J. Lake Sci.(#ia#4+5),2018,30(1):25-33
DOI 10. 18307/2018. 0103
© 2018 by Journal of Lake Sciences

Rk ER R B KB TER K KEARH KPREESER
ST R AR R R IEM

O AT ¥ AN & i 1 F S

(1 T340 FRHERR4 B TT 9540 PR TR 56 0%, P 210036)

(2o B4 B AL WA AT 54 15 4593058 3 210008)
(3 PR R, LT 100049)

A E: KEEEFRSBONAE F BRI B4 505 i T I A9 /K PR 5 R B30, 105 35 WK AR BT s | e i IR K 22
SR IR B NMTR T2 G N T AR W /K U5 K I K K KK T T AR K i B 2 3 (MCs) iT5 e 30K, F
2014 4F 8 H WA %F DTS B K WA K T 7K R AR A I P B A MCs ok BE AT 1 2, D[R] RS I R DG 1 3
g br. BRI, KUK P MCs B BEF-3IME 0 7165.5 ng/L, L MC-LR Fl MC-RR 2 3 , V-4 i 7351 0y 3408.7 Fl
3398.8 ng/L, it MC-RR (5 5 MCs LI V-3 1B 56.1% ; i SIS R MCs e BEAHXTEAG, P-4k By 142.6 ng/ L, £
e BEAH 512.8 ng/L. KT K i N MCs (G H R BE (O3B 0.77 ng/L) FORE HATSRFPARML , LB 99.8% L)
s AN R MCs RS v BE CF-39ME R 21.71 ng/ L) FR: B S AR R 48 w80 , ARV BET IR B 5hm ot 1.0 ne/L, Ho &
R FEARXT AR, 1N 62.9% ~ 81.8% . Hidla 43 M1 & B, K PE7K e L Py 5 L Ah MCs ¥k B2 22 i) 522 8 2 TEAH OGP MCs YR B2 5
S (TN) #eBE B 20 (NHE -N) SR BE BBl (TP ) 3 BE | R 4R IR ER TR 4 (CODy,, ) Fiih B 52 i 354156, T a4k MCs #k 55 TN
WEBE TP Y BE (CODy,, J FEFNIN 43 a YR 52 35 TEARDE 58 46 M VA 45 SR 7R, TP X il Py MCs ¥ J32 25 4k 1 fige ¢ S e v,
M4 MCs e 8 A5k 32 5P MCs #eJEARSE. JeK i ) PR FH /K Fr MCs YR B2 308 U T B T3 2 B,
AR ZAOXF A2 A B 08 S /I , A S0 IR A X A v

SRR W] DT W SROK AR B R VB IR K 22 4 K TR

Temporal microcystin dynamics of the source water and finished water in a waterworks of
Lake Taihu

FAN Yamin', JIANG Weili', LIU Baoguiz'3 , CHANG Wenjiel & WU Zhaoshi*™

(1; Jiangsu Province Key Laboratory of Environmental Engineering, Jiangsu Provincial Academy of Environmental Science
Nanjing 210036, P.R.China)

(2 State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy
of Sciences, Nanjing 210008, P.R.China)

(3: Graduate University of Chinese Academy of Sciences, Beijing 100049, P.R.China)

Abstract: Harmful cyanobacteria blooms, which are caused by water eutrophication, is still one of the serious water environment
problems encountered by the whole world. In order to estimate the current status of microcystins ( MCs) in the source water and fin-
ished water of Lake Taihu, we examined the concentrations of intracellular MC (intraMCs) and extracellular MC ( extraMCs) and
related physiochemical parameters of the source water and finished water in a waterworks in August 2014. Our results showed that
the mean concentration of intraMCs in the source water was 7165.5 ng/L, dominated by MC-LR and MC-RR, with the mean con-
centration of 3408.7 and 3398.8 ng/L, respectively, and MC-RR accounted for 56.1% of the total MCs. The extraMCs in the

source water were still on a low level with the mean and maximum value of 142.6 and 512.8 ng/L, respectively. However, the con-
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centrations of intraMCs in finished water were relatively on a low level (mean value of 0.77 ng/L) with the removal efficiency a-
bove 99.98% . Although extraMCs in finished water were also detected on a low level (mean value of 21.71 ng/L) , the concentra-
tion and detection frequencies of extraMCs were significantly higher than those of intraMCs with removal efficiency of 62.9% —
81.8%. Data analysis showed that the significant and positive correlation was observed between concentrations of intraMCs and ex-
traMCs in source water. Meanwhile, intraMCs were significantly correlated with total nitrogen (TN) , ammonium ( NH}-N) , total
phosphorus (TP), chemical oxygen demand (CODy,,) and turbidity, while extraMCs were significantly and positively correlated
with TN, TP, COD\, , turbidity and chlorophyll-a. In addition, according to stepwise multiple linear regression analysis, TP could
explain most of the variance of intraMCs in source water, while the variations of extraMCs could be primarily explained by in-
traMCs. Finally, according to non-carcinogenic risk index, MCs in finished water presented a relative low threat to the people
there, while the risks will be higher when considering carcinogenic risk.

Keywords : Lake Taihu; Gonghu Bay; cyanobacteria blooms; microcystins; potential risk; drinking water safety; water source area
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VAL AR 4 AL BREE R 25 TR BORAR @35 AL (HPLC, Agilent 1200 series, Palo Alto, CA, USA) 434
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BREE VIR FLRE A 30% ~40% ZJiEFT 60% ~70% ) 0.05% = ZFR (15 min) , 2 J5 21515 = 5 BRI WA R
1 30:70 JR5 (5 min) , JEEEN 1 ml/min. {3846 A4 A A AR HE & I 3K T Sigma-Aldrich ( Miinchen, Germa-
ny).
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ng/L, ¥ Bl Ky 364.1~6470.4 ng/L, Hode KAE HEIE 8 H 25 H. fEJAA WA MC-YR & B, SFXE N
358 ng/L, W BV Rk 21.7~ 1356.7 ng/L( & 1a).

TEVE A ], K P HE At MCs Ve B i F AR T ML MCs ¥R B2, O 5 ML N MCs BLA AU A4 A2 AL AR, HF-
v B 2 142.6 ng/ L, R BEFE [ 11.9~512.8 ng/L. Mi5h MCs 3 Tl SAG A B 1 A fL AR AHTR] , 4 8 ] 23
H 38 3 55 KB, AT LY MCs S B S BRAY H B I, MC-LR MC-RR 1 MC-YR fF i Lo 6115351 50.9% |
36.1% 1 13.1%. ffish MC-LR (9 F- 214 5 #y 65.7 ng/L, ¥ B 5 E M 6.4 ~216.5 ng/L; MC-RR %) F- 344k Ji Hy
63.5 ng/L, ML R 1.7~262.1 ng/L; T MC-YR [ F- 359k BN 13.5 ng/L, iR h 3.2~34.2 ng/L
(/& 1b).
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Fig.1 Temporal variation of intraMCs and extraMCs concentrations of the source water
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Fig.2 Temporal variation of intraMCs and extraMCs concentrations of the finished water

HE— 2% MCs 2B R (B 3) AT 40 HT R B, KT XML Py MCs 19 22 B SRR 5 5, 3 Ff MCs SRR LA &
S MCs 1R BIE A H 99.8% LA L X fiAh MCs 1) 2B HAR X AL, MC-LR \MC-RR \MC-YR ¢ i
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Fig.3 Removal rates of total intraMCs and extraMCs by the waterworks
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AT PR ) AL SRR 1 R, [RIS 6 K JEK I P S5 A MCs e 2 A H Al B 4 s 2
£7 Spearman A5G T (3% 2) &8, MU AN [A] MCs S48 14 55 B AN [R] MCs Sy (2 [a] HAT S 540 5G4 1tk
S, I MCs #RJEE 5 TN Ye & TP ¥ CODy,, e B IR 22 18 35 IEAR G, Horp MC-YR ¥R 5 NHG-N
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Tab.1 Physiochemical parameters of the source water during the survey

TN/
(mg/L)

NHZ-N/
(mg/L)

TP/
(mg/L)

COD,,,/
(mg/L)

DO/
(mg/L)

Y
(mS/cm)

U/
NTU P

Chl.a/
(pe/L)

W

# i/ C

T 3.89+5.87  0.25£0.18  0.32£0.54 11.38+16.56 27.72+2.30 5.76£1.70 0.52+0.01 157.9£325.0 8.16£0.32 137.6+225.8

2 2 KUK MCs W 5 HoAth 200 M ST

Tab.2 Spearman’s correlation analysis between MCs concentrations and other parameters of the source water

A SILR SIRR SIYR SITMC SELR SERR SEYR SETMC
SELR 0.714 " 0.639" 0.646 ™ 0.707 ** - 0.950 " 0.921 ™ 0.986
SERR 0.736 ™ 0.643 0.657™ 0.707 ** 0.950 * - 0.871™* 0.975*
SEYR 0.782*" 0.721*" 0.825™* 0.771 ™ 0.921* 0.871* - 0.900 **

SETMC 0.696 ** 0.607 * 0.636" 0.679 ™ 0.986 * 0.975* 0.900 ** -

TN 0.675*" 0.596 " 0.536" 0.646 ™ 0.600 " 0.654 0.496 0.657*

NH;-N -0.422 -0.338 -0.522" -0.386 -0.315 —-0.449 -0.422 -0.347

TP 0.707 ** 0.632" 0.604~ 0.675* 0.621" 0.661 " 0.564" 0.675™

CODy, 0.657** 0.575* 0.571" 0.629" 0.579" 0.629" 0.521" 0.643
T 0.700 ** 0.607 * 0.600 " 0.675™* 0.793 ™ 0.786 ™ 0.704 ™ 0.825*
Chl.a 0.306 0.220 0.382 0.263 0.634 " 0.652 ™ 0.627" 0.710*

1) SI(LR ,RR YR Fl TMC) : 73 IR BEK ML A MCs # 3 R i A H1E MCs 92 ;SE(LR (RR YR FI TMC) - 43 B {3k
IR M MCs 3 TSR A FLEL MCs W5 = fR3R P<0.05, =+ {3 P<0.01; F[Al.
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RRFNASE, AR MCs SAAERME 5 Chla HBE M SR 35 U ok MCs W5 TN ¥k B TP ¥
Ji .COD,, ¥ UEE Il Chl.a ¥ BE 52 35 IE ARG, 15 NH,-N ¥R B [RIRR 2 A OC  (EOR B 2%

AUEK H R P A A N MCs 5 AP AR RG24 IR S Hr 2S5 R an sk 3 Fios , Horf, iR g MC-RR i F 25
TG H AR R . AR AT LIS H, P9 MC-LR 1L MCs AR 28 R AU TP X HoA 538 A5 i, it
AT 74.7% Fi1 56.4% ;TP FHA MC-YR X Hipy MC-YR ¥ B (5 i fie o 3, HLURIEAROG , fif % oy
SR 69.4% F119.3% . fg4h MC-LR fHPRAS Bt , (A N MC-LR g i, ffe Ry 31.4% ; 1M~k MC-RR {§([A]
AR, A 4 AR AR o TP Mgy MC-RR AR /KM MC-RR SHE IEAHSE, T H 7K g4 MC-RR
SR, RERR N 42.4% 4.1% 37.9% F1 8.1% ; JfiAh MC-YR fif F 745 i, (A Mg N MC-YR 53
BB, RN 42.2% 5 AP 5 MCs SR AR FE, IO P 8 MCs DB H T 7K M PR MCs Bl i, HL#D
RIEM KR, BRI 37.9% 1 22.4% .

# 3 KUK M A FIHIA MCs 55 oAt RAAE bR 932 40 (81 E 204528

Tab.3 Results of stepwise multiple linear regression between intraMCs and extraMCs concentrations and

other physiochemical parameters of the source water

SILR SIYR SITMC SELR SERR SEYR SETMC
TP 0.864 0.678 0.751 — 0.552 — —
SILR — — — 0.560 — — —
SIRR — — — — 0.223 — —
SIYR — — — — — 0.649 —
SITMC — — — — — — 0.587
SEYR — 0.341 — — — — —
ZIRR — — — — 0.920 — —
ZITMC — — — — — — 0.474
ZERR — — — — -0.390 — —
Adjusted R* 0.727 0.751 0.531 0.261 0.896 0.377 0.536
P <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01
VIF <3 <3 <3 <3 <3 <3 <3

#* ZICLR \RR YR Fil TMC) : 43740 H /KM MCs f 3 Fh A 7R FILE. MCs ¥ ; ZE(LR . RR YR il TMC) : 23 Hilft %
KIS MCs 9 3 Fi SR PRI MCs We i 5 Adjusted R : 181 SRR TF pesiz 2805 P<0.05 AR 6 [ VB4 2 s VIF
(variation inflation factor) : J7 22 MMIA T, 24 VIF<10 I, 6114 11 75 fik 22 1] 2 1 3648 M b RSB0 AR 47 2 B
2.4 7K Ttk Fsk sh MCs 3% B ffe2 B UG i 4

Zerb A AR, B bR T RTK MCs B3 B0 KU 5 50 635 L 5.67x107° ~2.761x 107,
PIE/IN T 1 BTRL, H K MCs e o A 2K falt B 16 ) KU 45/
3 itig

MCs B 5 9 ] PP o 72 T A P A 785 25, (S0 1900 200 5 o 25 A% 1 S B M ) A 2 TR i
I Bl R b ) L 2 K A b LA e vk B R L P MCs I, B AN A MCis 2 07 40 5, (L VR 5 e
AR Y B s DR X PR MICs 3 J35 5 (D O P 1) 2 e , 36 5 AT 48 S — 3. Il 4 S 2 R, Bl bk
TR K P MCs S0 5 O 28 b7l 85 K F- , R 3 fi 126 £ 36 22461.3 ng/ L, FLP- 39k J3E o Ak 75 45 125
IR, Su % AE 2013 47 H—2014 4F 6 3 393 ] xe A WAL 30 I g 8 5 2 B, MO P MICs 76 7 3K B ik 5
SR IR ) 10930 ng/L, TTE 8 AU (<4 pe/L) B FHE,1E 10 H UTHE 53— SR, ARTF9E & 3L,
TR UK F AN 20 JEE 7 VR £ 0 ) — B TR, B8 T B R KK AR L 19 1 e/ L, X5 7K
A A B I R — B T R 2 O N R S U A U L s M AR R ST 4 S, 76
X (L XA, MCs (9 S H BEEL BT T 1 pe/L, 2455 3 KW B 58 IR Sl A 25 31 ERUR LA 1 BF
FEAE I B MCs YRS T 1 weg/L,(HJE MC-LR ¥ BT AL TR, i7E B %k A5 b, i
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Hh MC-LR F)F- R B EL ik 3] 1.48 we/L, fem e JEE BE 28 F) 2.558 pg/L. BT, £ L Finidt , )AL 0 X oK
Hu K YK MCs 3l A 7E , JUHAE T 28 R 2, JEBE DX Ity MCs 34 J3E 2 28 46 00T i o [ 58 TR /K A v R
FE I PR 5 T, AF SCHR I 25 000388 X A A SC DX B 94 LM, 5 X MICis W] i 3 1l ) JXUIRS: R A7 A DG T
W FITIE.

SR, H ATXT MCs ARSI i R 228 v T /K Ut R HC B i 380 X T 0F 9 SR AT T R 7 8 G AR X 458
. A A R, BRI XK IR LN MCs BAT RS Y 25 BR, 22 b 3RS B9 A R K T AL & A T Y
JLPY MCs, TS MCs 25 BR3CHIRTRAR , e 3 e s . MOCHIF ST W12 AL e IR  DCTE o i A 5 %5
HK T2 P L BE RBRTR /I MCs , 3T IAME gt MCs 1) R BRAE IR, A B — 26 b 2 3ok P il 25 TR Ry 5
B A ML BRI A MCs YR TRy , 3L 7T R ABIE ST M b MCs 22 R AR X BAR (14 I R 22— UK
WK R MCs e BERAR , (EUR M MCs B9 BRI 57, AN HEBR A (< IR 11 22 5 2% 7 68 B 3 S A7
TERSV R EEPEAE T, BT LA J5 BEAE s 19 A /K b BRAHEAS 1, HE— 20 s %) MCs (< J01 5% 8 75 VRS2 40 A BIF 5.
LHEA, e R A €t 2 K BRI ST A o ) AN A 16 TR K T AR Ao ) AR E 1 MC-LR B BRAEL, 17 %
i MCs SpAa pAu B FRAE AN BEAT 9 2, i LA I e IO i o Hoft 32 28 MCs SeAR IR BB, 2E— 20 5838 T K
SR BRI

FUR, % MCs 23 0 A2 i X T AR C 2 AR (B th TATFE SRS — , S BWFFE 45 AL 25 A A
(). KA R A TR ) o T 7 R A A K B R WETE R, Y TP R TE— 2 Y LA
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