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Abstract. Lake Qilu, a typical eutrophic plateau lake, the microcystin ( MC) pollution caused by algal blooms in it will harm lake
ecosystem and increase human health risks. To assess the pollution status and health risks of MCs in Lake Qilu Basin in autumn and
winter, the surface water of Lake Qilu and seven major rivers entering the lake were sampled and analyzed, the temporal and spatial
distribution characteristics of MCs isomers were analyzed. The relationship between MCs and water quality, phytoplankton and other
environmental factors was investigated. The health risk posed by MCs was evaluated by human non-carcinogenic health risk. Our in-
vestigation results showed that MCs concentration decreased from autumn to winter. In autumn, IMCs accounted for more than
99% , and in winter, IMCs concentration was close to EMCs concentration. MC-RR and MC-LR were the main MCs isomers. The
concentration ratio of MC-RR in autumn was higher than those of MC-LR and MC-YR. MC-LR concentration in winter was the
highest. MCs was positively correlated with Microcystis density and other biological factors, and negatively correlated with TN, TP
and NH;-N nutrients. The risk index of MCs pollution in Lake Qilu ranged from 0.004 to 0.110, i.e., very low or low risk level.
The risk in winter was slightly higher than that in autumn. Further attention should be paid to the risk caused by EMCs pollution on

the south bank and IMCs release in the lake.
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Fig.1 Location of sampling sites of Lake Qilu
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ST A (COD) B (TP) A (NH,-N) LB (TN) (4% o(Chl.a) S 45H5 ™ .
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Sigma-Aldrich( =95% , Miinchen , f%[% ) ,
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TP \NH,-N 1 TN 5 i 52 BUH] S0 (0 28 S0 A1 FRAIE - 2745 | COD,, e i ( 18.1 mg/L) HYBIAERK =, fRfiK
{E(7.0 mg/L) i BUAEAF Bk Z= COD,, VIR I T4 2 25 [A] b, A H COD,,, Xk BE R T . COD
WRBEJE 17.0~74.0 mg/L, Bk Z= COD V- Mgk 52 18 T4 3 5 Bk 2 vk 2 25 (1) 23 A3 DA 180 A > A8 11 T 4 2 A
S TP R BEI 28 0 AR AE BT > 4 7 die i O 0.92 mg/ LBk %) | e fRfHA 0.03 mg/L(4&%) =5[] I
AT E > WA, NH;-N TN 5 TP B BUAR ) B I 25 70 A ReAE . A= 7+ Chla A2 K 2= (0.10 mg/L) 5
FT472(0.03 mg/L) , @ EHH 0.14 mg/L, B AREH 0.01 mg/L, FESEBHE(3.70x10° ~12.01x107 cells/L) Fl
BRI (1.20x10° ~7.68%10” cells/ L) ¥ 5Bk T i T4 Z2 IUREAE , 45 [ 53 A7 LBk 25 ) P9 98 208 2 1 oo T
AW AT (R D) .
2.2 FiEM BRI
2.2.1 WA A £ A K FCREWIIR IR U 153 B LSBT 8 1] 84 U8, Hirh &1 1 (38 J& 86 Fh) (5 iF
WA RSB 56.2% , WEHET T (17 J& 23 B ) FIGEBETT (15 J& 22 Fh) 435 ok VR WAL A SR 285y 15.0%
I 14.4% BREETT (T J8 12 F) o SRRSEHA 7.8% , BRBET T (2 )@ 4 Fi) o BORhEE 2.6% , B8] (3 8 3
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Tab.1 Temporal-spatial variations of water quality and biological indexes in Lake Qilu

W/ (X107 cells/L)
MR B/ (X107 cells/L)

9A 11 A
Eistn
N A I A
pH (9.0~10.0) (7.7~8.3) (10.0~10.0) (7.5~8.4)
DO/ (mg/L) 9.1(7.8~10.8) 5.8(5.0~6.6) 9.7(9.0~10.6) 5.4(3.2~6.5)
CODy,/(mg/L) 9.2(8.0~9.9) 13.1(9.8~18.1) 7.4(7.0~7.8) 10.3(7.8~16.1)
COD/(mg/L) 44.3(43.0~45.0) 38.6(17.0~74.0) 34.0(34.0~34.0) 39.9(34.0~46.0)
TP/ (mg/L) 0.07(0.06~0.08) 0.51(0.20~0.92) 0.04(0.04~0.05) 0.14(0.03~0.25)
NH;-N/(mg/L) 0.19(0.03~0.29) 2.31(0.39~7.66) 0.14(0.03~0.22) 0.32(0.13~0.87)
TN/ (mg/L) 1.64(1.42~1.80) 11.20(3.26~25.00) 1.05(0.95~1.18) 4.95(0.81~12.80)

Chl.a/(mg/L)

0.10(0.03~0.14)
6.12(3.82~7.74)
4.89(3.34~6.10)

4.83(0.37~12.01)
3.11(0.02~7.68)

0.03(0.01~0.05)
1.62(1.28~2.02)
0.80(0.65~1.00)

2.50(1.81~3.91)
0.72(0.0012~2.00)

) 7 RN EELY 2.0% , FEETT(2 )@ 2 Fh) G SR SEEY 1.3% BB (1 8 1 ) AL SRR 0.7% o
FPEB T Aok, &7 (121 F) >R (118 Fh) . BN 2B 23 IR AR Fb R, S9 s A7 (60 Fi) >S8
(54 Fl) >S2(52 Flr)=S10(52 ) >S4 (48 Fif1) >S3(46 Ff ) = S7T(46 Ff) >S5(44 Ff) >S1(35 Fl) >S6(29 Ff) ,
W N B R RS [B) 40 A 22 /N T A 2 ) 2 ) 0 A 25 5t o

TERE IRk 5 A R BT 40 M 2% B2 W S om T HA e 28, i B BE 1Y 87.5% 1 60.8% , oy R K
BEo 10 ASRAE ALK RIS IR 0 T 24 85 B 43501y 5.22% 1071 2.24%107 cells/L, 4t 2% 43 A F
(0.37~12.01)x 10" F1(1.28~3.91) x107 cells/L Z ], Hrp Fk Z i BB AE S10 &S 47, AR AE S4 S, KT dx
EEALE S4 JUAL, BARMALE ST 80, 10 A SRME SRR A T IR WA 2 1 A W i 43 00 A 1 1,11~ 6.57 il
0.81~12.21 mg/L Z[f] , SEA44E Mpdt 73 519 3.75 F1 3.49 me/L, FKZE W FH AW T HAB B, 5 M4
YRy 52.5% , Horb g mi{E S BRAE S10 s, SRRl H BRAE S4 mifi, 422 S4 T S10 i fv ik ik W) i B ey
AT A Wy T A, 5 S AR 53.0% , e (B L IAE S4 fi i, SeflR(E L BUAE S1 56 (& 2)
222 FHEAMASH A RIS EEAW IR LRI 3 Fp(E 3a) , 2B A i i (M-
crocystis spp.) R HLIE #E ( Pseudanabaena spp.) Fl1 U B} 3 ( Scenedesmus quadricauda) , 1 %% # Sy 55 — G #
A AR R 070, SEI Z M 25 BE Sy 3.64x 107 cells/L, 78 S10 Ay 5 b B 155 5 1% 471 I 34 ( Pseudanabaena spp.)
5 AR T A RE R 5.70%10° cells/L, SRHEEK 0.10, [AIREFE S10 2547 4 iR . IR UEHIYI I
PRI 7 Rl 2B i e R N E (Cyclotella spp.) B ( Oscillatoria spp.) | Fa3kEE (Aphanocapsa sp.) DU
35 2 FE 05 A3 ( Chroomonas acuta) FIKHE ( Cryptomonas spp.) (T8 3b) o 5k IR, BB 45— (55
P RS 0.33 P 4IRS BE Ol 7.50%10° cells/L, 7£ S9 007 b7 b IR0 s /NFR R 55 0 35, 725 41 i
N 3.60x10° cells/L, R34 A 0.16, 76 S4 i fir b7 iR
23 MERSERERMENEZESS

FEAREWIRKZ: B MCs YR B 0.05~23.54 /L, EHIME K 6.46 pwe/L, WP 35 MCs ¥ Ji -3 (12.15
pe/L) 3 AN H (4.02 ne/L) ,Horr, A E PYE MCs W B2 22 5 I 1, S10 s 437 /87 34 23.54 pg/L,
WA S9(2.89 we/L) , HAX AW T MCs W BB AL THRARAK - (<1 pg/L) o AZE 5 MCs ¥ 5 i 40.05 ~
0.46 we/L,FH{E R 0.24 ng/L, P95 MCs HREETE A 0.08 ~0.20 pg/L,FHME N 0.13 /L, FHp, ST 4
Lk MCs #8555 (0.20 /L) , Ul $2(0.10 pg/L) o 7 A B AN M Y AL MCs #e B8 Hl oy 0.05 ~
0.53 pg/L, FHAH 0.29 peg/L, =118 MCs 1 BERL A AL THAKAKT-. 3 FhF 4444 (MC-LR \MC-RR \MC-
YR) R E 5L A K, KRR 100%, Hd, FkF 5 LR 98 MC-RR, & ey 31.29% ~
72.45% W SE LR 0.01 ~ 15.26 pe/L, Hiyk  MC-LR, i He ol 24.59% ~59.33% , #¢ & Ji [l 0.05 ~23.54
we/Lo &Z8 5 ) MC-LR, &7 H ol 26.22% ~75.61% , #e BEJL N 0.02~0.38 we/L, H:¥k o MC-RR, (5
Ltk 19.81% ~71.02% e FESE R 0.03~0.32 ng/L(E 4) .
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Fig.2 Temporal-spatial distribution of phytoplankton density (a; autumn; b: winter) and
biomass (c¢; autumn; d; winter) in Lake Qilu
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Fig.3 Temporal-spatial distribution of dominant phytoplankton species in Lake Qilu (a; autumn; b: winter)

K ZE EMCs ¥R B 0.01~0.20 pg/L, F-HME H 0.06 we/L, IMCs ¥ 5 [l 7 0.004 ~ 23.54 pg/L,
PIER 6.41 weg/L(E5) o IMCs WREE/KF- 3 5 T EMCs (24 116 4i%5) , 150K 2 5 8 S5 PR AR ) K 4 B 0H
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