AMHIIA (5 ~400 ng- L") b3S Y Erie
WV (ND ~1900 ng-L™~") , {EAIR T3 [ A A it i
MWIEHEE (ND ~ 44 500 ng-L™") . BT EE R Los
Padres #H17H (220 ~ 14 960 ng-L~") . £ (280 ~
8860 ng-L~") | £ HHAY Egirdir i (2 900 ~ 13 500
ng-L~") UK (147 ~30 992 ng-L.7') %7,

h T AR MCs X A A BRI TR U, TS T2

AP (WHO) KK MC-LR 1% B &R
1 gL' FEARBFZE o, MG A WS T/

L MC-RR ., MC-YR 1 MC-LR (%> 5(3E #) 2|
4 MC-RR H1 MC-YR )it 2 v B e ¥y A5 1) MC-
LR(MC-LReq). TEFFA 7-HTHY 79 D/KFES Y, A2
AIKAEE A TMC-LReq Ji &4 B WHO FILE 19
LAMEAE, b il 2.53%.

®2 HEMAEPHMEZERAE /ng-L!

Table 2 Microcystins levels in water column of Poyang Lake/ng-L ~!

WiH Rbr  ME BOKE SFEHIE
IMC-RR  0.00 1789.70 176. 50
IMC-YR  0.00 74.57 7.08
MR
IMC-LR  0.00 455. 66 51.63
IMCs 0.00  2298.08 235.21
EMC-RR  0.00 816.90 73. 86
EMC-YR  0.00 44.35 3.82
Mushag s
EMC-LR  0.00 358.52 25.85
EMCs 0.00 1219.77 103.53
MIPy + MISMEEZE TMCs 0.49  3517.85 337.43
1)IMCs I B ; EMCs iBSM8E%; TMCs MINEER + MR

2.4 WHENRETER S A MM AL 7 Z B

CA PR RV, AR MCs 19
W AP R | B, A OB e
FEARTITE R, BFS0/INIE BRI & IL T e i
BN A6 U T 3 R U T 11 7 R W E, MEs Al
EMCs 54 Y%CEWJEUMC@ Hr=0.47, P,<0 0l
EMCsjilr—O 35, P£0.01) . m{;@%—’( IMEs Ay
r=0.56, P <0. 01, EMCs W r =0.46 P <0, 01)
B 1 IMeE 1=0468, P <0.01; EMGs H 1
=064, P £0.01) 1 Chlia (IMCs % r £ 028, P
0.01; EMCs 9 r =0.23, P <0.01) Z il fl47 G5
EAEER S (LG fo Ry 2 A ) B
S RIRFR (P >0.05) L3 37 0 Y ol 38 o o 2
FBPHIE MCs 1Y =2 27~ 52 35628, 1 40 JI 3555 5 PH 181
MCs FyDTHREL D, 3X LTﬁE%m?ﬁﬁﬁﬁﬁﬂ@ﬂ%ﬁiﬁ
wl‘:ﬁé’ﬁféﬁl%a‘z

ARFTJRAL, SR R =82 — RPN A
1&!%9@/\m’ﬁﬁﬁ, B, BFRER KCHE T (K
W o) KR, B pH &P fEARHF
i, AR 5 A PR B TS bR 2 1] 1 AR O
KR 4 FrR, IMCs F1 EMCs ¥ 5 7K i
(IMCs Hr=0.51, P<0.01; EMCs § r=0.48, P
<0.01) FE W E (IMCs N r =0.69, P <0.01;
EMCs  r=0.62, P <0.01) 2 [a] 5 P & 2 i 1E 41
FXEHR, HTN(IMCs N r=-0.44, P <0.01;
EMCs Hr=-0.35, P<0.01), TP(IMCs H r =
-0.29, P<0.01; EMCs Hr=-0.29, P<0.01) .
NO,; -N(IMCs H r= -0.28, P<0.05; EMCs N r =
-0.22, P<0.05) . NH;-N(IMCs K r= -0.33, P
<0.05; EMCs A r=-0.29, P<0.05) &8 B EH
FAHSCE R, (H5 pH, PO; -P, NO; -N| HI 3%
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PR IR R PR B Z W A WE WA R R (P >
0.05). baRgFA LM, Jlo s BE (& B BE et ) |
S WL Kl A R B W) R e i B R A
PRI, 3 ST | TR SRR i B oY
R —EL XL I R BUA . BERUK IR X
BRHRNEREIEFHEEAMEN. A5 e

BH I S0 i 2 2 5 Ul 1) 7R S R T RS Hh T
FRER I R AR R PR R AE T BT E, R R B BH T S K
7K e K TG KA (2012 4F 8 85 BH 1 & 7
SR KA 18,36 m, 1 1 F BYF- KA 8. 93
m, B AR r R 2 e 760 B T8 0 9 3 e X0 0 7

FEul).

®3 BESHBERSESEVEFZEEXXERY (n=79)

Table 3 Correlation analysis between MCs concentrations and biological parameters in Poyang Lake(n =79)

et IMC-RR IMC-YR IMC-LR IMCs EMC-RR ~ EMC-YR  EMC-LR EMCs TMCs
e 0.45" 0.48" 0.48" 0.47" 0.35" 0.36" 0.32" 0.35" 0.44"
i [l 0.03 0.02 0.05 0.03 -0.04 ~0.04 -0.01 -0.03 0.02
B 0.68° 0.53" 0.64" 0.68" 0.61" 0.65" 0.70" 0.64" 0.68"
[ 0.55" 0.51" 0.56" 0.56" 0.44" 0.46" 0.46" 0.46" 0.54"
Chl-a 0.26" 0.28" 0.35" 0.28" 0.18 0.23" 0.23" 0.23" 0.27"
1) * #5 P<0.01; * %5 P<0.05, F
x4 HIABRERSESHREULZEEXXR(n=79)

Table 4  Correlation analysis between MCs concentrations and physicochemical parameters in Poyang Lake(n =79) )
i IMC-RR IMC-YR IMC-LR IMCs EMC-RR EMC-YR EMC-LR EMCs, e -"T"Mcs_
pH ~0.04 -0.09 -0.05 -0.05 0.21 0. 17 ' 0.21 0.2 0.0
BEWIRE 0.69" 0.65" 0.66 " T0.69" 0.63" 0.59 et | 0.567 0.62* /0687
K il 0.50" 0.48" 0.49*  140.51" 0.49" 0,487 0143 0.48° @S
H R -0.17 -0.19 -0.17  _ -0.17 -0.07 -0 11" 10.11 -0.09 4015, |
N ~0.43" ~0.45" Lofaas [ -0.44®  -0.36° 0374 203N —036t | j-pd3
TP -0.29" —0.28"  [-00277 | “-029. -0.28" L0277  &o.25° -0.29" 7 “gm29*
PR 014 —0.12 20,009 S A T0d5 027 L0 et S0 —0.23 —0.07)
PO/ -p Aohd —020 -6/ ¢ 022 ~0.21 -0/20 26.18' ~0.20 . =022 7
NO; N —0/29%  —0.25% " _Q2s " 8% -0 0.1 L-0.23%  -0.22" . -0.27"
NO; -N ~ 018 0.13 0.4/ o7 0.24% [ 0;@ 0.10 0.2 o184
NN 0330 -0t -0 | Pt ot l-aissl o267l —0.20° —0.48"

@ ] ‘

mﬁﬂﬁw%ﬂwﬂzf@ﬁ?m” , HEA MWFIEUESE,
XL i o R AR R G s R e
A L33 AR, IMCs F1 EMCs 275 Fe(IMCs
Hr=0.43, P<0.01; EMCs Hr=0.47, P <0.01)
Zn(IMCs }r=0.43, P <0.01; EMCs & r=0.50, P
<0.01) ZIAfFFE B EMIEM KR (ES), 5 Ca
(IMCs N r=-0.34, P<0.01; EMCs N r= -0.25,
P <0.01) 1 Mg(IMCs & r = —=0.35, P <0.05; EMCs
Fr=-0.32, P<0.05) Z[EFF7E 35 1Y 7 AH G OC
R, 05 Cu ZH T EMMHICKR(P>0.05), X

MIEH Ca, Fe| Mg, Cu, Zn %ﬁ%&%iﬂ“

KHEJEE T Ca, Mg, Fe, Zn £ —E 2% ERER N
AEBERER A E, MEERT RS Ca M Mg T2
) A 7 RF DG OG22 AT RE 2 Fh IR e i 3 288 J P AR T 76
AR Z R R AR AR BT 2, X5 Graham
A5 PUAE Missouri /KR IUES SR —2, MATZEDIST &
I, Missouri /KPEHHRERTER S Ca Fl Mg 5 Z[H]
EHREWAAKER. FN, FNIRER DR,
PR e FE BT | 6 5 O B MR FEE 1y e 444 o 2
A, CA AR R, Fe il IR BEEN
B, T Cu Fl Zn F 2@ i 0 P i i R A KB
FH N I I S M A B g R A 50

R5 HAMMERESESEREFZABEXXE(=T9)
Table 5  Correlation analysis between MCs concentrations and metal elements concentrations in Poyang Lake(n =79)
izt IMC-RR IMC-YR IMC-LR IMCs EMC-RR EMC-YR EMC-LR EMCs TMCs
Ca -0.34" -0.33" -0.33" -0.34" -0.24 -0.28" -0.26™ -0.25" -0.32"
Cu 0.17 0.19 0.15 0.17 0.19 0.15 0.16 0.18 0.18
Fe 0.43" 0.43* 0.39" 0.43* 0.49* 0.46" 0.39" 0.47* 0.46"
Mg -0.35" -0.32" -0.32" -0.35" -0.31" -0.34" -0.32" -0.32" -0.35"
Zn 0.42* 0.45" 0.42" 0.43" 0.49" 0.52" 0.47" 0.50 " 0.46 "

.“._.l'.
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