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LA . (2—10)x107 cells/L Ay 4 K |
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CORR R, VRYF TRV R 5 P £9°59(2.19—3.55)%10” cells/
L, B & S e (Microcystis aeruginosa) i
IR FE #E (Microcystis wesenbergii), TH 2 FE 41 fl A
XEERKTI5%. LI HMI(Carassius auratus
Linnaeus). # i (Pseudorashora parva (Tem-
minck et Schlegel)). #UFN Gammarus sp.) \H- 3
3R, F i (Cyprinus longipectoralis (ChenetHuang)
VI T VER o 25 7, P VE IR IR, A K —K
(R, MR AE R L SRR SEER KB Y TR — . &
7% (Ceratophyllum demersum Linn). I &
(Myriophyllum spicatum Linn). Y6 R ¥ 32 (Pot-
amogeton lucens Linn). Ui IR F 32 (Potamogeton
maackianus A. Benn)>K4E H = PTG, 587
KR KE—3 EAT B ZBRAE LR K
Wl FR— . KL RRIG EAE B 1.

FEA MR BUTT A S IR KR R K e 2 DY
W), WeHRO. 1 mL 78 43 7% % 1% S) R fiE 0.1 mL
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FH 7K A 94 408 ot 08 58 3 YO0 R AN TR FEE R
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Tab. 1 Basic information about the main objectives of the study

Yoh R T4 T FHy b
Species Latin name Average length (cm) Average fresh weight (g)

i £ Carassiusauratus Linnaeus 5.02+0.83 5.39+1.96

F it Pseudorashora parva (Temminck et Schlegel) 4.24+0.59 1.36+0.37

I fif Cyprinuslongipectoralis (ChenetHuang) 4.52+0.39 2.42+0.56

FEUR Gammarus sp. 2.58+0.36 0.15+0.04

Gtk Ceratophyllum demersum Linn 2040 1.97+£0.57

W25 Myriophyllum spicatum Linn 15+0 1.36+0.42

JaH iR Potamogeton lucens Linn 1310 1.62+0.33

TR 132 Potamogeton maackianus A. Benn 160 0.29+0.07
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B IS AR A AR
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1.0—1.2 mo I BR il 3 8 /K ARk FE 130 B RS A B FE
D VEL 075 Vit 1 7K Rkt B Sz % 493,29 % 10°.
1.12x107, 2.60x10". 7.59x10". 1.91x10°F15.09x
10° cells/L, FEANEE AN TAT . 45 REUREN 52 % [
T SEBREIR FBE, 4ni) 52 {55 88 5 (I R 22 e R U
WK AE TR TR TR . SEUR 5 140 55 24 K BURE I 52 I7T
KR e RN B, [ e R 2 /K N 5 95 40 i
PRI 55 6] W 2 i 7 9 /D F - S 2 4 Al 2 i /K A ) e
RN FE (LOEC)
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(CMC). CMCH x5 A 5 g A 20 KA A= A
T FH A RO . T ECMCH, ¥ i a R
(ST~ 257 o 253 4 5 42 A v B P e 32t 47 HE 41,
P A AXP=RI(N)ITH R, KA RE RS
WAEF IR AL B, NSRS R e & . ik
B4 BERUEREEI0.051 8, 1 Ak B 1 Ja 1
AR PR A E AT B AR AR A 55 A R
A R A SR (FAV), HE & KR ECMC=

FAV/2. CMCE#H k20BN . Hig T
T UTK A A K K R AR R, ARIT
TKFE P A7 Bt R, AT 98 3 BT /K R A TE 38Rk
& (NOEC){E g XU PP A/ 48 551

RAZMIMEFAYV, Final Acute Value)

FAV T Z 2 /b5k 5317 8BH Rl 1 S 3 1 £ i
(A 7K AE BN HILCsg), TS AT AR A 2 0% 1 i B
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Fi4%Charles E. StephenZs' {1y 5 3115
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T2 2 DK AR 2 S M0 HE S0, UFATH0,
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KRG FE B, B 23 0 A2 2t RS PR EP=CMC/
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@i IR 5 BRI (EC): AWE 8 HECEN N
Y 7R Y AL A S o A DA

@ 5 XU i B 45 2R Q: A A S HIRQ=EC/
EP, X P FRQMEAE0.1LL Ry 0.1—1.02 [A] F1
LOGA_E43 501l 5 SRR AR« RS R iy XU o
1.6 HIEALIETSE

i1 KRV IR S 06 DA SR 56 2K s B Z BB T 3R
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IR R LA, PR LA A R HEH AURORAE,
RIZAFN L Csgo YLKAE PS50 ) LA24d 1) 5 26 35
K R Ay, 5 2 B B, TS RO IR
FE(ECs,), NOEC {8 A% Dunnett’s TH K 5 % & 21
HIEC A Kl R B M 22 57 (P>0.05) MR sk
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2.1 WEEKERETHKEEYILC, F
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AHIF T I8 i ol B K A B R S IR SR AR 1 52 AR
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Fig. 1 Illustration of an effective strategy for aquatic ecological risk assessment of Microcystis bloom

®2 ZPHSMMEMRR ST
Tab.2 Calculating the algal cell densities using TPR method

RRH AN R R R

kb (B 1 75 . S
. . . Correlation Significant
Species Regression equation coefficient ( Rz) (Sig.) LC5o/NOEC (cells/L) Data sources
AN ] 3=5.19x10 Pxx* 4 0.94 0.007 LC5y=1.969x10’ ASHF 5L
50
Acute effect i 3=3101.705-778.004x+48.623x" 0.88 0.001 LCs=1.303x10° PN T
A 1=3413.179-840.946x+51.906x" 0.85 0.015 LC5=1.023x10° AT
a1 y=7173.473-1746.301 1x+106.165x" 0.83 0.212 LC5y=9.162x10° AHA
LA LC5=2.881x10" SCHR[16]
KA LCs=1.752x10" SCHR[16]
F T SR LCs=1.77%10° SCHR[14]
R T LCs5=621x10° SCHR[14]
Wi 28 %% LCs5y=4.78x10° SCHR[14]
K% LCsy=4.10x10° SCHR[14]
TR e IR NOEC=1.12x10’ AT
c;afrleclic R IR T3 NOEC=1.12x10’ AT
Lo NOEC=2.60x10’ PNt

IR NOEC=1.12x10’ KR
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I, Tl RE A R TR S T B AR M 26 R =
AT HRAIHLE, BRI IE K Y AT ARG IR T
x5 2 A R

BRWF24h LCso 99.162x10° cells/L, S ASHE 7
XU 55 5 N BUER 0 o, L )£ 0 ol B R 1)
fiif 52 VS v T 22 A
2.2 WMEREKEMNSMENE. BEHMNEMET
MR E RS

Pk 27 2RI B 3 S RSB B
HEF, A XA & SN AE(FAV)=
6.744x10° cells/L, F: i £ KK [ (CMC)=3.372x
10° cells/Lo VTRV FE 1 B 2 M4 v Vi S i
A, BUPTKAE P AE 53 A7 1 B L KIR, AR
BRI o ST UTAAE 9 5k FE 6 81 18 K 2 384T
Dunnett’s THIL, YoM AR 732 AR 722, &M
AN 5 10 8 RN IR FE (N OEC) WK B 70 3l o
1.12x10, 1.12x10". 2.60x10"#11.12x10 cells/L.
B /M, WIGTKAE Y INOECTE B 491.12%10” cells/
L. B, ISR e, T K HECMC=3.372x
10° cells/L, MK B8 12080, V7K S XU K Al
YIFINOEC=1.12x10" cells/L .
2.3 RIBEWRFER R IFEN

Ak RPN THEASEP=3.4x10 cells/L, 1)
P S E S R B (RQ) 7 AR ME, PR 555 % # vk i )
VEL VG /K AR T B BE 7R 3.4%10° cells/LLA Ry 3.4x10°—
3.4x10 cells/L~ 3.4x10" cells/LLA i 4 Bl kT &
PEAR ARG o XURS: AT s AU KSF o M RQ=11Y, 7H
VKA TR B 3.4%107 cells/L, HRAR G ST R4
15581 5 5 - 375 B [ DA A 7R (1=0.3 506 —6. 7023+
32.128, R°=0.9968, x, y4) T4 2 15 %5 B o ORI B
BE), THE PR K AR GE B EE(SD)=1.5 m, R4
S8 P S 4 78 55 B - 4R R (y=0.0002¢ ™,
R=0.9861, x, y43 B2 35 5 FE X B G K afr
&), TH5 I Chl. =50.7 pg/L.

18 KU AT, 1A EP=1.1x10" cells/L, 4
P 15 1 XU P AEL(RQ) 7 b, 2 PR 458 22 e A B 1D
VG K AR FE B FEAE1.1x10° cells/LBA F o 1.1x10°—
1.1x107 cells/LFI1.1x107 cells/L LA I 435 b F-18
PEAR AR RS A s B 7K o [RIFE 24 RQ=1H,
VG KR TE 25 BE R 1.1x107 cells/L, iH4 H bt
SD~2.4 m, Chl. a=18.7 ng/L. % EFTi&, kX
B Ik 3. 3R 4.

ol B 8 AT BRI T2 0 S — 5 MO ) AR
R NENEEARDY, BB R, A HRIEHE
T 7K HEJ0R R R BRI (8] — R, an 19964 FF 4 H
4. 19984E 7434 50d, 20134E B — A A1,

R 3 EBKESMERGE SR
Tab. 3 The ecological risk of an acute toxicity based on cell
density for Erhai Lake

IR Z Algae density (cells/L)  RQ M4 AIRisk level

<3.4x10° <0.1 R KUK
3.4x10°—3.4x10 0.1—1 R
>3.4x10’ >1 i A

x4 SRR SR
Tab. 4 The ecological risk of a chronic toxicity based on cell
density for Erhai Lake

WP Algae density (cells/L)  RQ M2 IRisk level

<1.1x10° <0.1 IR R
1.1x10°—1.1x10’ 0.1—1 R
>1.1x107 >1 A

WA X EIE, SR S I ROV B AT PR SE A& B, A
B 58 U DA 1 RS 70 A7 IR A B
3 e
3.1 FNEEMAIITES

T T 7K A TR 7K A 2 XU = 0 o 7K AR A )
7R AR (AN ) R AR (I PR AR B B L VRS0 R
W, AT SZ M KA S RGRFIE S50, AR 2%
PE, JCIH R BRI UUK MY &, SBUKES REGK
AR R, I ERKAES RZGR .

IKAEXT K AEZS J G0 1 R K /N 5 7K A 5
K. EREE. KMEIEE . KBS KE. A
R KRB 521" AT S0 A Yo VR A T
JKAE, T I 7 A P A 20 1 R JR S G, TT BASK
135 R KA S [A)AH O s o i /K 4
7 = AR LA, )55 25 -6 TH W R K IR 8GR AT
RT3 H7 o

H a1 E A M XA F A A S KRN I %
B G — bR 17715, Macleod 5" g <7 DL A= WK 7
N U Z AR IR S5 S VAR VRl AR H A,
WK IMIK E (Ambrosia artemisiifolia L) ¥ 5[5 i
(Hemiberlesia pitysophila Takagi)%s, WFINMfatn B H
TV EEHE . VA 2B R EAE
M E B AP SRR A, (B fRbRgE
HIE TV 2 S HOB & KA 50 W7 2%, vPAY
NN EMFE R Z, o] G5 IR 1T FL S M
2, BRUURK ™ 3o A b B AR AR 3 i T A
AW AR DR VAL L RURG AR R, 40 36 [ 0
(Hyphantria cunea)~ 1253 (Sorghum halepense)3s,
ZITVERRAR SAFAR AL R B, DG S5 A koA
Z M, ik HOCEM B, I 5514l X AT A



5 1 Xl

5 VE R TR /K A R K AR 25 KU DR AT AL 1071

ABREE v SR AE 5 A 0 AE o0 A X, AT PP A
PO o AP S A AR ALER 43 B9 2 F T PF AN T
DA H L ROY BOE & RS, T AR SCHY H FR 2 PP
THFE KR AR S RGN e KR, [R5 7% 3¢
ESEREZ NI

JIVTAN S T 5 2 1) 7K AR 3 XU RN, AT 7
ST A A B oA R AL ) AR A U PR AT
SRR AN TT Vo EARAL 2 il 1R AR A XU A e o 4
(AR PR A, T A S K R T A 28 U AT L%
{1005 P 5 AT T 32 AR N7, EL B AR ) 5 ) e 2%
45 A R AE A A KA RIS b, 05
RE 0% 2 0 B A T IR 8 0 %8 TR R R YA I 52
Wi A5, L T) B /B 5 L ) A A0 A [ 2
(AN FEACIA A DLHREE), Al S AR AR B B 22
ARSI BB 2 AT I H AT E PR b8 ks
FH I HE T K A 38 RS B AE G 380, BDVROY BRI 1325
BRI B 2 B R A M U A A . VR T
TR HR A, TH SRR B G AT, (H R T R
T UM, A &5 A 0BT
VRN B UK 4y AT R RE RS 7 5 T 2 2 XA )
B, A gt ), R U R A i
BAE AR T R B e AN 4, i i S 15 2
7 FR T SR B 7RO 2 o 2t B AR M 22
A T2 AE TR WY s, f
FAGOK IS & E R B LY, & E&FTEE o EdE
Frike Hrik AR I E T, B IR SREN R,
AT T S5 56 45 SRR T 2 AR A PR

ABH T AR, EE SR 1.1x10” cells/L
FHEE I E XS . T XX R AR H R A
A, X5 H AL W EAH R — & 20, tin
Sulis5 ™ MR 7K 224 0 B2 1, 308 H P e
JHEJEE 110" cells/LAF ik AZK 4RI B . fnse
REAAGRI BUR NI LE )2 A )
ol 5 5% AT FH /K FRAF A W TR 5 13 1107 cells/L 0 3%
] A R 1) Xof 2% S FH 7K PRI A, SR P 0 9 4
PR AT B, SR WHO4R H 9 1x10° cells/LBR {4,
(EL R T8 17 22 35 K SR BRAE 210 cells/L(LE ]
AR - https://www.epa.gov/nutrient-policy-data/
guidelines-and-recommendations#what1). % [E R
X VA T L U SR T AR Gt (O s [ AR S BUR
/Y 3%k: http://eng.me.go.kr/eng/web/index.do?menuld=
279&findDepth=1), # < 15 4% % I F5%10° cells/
LA 255 5 (Algae advisory), 1A F5x10° cells/L A
K 4 (Algae warning), 3 1x10° cells/L Y
1% K (Algae outbreak). IX%EAH RARAEE L T /KT

AE R I, MO\ R 22 42 A1 B2 Rl 1, T AR

TR R IE ORI K AR RGN RS B AR P E
1 A 2 XU B

3.2 KETMRAIFERTEIRIFMN

AR VAN TR K A 1 AR 25 R, B 425 e e
B PSRN 1), 3 T EEE R K S TR A K
HEFRF LIS (a] o T KA AR K A 25 R G 520
K/INHE DL B S 56 AT 20 A, H AR G L2
WL A . LU B A AT TR X SR
2t VRIE 95 Bl 5 R A W T K P T A S EN ARV, 450K
FEKAETAR B 40 B (%) Rl N <5 5—20. 20—30.
30—45. >45, XA R R, HR . RE
K BERANESR . AWFIR DK 1S
S5O R LR, BT Z KR A0 Tl B v /K A LU A UK,
AT 1 DA VER - T 7K R A0 T R 2 2% i o Tl B s /K 4
AR RS & A EE . 758 b, 20128 704E4K LA RT
MUK R A 4% 15178 75 P 1 40%, 20TH 22804 4R 2]
Q0EARTE T FETE30% /e 47 9 8, H A 434 X T A
8%, VEE K AR SR AR I, TR A SR TE KR AR
FIF 5 A0 e s T4, 1 1 DX 3k th 1E 2 K R 4 43
A X 3. AR 5T 408 o 28 KA S T I O
304 ISR Fa s A KL CEUR AR K 3R, A /K HE(Chl.
a>20 pg/L) A < 2% AE A /b, 119964 2 /i I
TooK AR AE R ARIE, DR AT 4 I K S T AR < 2% 77
ARAES KRG, LH rEE AU UK EY)
7 5 FERY N IR YT H r, R /K BT AR 43 (%) Rl 43
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Tab. 5 Acute ecological risk assessment of Microcystis bloom in Erhai Lake
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Tab. 6 Chronic ecological risk assessment of Microcystis bloom in Erhai Lake
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ECOLOGICAL RISK ASSESSMENT OF MICROCYSTIS BLOOMS
IN ERHAI LAKE

LIU Yi, YANG Shao and LIU Xiao-Feng
(School of Life Sciences, Central China Normal University, Wuhan 430079, China)

Abstract: The ecological risk of a Microcystis bloom was evaluated on the basis of the ecotoxicological risk assess-
ment method. The effects of Microcystis bloom on benthic fauna, zooplankton, fish, and submerged macrophytes were
assessed by using acute and chronic exposures experiments and the findings reported by previous studies. The algal cell
densities were calculated by using toxicity percentile rank (TPR) method, and aquatic ecological risk assessment for
Microcystis bloom was performed by using risk quotient approach. The criteria required for acute and chronic ecologic-
al risk assessment of Microcystis bloom were defined based on the algal cell density, algal bloom coverage in lake, as
well as duration of algae blooms. The acute ecological risk was classified as low-, moderate-, and high-levels. A Micro-
cystis bloom with cell density less than 3.4x 10° cells/L was defined as low risk-level, with cell density at the range of
3.4x10°—3.4x10’ cells/L was denoted as moderate-risk level, and with cell density higher than 3.4x 10 cells/L was
defined as high-risk level. Similarly, chronic ecological risk of Microcystis bloom was also classified as low-, moder-
ate-, and high-levels of risk. The Microcystis bloom with cell density less than 1.1x 10° cells/L was classified as low
risk, cell density between 1.1x10°—1.1x10’ cells/L was classified as moderate risk, and the cell density greater than
1.1x10” cells/L was classified as high risk. In practical applications, cell density, algal bloom coverage, and duration of
algal blooms are essential factors to formulate a robust ecological risk assessment strategy for Microcystis bloom in Er-
hai Lake. In presence of moderate-risk level, early warning of Microcystis bloom should be alarmed, and improvement
of water quality or implementation of biological control should be carried out. Under the high risk level, emergent re-
moval or control of algal bloom should be undertaken as well.

Key words: Erhai Lake; Microcystis bloom; Ecological risk; Assessment



