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Abstract: The tolerance to cyanobacterial blooms and the need for ecological safety vary spatially across different areas of lake and
reservoir water sources (e.g., intake areas, lake/reservoir zones, bay areas), which requires more precise selection and application of
emergency response technologies. Currently, there is a wide range of emergency response technologies available for cyanobacterial
blooms, but selecting efficient and safe technologies that are tailored to the specific scenarios of lake and reservoir water sources
presents a technical challenge for emergency responders. This study first details the theoretical foundations of current emergency
response technologies for cyanobacterial blooms, focusing on three main aspects: rapid algae—water separation, environmental factor
regulation, and physiological growth inhibition, providing a theoretical basis for technology application. Secondly, based on spatial
heterogeneity, the study categorizes different treatment areas within lake and reservoir water sources: interception, skimming,
filtration, and clear water dispatching for highly sensitive intake areas; aeration, pressurized algae control, ultrasonic, flotation, and
magnetic separation technologies for lake/reservoir zones; and flocculation, modified clay, chemical oxidation, photocatalytic
oxidation, allelopathic plants, and microbial algae control for bay areas. Finally, the study comprehensively compares the technical
requirements, advantages, duration of effectiveness, and application costs of these technologies in different water areas, providing a
reference for the selection and development of emergency response technologies for cyanobacterial blooms in lake and reservoir
water sources.

Key words: lake and reservoir water sources; cyanobacterial blooms; emergency response; regional cyanobacterial controlling;

ecological risk.

TR R AR RGP IS R KUK 2 4 A B A R TR AR I, K T )
FKAES RGNS Dy e ko #45 EE2AF R W E 4 5F
, s e e v . . Wi EHE: 2024-05-23
PN 2 e v YL N e
thix ﬂ&ﬁk}%,ii%ﬁﬁﬁﬁﬁ%lﬁ)\é,\“7J<1Z|K, H EEWE: MRS TR H (SL2022A04J01045); 7 %44 KR RHG 1]
FRA TN, 7K HR S A e 0 A B e A, 5 B (2024-01);) A4 BHEHRIT H (202B1212050010))
7/%7Kiié,gﬁﬁ7kjﬁ%'f’b\ HIRR S RRY) Y g,@z * SUTAERE, g LR, yaolingail02@163.com




13 SRR WA RUK P

BOKAEN A BRI 391

(15 A 5 fE R R HARIEEL G 20 T4 80 4F
AR, 4Bk 68% K TR i) e A ¥ /K HE o 15 1 i ),
Huang Z5i@d M1 E N 58 AN EAG K351 /K s
850 i) e G AN T R 771 R 1915 R 2 =87 I
WEWI %), e L K R TR M 2013 4E118 665.2km”
BN 2018 4EH) 775.4km> ML 16.6%°1.2022 4F
F A= S R BRI A B o 75 I RS RS
M0 B, b e R IR RS S Lk
90.2%!%) 4k U V5 Y £ v TR A AR I 12 20 5 T
KA AR A 28 U0 (8 v B0 e o R L 9K v 2
IR 100 A LR AR R T, 9 K e B KIS
AR 43, K PR M AR 7K 2 4 A7 A0 B, i 7 SRR i
K VR v R0 Y. A R DA 0T B 5 7K A Ay
Kb 2 e A fa L.

T 2 TR0 7R AL K 1 0/ X A R 7S X 5
PEIK AR 25 20 55 A K 2 A R R S5 A IR AL, X
I AL 1) T SR AFAE B 22 7 UK 7K 38 7 AR
L I ) P9 A 20 ok K R RE XK 22 4l ok
A K A 7K e A SR S g T/ 2R X K S L %
K K S W FE S v, — FLAR AN 21, ) 78 UK
AR 7K 2 475 DX 7K 3 A 7K YR M 5 88 7K A v e IX, 1%
AKIRIK I3 45 BRI Tl B T 06 e K TR HEAR k7K 22
S SR UK 1R/ PE X 7 S AT, 7 i B AR
TEFEIE N iz A 540 25 T390 1A 2R 7K s b AN [R] 7K
TR B KA N, A B R I S B i 3R 25 5 2 B
SULEREARRI R Atk fRetE. BYE .
22 1 S S B I U, T A B T w2 K
J5 b ) HE BEK A I AL B R, Ay i 2R K
SR E BTG IE S M R RIS

1 Bk 2 A B BRI IE A

5 #:(Cyanobacteria) & — M 5% 2B 9, B AT MR
21 31 358 22 AR B RE AR 0 B s U e T R
W ZROEE Y 2 — RelB e S E R R AL
W55 A O T ) A K S A B A I
HIGERL W K. BRI #HEHF
B4R Ak 7 S I ) P9 B oK e i KRS R
SR N5 Bl A s U K S R
UL AT SR M, S B2 W A A £ 3 IR R
FAFEH KRGS TR R KB, B w B
2B R A HESR AR 10, TR S B AT R RRAIE

B0 B K A R R R S 2k @ ol 25 L4 2 AT
TFRE T AR AR T IR S AL B R B A5, 76
LA b U K AN Al B ROR PR 32 EE A
ARPRE 43 25« PAAE DR 35 1 AR 3 AR KA AN
12161,
1.1 BRI 5

PRI 7y 2 BE AR 2 ik R A B R,
H 0 KA b BRI 23 25 TR, 2 B i A R K ek
TR D ) K, 2 T W A I R T Vi ) o A
R 3 K A DR 0 R S M AR 258 e, B /K PR T 4 15 02
2 ) WA B /K e D AR 2 I A ks A% H iR I
BEIK Y BN 2R B HR F B0 R I EROR S
A AL B H AR PN R R A AL AR BLOR 7K 5K
h HBR A KA S TSIl AH DG 43 85 4 it 35 21 B
FEHREE AR 1 H A FT87 . vk
SR TR WY B E R P SR A A
T EENIK S AK AR 7 B KIS AT A R B, iR
TN B T P 1] S A L) e 7 A B BOR K 2 4
R KRR iKW RH R BT I 98 T2
o T KA T 25 BTl R o T P A a4 sk
K 5 ) St 8 K 3 8 i TR TSGR [ & AR
IR A7 A A T S it ol A — M 2 v, B I HH T
TR BRI T AR AL /N B A7 0, 68 T 52 B S8 FH o i i )
PR R SR VA s 2 NIV S R TS P
It 5 7K 0 1 B AN Ak R R A S B Y S Ak e R
Wb 22 (0T 97 % K] Wang 25U e B R i X
I B 48 B A, S T K PR 73 85 S5, /K A -
2 a TR W] 5 A 33 ] 5 35 4 T Cong 25201 1]
00 s A28 AR IR SIS O 2 i 5 Ay U s FLAE K 2
oh IR R A K 5 S8 AR T2 B & D B ol 2 (e A
TRV T, 1T SE I EK PRI oy 59 b K 73 125 7
VI AT DL RE Wi 7K AR o g 3 3R A BA R0 R 20 I, 5
Gy BRI DB TR A T K )Z G s AR T G
B N RAR T B AR T s R e B R
BB RE )52 IR R AR AR 2 R R A ) & 1
HI kI 2 5% Wi HE AN K AR R G, N BRIV S5 1 %2
FIFE M, T 038 04 BN 3 A
1.2 IREED AR

WK R Y oK R BRI o, A
Koo RV B DAY Bel P AR S A BE OB
A FH R 40 i 53 288 e 5 62 0000 o 5 g e o S TR T



392 S ES 7 N A = - 45 4%

AEROIRYL, T AE R IE B TR  AKSOABE AT,
D2 AR AR PR R 28— A B ) e 77 3K
THI I K i 2R AR TV UK A W 8 K AR IR AT R i ik
TREE RO A A S A AR R, A PR KT
AR T 5 SR O I B e AR R B e R
A TR 2 10 2 B A%, A G IR <5001ux 45 1F
I R e ) AR R B R DT R T
2T S B W AT e B 1 T S AR 2 0 BE
Z A I fi R PN, 3 A QO sl ke 3, R SR D ok 4
I T o, L 2 M 1) TR R A 5
V227K B 3 R A A S K1 B A1 LA
AN 1 55 A3 2 38 8 2 4 K i D £
FEEEPRBN AR H B 0 7K A 0 2 1 Al 390 1 8 1)
REGAKPL NI K, B, R s
G BR S R R K R AR, B T o SO K A P R
i W A IR G R L KL U AR BE DR R I
JEE S K I S A Bt R I B K R K R 2
AT T BE N TR T /2 NN S8 R AL )
LT BLATWT TR W, B R K R IR R AR ) 2 B
PR3 a WRPBEWT N B, HLREAE B I ) 3 O
FEBAR KT, HANS YRS R 7K A2 o, 5
TR MG, B HER A N SR B R A 1 2
Ve, 359 X e PR T A Y A 85 DAL A o R
PR K A AT 2 R 1 3 e T A D 3 A
) P2 PR A W K LA AR g ) 2 A R RTI 2
(EN(EEZR S TR ENDIVESY (R ks 2 NV IEA LI R
RIS A A, U0 N T R T 2 2 R, 5 1 M
JEEARI T3 7K R, 3 52 A 52 B T 386016 7K T AR
ST EWTIUE TR 2 I BB PR AN S
1.3 ZERA KA

B A0 P AT AR B A (1 R R 2 B 4 i
s FCAAT 7R A I v 22 B 1 i v O 5 e, D
P Ay W SR BRAAL VT 7 AR AT T DA K A T 2R Y,
A 40 M R AR A R ] AR AT e 1
PR T DRAIE SR A B 1) v 25 [, i © 22 kAL
H 22 b SRR BRIR A AL, A K R
2 A RS A AE P G I A LB A ]
CAME LAt 32— R AN BEM T IR 2 SOMIRE D, 37K
TS T (W B R A O3 R A Y AT
REAT (1 45 R A D RERF AL, A A3 LA A A e 4
VDR ERa EARC TR & ¥a N SWNE 2 LT S RN

DN X S e 7 (10 1] St T AT Y 1 DA 3 4%
[ B 19 A R AU 3 B () PR 85 IR 3 2L ER e, I A
BA AN A BT e i e K N S ik B BRI AR,
I DLE 38 N AR AR 5T AR S KRR e —
SHE T3, 00 ) 0 35 A A K A A R P PR 5 2 2R
HATAFAE 7 X Bk b B A S
SRR W AU T A 2 AT W LA 5 i B
AT AT A T 9 A0 M A 2B A 2 B B A 3 A i
S 4 ) S T i e e T AR kb MG
Jit L5 i 8 AT CE AR A T B R AR A S o
W A R LR [ (9 PR B e 4% 1,
B G AN M N R R R S i A
WKy G5 3 PR A P AR 52 ) 2 2 m P,
BEAT AN TR] AR 58 iy 38 25 P34 mT DLE B B B A
T M P 5 R AT 8 40 A R, Wang 2557 %
IV B R TT LUe S R 75 I O R i A
ALK, J2E 11 52 i S 88 00 3 R 0 Do R MR AL A i
B 20 B 52 21 W 1 20 M 5 R T 440 R T e A AR
SR S I A KR AT T S R BRI, L N 5
HMB B BB 1P T B R () 2, 346 3 A A )
PR SCAF A N S AR BB R T RE S0AE i 75 A0 i 1
245 | RS R SRR U K 4 75 5 v PR A

2 HEEEKRM SRR N SR E R AR RN A

PR KU HBAN [R) K S UK B 38/ X 5598
DS R K A Y AL BB 77 sRAN A ) 3 T [
AL B ROR A PK 22 AT SR AN R A0 B S Ak
BRI A th RUETE. fPrkaess
FE I S 22 5 TR, DA T S B A D 2 AR A7 B
TA I S R Y SAE B OR.

2.1 BUKHMNSAEE AR

ZRY 3t A 11 7K I B AR /DN K Ak PR
9 G R M AR R 5 7 2 4 B O UK,
X SAL BRI . RE M 2 A R AL
e B K R A I SR I N AT A R R 2R
T EOR U HA PR S EAR WAL 1787 1L,
DYSEE R S E ST RE s % S UG RER ]

211 R FIRR AR SR T A6 v i R
T FF R 160, R J A 5 1N A S s s e 9 191,
BT ORI 7S 5 K e, TSR AN 28 7K e 4 5 94
FLIFE A R RS UK DK K AT 200 e BRI



1 4 R

P R I K A N S A BB T 393

FK 15 BE 8 (R 7K 3 A, B 1 e K AR N EROK 1K
WA e KT KPR AR S KT H HUK & 5 g X
K 15 ST 37 2. 1km® B DX 977 1 3 /K A )
A 1377 B0 2 A AR 5 K ST 43
RIZEH SR Z A RN SRR RN 7R K
T S R R o W, AP R R R 3 e X S U
REEAG TR B W K A B R I B AN VR R,
W AR I8 S R A A A R L R A R R
BRI RN FE T3 X L2 K 12K
212 FTH; 3TE0 N N TATERHUMET N X
G L S s K A, o] DU RN THT B R AR A
T AT 57 A LA, AN AR (HL (] ) A 5 250 % A AR 1.
L S 7K AR A K Sl U FH LB T 5 B A M UBR T
i FE K IR S IR R AT B AR B AR S5 A A 2 v
HUE T 120 BUEN 50m’/h 1WA R IR HT
PRI 9.6 J7 m’MITHEE RO B I H A 5 A
B M R A K RS 3 A 5 A IR 5 1)
%[42—431‘

21.3 bk RIER R EKE T 2 LA B AN
Ja kB3 A0 L BRI A L BRI M T 40
i A 35 7K 43 B e RS S e R R — o i T
BN, LG Vs e ik e R 3 A 46 0 3 v
(BIf . PRI, B, RbUESE JLAE T 10pm)
5 2o P (FLARSE AT 1), 75 5t i A B B vy
T I 0, 1 SRR AR 24 W R R R A% A
R, AT LA 7 Xk in e A 28 ST 45 T R A
IEIEIRAR R BEROR (B 20), B R K AL B E 7S 2.4
73 PO SRR AR N T U e R R ALAR,
WU 18 b BE R AN A, Wang 25 PO Tt i 35 7K 4
A R LR A 35um (1S S e ML, 3K H b 2R
ik 2.16 77 m® AHH1/K Chl a #7548 20pg/L
T8 AL | 29308 i ol Ay 3o A I, A AL
AR08 /N T 0 S R R A L DB R e SR I A R T
FLARN 100nm (1P ZE R T 22 ) SR et 9, 5 4
AL B ik 84%~98% 1), ikt 3 ik i iok PR A7 7L it v
Yo Ik 2 LI R R A ) A A e e,
UG AW SR A I 3 3 T2 LR D8 A,
LB AT AT PEAT M L SE B,

204 BINEEE 51 R K A T ek K
WK BN 71 4 R R I R HHOK vh A K 1 i
L, T BRI 1 9 K K R ) 2R R R L 5 |

R A I AT LAY 2% K A 7 Ak R, 0 )
b AR TR B, 2 o R R 5 1 7K TR B
1B Chl a BRI FE 4 19%, 7] DLEZE fif i s e 7K A
AP A M X 5 [T 5 R TR AR AT L AR A i
TV 5 2 W A 3 R O Lu A a5 K
VRS ASE AT AR 7K 2 (R K 7 45 B s 1) <5, Jse By 4 il
BB 375 BRI e, A 2 KU AR, B
TP AR SR L AT i R /K S5 A BT R B H HT KR
BB IR, 25 I i DX i 7K A A 6 30 Y K A 7K
S TR R O S B 5 3 TR S B AR FH A /K R 1 i,
ZETF RN AR T B S K BE 2 S IR AR DG OC &Rt
AR YL 5l oK TR BE A W B K R RE RE 2
0.0058kW-h/m’, Bt 25 i /K S 5 (00 18 o, 51975 11 £ g
FE A 25 T v o) A0 3 FH 51375 R P A F o L 3 K A
B, 7 T 5 L8y S 7K T B R a3 Ui R K A4
(1) 35 M) 3 S Vi HH BRI () s K AR TR
2.2 W/EX N2 ERA

TR DX 7K — e AT 7K I AR S KRB R A
TR, — B R ORI A 5 7K A 6 HIOK kK e 4
ANS A R W € AR Y N Rs 9 N prirkie S d s S
WZKTBOK G A I A 5 18 st 5 3 8 /7R i 45 4
AR K TH AR BRI AR A4 0 38 2 ) (Mg R v B AR AT A
FE SR K SRS B 5 ¥ A B B PR35 4 Ty ), TR B
DA At 3 S A A AR v W B K A Y S A R
— AT LR SR A TR BOR AN s 458 8 P 4
PREE SR A AR WO B SRR SR B S K R
B N TR SR R Z I H ARG A
B T 0 i TR AR I ) JR PR 7 S B .
EAVEPR IS CE SRS
221 MESHMER MRS EOR 3 B R K
TAEBNAE F, 3G 5 /K A4 i 3l e i 0 e /K 3l 0 IR L
B R T /K AR R S I I S R B v LA
il JR) 08 7K 3 3 7K A, ok 2 A e R e PR A A B A AR
SEAE IR 7K 2R SR W SHE L AR, W5 /K A 34
e 2 P BT K P TR T X R TR
BAT ARG, BER LR REIE 65%, FEHREFE RN
0.058kW-h/m’, J I8 4 25 4 10km (15135 % T
FEAEFEN 0L — e i, B /S HE VR TR AR (1 Mt T
JEE 25 1 B RS /N L S 0 /K S s /K A 1Y)
AR b BT TR v AR 3 SR IR 2 S
HER AR AT BE 51 A KU H TR b (75 YRR,



394 A 45 %

TE B IR G K KT 5 7K A2 AR 77 AR AN R S, 1%
AR N R R T /KK T 10m (IR 7K 038 gt 471,
222 JEREEE UG MITRSZ IR R )
Tl 2 B BT B AR SZ I 3 ) B, S A P R O
i R A i R (A0 BB AN PRI i A A ), 3 A )
DUBE 2 2 R 2 AE OO BRI L4 T BAR TN
T BAR /K A 5 2 i O 2 M A R ok L s
BT AT SR T 2, 081 a2 T 1 O 2 B e 2 ) A
0.64~0.67mPa Z [H], Tl FEEEAM 152 & 30s LA, 340
LR TTIE 98.01% %, 177 22 Bt 25 o e i s 11 24
2 0.72mPal> i Ak B JLBRACRAS I R
BRI AR K S 85 B AP R A5 5 e Y H
I 45 BERR 32 B FE HLMOIN R (RO S 3
FEOK ) BIRRE I 5 20 A A5 T Ui in s 7 =X
e O 5 I R AR Y, LB CR TIE . 82.70%, 111
A& BEFEHR 0.0023kW-h/m’ 3% Filin He 25 B 7] L2
SEAE AT b LA 7 (0 R 8 i Ak PO
Ji 7 A0 0 2% SR B A K v 22 /KT 70m LA
B IR ER B A B 7K A WA v A B O 5 Rk A
4 G R TT i 1.8 77 mP/h, HLAE BRI, (H %4
AL REAE FHAE ] 2 7K 3, 18 FH 1 W8 K AR 2 e 1)
et XA SR 5 2 B, o s 458 e AR A0 B 1 e
TGN T BARAR G AL 3 B4 o e sl 4 e e A= il
SO0 B N MR T TR I T B AT A M A A A R
TP RIS 0 22 A5 R I B e A /K R B 3d J5 A
SREETTRURETBCH 7 M P8 75 38, R B R IR B 75
9705 4 2 XU 81,

223 @A ZECARR S (9 >20kHz)
TEAGREA I 7= A IR BB 28R 5 205 A 2008 A I
PN M T 45 K0 5 T e, B W6 8 AR ) = A A9 e
TR LGS W A0 T P T O 2 B A S i v 1 i
5 Dy 2 P M A% AR A B 88 S 7 9 3ok
| W AN A R TR B A A R B,
P25 ) ik 0 8 K A ) U B AU AE 40~200kHz
2 i) PO o b A5 T4 P 8 7 9 (40K Hz) 4 IR W
MBI R 16.TW/L I, D=3 i K B R R
5 EEA MR UL 5 il 84% Fl 80%, fE AEZY
0.0232kW-h/m’ . [EF 1 /E K FE BB 29 1600m” 7K 35K
PR LR BE A (TR SW AR 250 90~180m)db
BB G S WA R R R 39.9%. [ 0N
YN AE A ARKIA S T2, IR 1A E] 10°Pa

A BT W AT s S R, 52 o Ak B P RERE A
T N AW 2 A A A TR TS IE 9 Rk B ) %
(0.08W/L)E 7 I8 i W VR B4 A SRk KA
(A K TG i 2 52, Zhou 25 USSTRIFST R IR AR v
T 50kHz B3 5 T 400mW/em? [ 7 25 19
IK A B A AL T %

224 RiF AIFHORDAF)MERE AR I b
5 E T8 B BURE 26 THT, BX A SURL 1 V7 R4 T K
T LB AR T A BEAE HARAAE N 5T BiR
O8O b BEFEL 3.8~7.6kW-h/m’ Ak i A< 7Y,
AT AL B ORIk T T R % e 2R
55 BE 1 S RIG K /INFE DAF Hp it 21 G5/ H,
I8 45 Dol AR/, T A B R B R
B TR A 5 i 1) 2 B o 7 SR g 4 M ko
T ful 2 (R B B D AR e s L B I
0 0 22 PR AR T B, A T 008 G N I R s
58 JROME B w V 0 I P DA R 8 A R ) 5 B
I Faris AN 2 T 1 0 B AR 2 i
DRI SR T o S L A AR L B
B4 ] B K 2 S 1

2.2.5 fiorE AR KRR BB R TR
TR BB sl A 5 A ) I, B 0 P A 1,
FETFHEAER . AL 2R 4 DL W3 1
e G ) 8 25 1 S A R MK R 43 B, S K A
S PRI 22 Bk, [ D b [ 7 oy B AR
PERARE— 8 A DU SR Ak = 2k (Fes0y), 7] IR 4l B BH 25 1
B RE A, 1 4 3R B 2 AT ML AT e, LA v
T PR AL 0 Kb SR A WF 5T 3 W, I 28 BH 128 1 S ol
T IR AR S A R L 9 K ORI E. 3min Y20 15
90% ) 35 4N Hu®1. 5 ¢ < U7VRI P A 40 St ' A i o
WL, AT DL B vk K R 95% I 2K REFE A
0.060kW-h/m’.Ge 5%} Fe;0,~ZnO BEPEM R LTI
TN IR IR S ST WA ST, ] A 5% 7 R S e i e
WA RE A B [ e ™ 2% b gl P ) e e A
1 Kb B RS AR ) B, A 0 4 2 B AR A P ek v £
HEAT v 20 0 8 55 R R IS R A R A
& TR ARMT IR BT ).

226 HABAEIRZATEAR  HAWPRET R
AR A G N T B N 4 U B AR e P e AR5
T ARG IR KSR K AT
R ) K A (1 A AR N T T s



13 SRR WA RUK P

KN GUAE BB AR ST 395

AR A2 B il i 2 ARl (AT ) Bl M T
(RS ) 2 PR AL R Gk« T oK Ak AR 55
5 25 T K i 28 R ) R R S R 8 B R, LA B
AR E « KB T3 4t oI55 ' A 38 T 410
T B AR K R PR 45 R T A A mT AR
TRV Rl K AR W S 7K AR G 43 R B KU A S ) 4
HAa N TR AR R AR e D). 1 F 2 AR St ploA
PR TR, EL 2 6 15 o T 4 A o 0 2 S 3R
PRI EH 5 B AR = 0 3 A /K T 7 s
FeAA L, T4 BRI ' 4 A sl s A ) 32 )3
SRR FH AR R, 12 R — M3dE /N LK A,
ORI YL 359 T i b S e A 1) R R 6 K
IR 45 WAE MK KT 50%I, 3R EY) B B ¥
B A R0 &5 SRAE Rk 85% M, I A7 B T
B N RN IS 1 11| 5 N E S G vl o
ANTRD K AP 2 S, AR TR K A A 8 s R AN RS A
7R b A T 1 KRS T DRI AE B R A i,
SXof FL ALK AR AR 00 0 98 A A2 S U th AN 75 40, 75 1
P
2.3 XN ERA

T 7R 7K M S DX 1) K B o 4 2 B IR R
25 Ty SRR W B K A v A e R DX R T B EOK
{10075 DX 7K A5, T o R 2R s SRS L A2 A
(Rt N | U =R R G/ Et R ANAS Y (i 53
AT B B BUK D ROL X, T iRk 24,
HEFE S HUK I N b BHOA.
231 ZE HBEEASETERTAL T4
471 D S5 AL R S B K Ui s R R (M SR AR
DUBE & —Fh g b 48 5 nI AT H T 20 s i) i K 46
IO Ak B AR TS I S A e ST I
KT BURE I B B8 5 B4 1 48 iy R AR I e e
S BB R 2 T A AL B AT LR
BRI TR AR AP Fe¥ S =M e R B 1 M
HR AW, 88 (PACT . B2k (PFS)®*I L) j %k
7S Sk B ERRHES S pH I RUSRE B,
Hop SR AT LR A e v e H AL Al TERS,
A B AR BB BT b 50 e s —
TRy 3k 1A O AL 2Rk v, 368 ok G S A (o A e 2k )
T SR AN 77 A v i I 1) R 7, LA K ) W Y 2t
TE P .Gao ZPHLUER J BHMR, BT H ST 3
ARSI 100% 13528 2 R XA R 12 ™ A 1 e

FEN 0.4kWh/m® A7 ML BEFIAL 5 AL 2 25 1 it (BH 5
T RAIEBEE CPAM) FAR =W (Ge 280 K Hofir A=
W)(ZE e R0 1 B >4 0 S o WA T ML 4k 2
Bt L S e 00 A ML AR LA o e 1 4
T HL A 2 R, B 8 B ORL SR AR R RS B K )
2k Wang B0 AE ] 1mg/L CPAM &5 &1
JERANEEIK Chl a W FERI A 20pg/L LR, 72 0%
L 7R R S TN T DLSE I 90% LA L 1) ok 28 95 2
B 30U SR T CPAM 5 24 70 3t SR P00 1
P, — S8 [E K0 CPAM. AT /K A BE A (6 3 T 32E
AT T BRI, b an 56 EBUR L E CPAM. A8 FH AT
AL Tmg/LUL KU SR A BB HLE AT B
2 K A 1) 87 FH ZE 0 A /D AT R T 1 2
BUR GBS BL5) T P RT, 2 5 5% KR HL I 37 7K
SCAR T AT (1 5 W AT ST DR 7 A P gk ) b 7
TR Y5 b R 5 7K AR I AV DX 4 T T R B A S5 AL
BACRVTAR 7 3 2E 2 KU

232 SR SOMER L EOR DURSRR (R AL
T e ZUHRAE) O IR AT JCHL/ A LR B
FIRE FL 2R THTREAT S0P DA S IS5 988 25 R 5 P R
ARG SO A SR BARBL L FAAE TR 1 1 v bR
e T 2 T DA R o S R e TR T R A, R R R
LU LR 5 BT I B 5 Y A kA% B R A
Bz IR 1O Pan A5PSIZE KI5 M K JZE REA T
TS R A e B K AR R G, E 3a A
XS PIRPME R 5K 4 T
WS Al AR T AR K I 2 07 m® 2K sk
PELT 3, I SEBLUK AR JE 95% 93525 22 1O Shi
2 DO p) - 86% 2% bk 2 g b vl A% S SSe MRS - JlAS by
0.02 SET0/m’ 54 GE SR B LE, e oY b T R IR 22
FLAT S 4 R R U0, oty g 4 A O B
0 R B TR 4 R A7 TG B 5 e AR AT WU
Kl v e T I R R A R AN R e A A A
Ry U0 F Al ST T PAC ool 1t e 06 v
A Py J2 ¥ S e 45 005 15 1 2 n dome c). eek
R L BOR B ARSI R 52 0%, T BRI 52 B K A4
FHIETT e 2R G A o A

2.3.3 ML SAALRIRE T HHIE(ROS) Bt
YN M, 3 00 W v R B M T s AR 1 R
A - B P 2 i A 400 ) 8 KOO8
b 2B AR S L A AT R



396 S ES 7 N A = - 45 4%

AR R R BRI A A AT D
WU SR 7 AR PR O 1 PR 2 (-OR), 2804 388 it W A 38
2,80V 3o 28 R LA = LA R 0 2 R
R E ARG A R O St A A e
TR, I IR 2R 0] A 97.5%, fH2E ) Chl a
4 50ug/L,20mg/L i A A A REAT R D I e B
A N KPS BIEE 2.3 )7 Ay m® (K 1.8m)
{2 P S UIB R 15 pg/L i 4846 &, Chl a &3 M
94.5ug/L 542 19.6pg/L 15 B30 R 4 1 TH)HE I 30d.
ANTR] TR 11 5 7K A K A i A A S o T SR AT
1E 225, 2mg/L o S8 Ak S B R) 4 BT PG 22 38 I 3
ol 100 70K A ) 2 5 8 R R 0O 98%! ML ik Ak

AL B KAR IR HU A0 B3 3AE 24h N 2 TR0 H,

A5 24h J ) Gk B AT 1O AR AU b ) K S N
S BB ARAGE H T RS X 25 5 BUR KA
LR B BOK VRS 1 K. 2 S AR 2 N T
H R IK T 2 A0 38 T 2 ity 26 B8O L
D] e K9 A AR SR LS TR
B RS A S(C0,) A B e I B 38~85mg
ClO, /mg Chl a (AR TR RIL 89%!'7,
B A AT A 2B BN M A (e & Mk
2 RO RES -5 P 420 5, S50A S M U, o UL
VE T2 R JBCBEIR AT WL, 51 T8 By 35 w7 40 5 550
FEATEY B K 22410 B S AR IR A 1 A P
A DU L Ji e 9 25 0 P A IR A AR BT B
ARG R AR RE T8 A B AR S ). S A 2 1 ST
R FLSe A w20 v B R AT AN 24 5 5 5 e
TR AR B K (A 2 A AR ok i A A A B
R TR R A5 T 3 A A R Rt T E O K AL
B T AR FHL e AT IR I S5 = e mT DA ey i 2 2
ik 2, 04 25 15 Bk s 1 T DA B A R R A MR T
R 4 400 SR AT 123 124,

2.3.4 ObfifbAl e R B
FECR SR A T A A RL = 2 AT B SR AR T g
(10 B2 R e 35 A1, 2 1 ok 0 A P i 5 4
P45 4, 5 | FE 5 A0 P S S RN R B
FH 2 80 55 AR 2 B8 52 40, B 2% 5 S50 40 M 2 v 410 1)
W K AU AN [RIRARE ) e A 7 A i ) 2 S
5 LI e A Rl 2 AR AR (TIO,) 2K
1SR B AL (- CsN) RV AR 28 D i fh B AL 1
AT F AR ] 55 R s, e — R T AR

12O A5 A 2 SRR B A S (it i U AR
A AL B A Ak B B K R REAT) 52 2 Bl A 355 DA
RAR KR MR pH H. ETHRHE
AU (R % R L AT W B 1 4 64 BB VR AE, A
3 T KA U A B DX A S A

2.3.5 MR KESHY PR TR IR L a1
J S R S A I T AT R 7K S
ML S ARG E . B e e B Y
T 9 2 5 A L 355 0, 0 1 40 1 K A B R U
U B AE AR (R RS AT | ) R 2255 KK AR R (W
FEAEIN R« UM GRS ) ) BRI 350 s e 7B R L
L S (40 ) R TS0 N B R A i
AR J5ORT 0 ¢ ok 28 8 1) A A A B T i PR A
Sy T LI A A (AA) A A S g s
SRR B AR B S B AR RSB

I JU R 1 4 T PR A A A R A L H AN 2 i
FHAD KR A It TR i A KPR

WAL 5T A O3 52 2% A AR HEE S BUAT A2 73 2 Ak
A 5 KRR A5 P 1 e 21, 1 SR T8 2 R 1)
KA R G A%, KA R R TR R ) A 24 Jo A
T TR IS B 22 5 ) A SR ) 5 P AT D R, ik
FEAZUS T 3 2 (R R AT

2.3.6  TAEMEEEE BRI A i A A
E20 = I W N 5 NN S 7/ A i PO K22 N
] P2 ¥ 15 R U 5 4 8 7 A g A T,
K73l A 4 38 SR T K A AR AR T R R AR A Rl
KUMIEDILL TOUL/L (A B 2EFRT B A I Ak FE 47
PRAUIRE: 76 38 368 S R XA R R AE S 5d 51D 100%.Jia
260492 H Trichaptum I Lopharia P31 7] LLLE
BN 24h e 2 A A R 2 A A i
I3 WA S T VR ) O S T X e S IR B
Bt AV, 2R PR RURIIRIL S
Wy I 3 T LG o 1 P B R T
B U S o P R A v 2 R
I3 N B A R RN A AR R ), A AR
W FRIE 2 B LA b g T 4 B A, TR A 2 T ) 2y
BE 1 b 78, HL A B AT 1 2% R UL AR W R
1 Sy — Pl n] P AR BRI AR W K N A B R
FLA B 0 N R 00 AR E P B A AR IR AR K
HE N A B AN L B A T K R
W IKAREY) S A ST A A AR ] e A —



13 SRR WA K K N S B BRI TRt 397

FEJEE (0 TP RN TR, G o] S B 26 0 1T 7R A /KU
MoK R RE B IR A 2 A T ) i R
LETR YR 7K A P (g G40,
2.4 NMSAEEER 4SSN

25 b A ZK U5 b K R AN [ 7K 3 ) 3 B
TR SE, M et BUIRAK IR 70 9 BBOK F s 38/ P XA X
FERUK B (R BB A A L 2 4797, I
VeSS NH L AR . USSR AR A N Sk
FROR AL SR B ISR A, 5 1 1 R BOR TR Z UL
T E K PR AT AR T 5 R B A A B RER,
YO ey A A AN T 2K Yt 3t B A 0, £ £ it SR LA £
s AR A SR AW JE DX (P BBURR A ) 2 ] KR, mT
IR THERD . It BB, F &
SN SR EAHOR KBS EOR R A AL A 5 SR AE
RN K 22 42 B LN AHE AN [ BOR R R
A AN R R A SR 5, B HE X A AR SR AR
L R K R P s 5 P R RIS T
o E 1B B K Rl BOR S B P2 2R B S
75y B R T S LB K 7 88 AEARR B i B
FEERTRE, T2 BRI B2k, il TR AN R K A B
SN S AL B HARSR A IR R A BT R AL B AR
PEVE DX (AR RIS ) 2% 8] 7K 88, P GE FH (R B R T BUR

=1 HERKIRM

SO VR P2 X BN 362 B G 2R s e
Ers AL DB . IR, TR AE
INFSY TR & NSE = 5% NUNEA A LIPING Sk 9 G e/
JRAFAEAN [ REJSE (R A A 75 A P O o v 7 2 4%
P A BN I ), LR A PR AR S 2 4 X
K. H R, 2B BN B AL B A B, (HAL
R 2 TE R PR B R, B W AR B OR R - 3
R A WIS - SURE (10370 A P B vt 2R A0 R 1
AR RN SO L, B A 10 A 2 R AN 2 AL
A2 AR A ) BRI W] LR 3 S (X K 4,
(B2 TE 72 | Bk HeAb K A2 2540, 5 5 DR AR 25 KA
AL TR A SRR — 7 T 52 24858 TR 3% B
B2, 5 —J7 M SE R BOR 5 B AT 8 25 S R, H
AR JEAIE o, 2 AL N K AR TT S 2 B R IR R
L5 SRR P AN [ 225 1) DXy AN [ RBURRORE P2 /K o0
B KR U B BRI FEE A AR [R], AW 784K
I W K N SRR S R R S s SR A RN [
FMFR M EARER . AR AEHE . FHoR
DRI 55 I8 AR 558 1), £ B 45 T S Ak
ARBEWA 1 Pros. 75 LHE R N, m Uk KK
VA O 5 o N P i o (52 U S A P W el L A
FEAEH].

ERKENSAERAR

Table 1 Overview of emergency response technologies for cyanobacterial blooms in lake and reservoir water sources

G zg SE KB BRI A HARTK HARDEA eI HARE R HeA
I8
iy, EALTES B et OPARMRHLEER 0T DK BT P 0021 R, 1 FEIBE
U b e RSN TS SRR ORI RS LI TR IR B0 R R A T

T SR P D, PR . @ B /R AR P e

TRBUE AR P AL A 5L, T 54 B WHE TR,

B e KR 3 i B U
OFTHE 4 7T 2B 15 I B N TATH L
" o R SRR I -
UK CI+ Sl K s . Sk IR B4 AMHIRERICH, L SRR S5 B LT B
2 ATHE WP 4 B A B @8R K AR I, 5 T # e VTR LT
X T B3 7 AE ““é?@” 53 BeEh 1 VR >

O BT R TRAI KL " 5% W

L L e BT K OUE R FLAR /N T RHE S S

WOK P+ BEAT L0815 R0k A

Kokt

PO AR H AR St e SRR A

R, BRI

3 mﬁ1%@@+@&%W%%%ﬁ¢hcmwﬂﬁgﬁmwaﬁg;ﬁ@ﬁ%ﬁ%ﬂ‘W%mmﬁ@m“ﬁiﬁ?mﬁ&%ﬁgﬁﬁz
WK LRI OWMEEA G ARG EEE RIS 9
P 30
AR 7 2 3T A TRk 5
30 AT R 7 4 4
mmu+ﬁ\%ﬁ%ﬁmﬁm%(Qﬂu“ﬁ;fﬁmm’* Hb Bl S P
v T . o % SR B s R
o I ey VTR o ks, KV SIS g 1 BRI
e U sk CEL R AR g g
P k) Rk ;ﬁ’ S g K R "
AL SR




398 A 45 %
g1
G zg S AR BRI HoRTR R e R R A
S A AN Sl
S0 FLRA AR KRR, SRS SR,
S T PEIX H:>0.3MPa; X . A R B
5 ﬁ; i;£+ﬁ@ﬁ¢mﬁ%%%m ®gm1» ¢ ﬁﬂ?erE@wmmmﬁmﬁwmﬁmw%;#%igfgj
it i >5m RUAESRF[R e Al
YT Bk ek e * SOMEEAE  WBETE AR
TR AT AR 4 Y
DB HARS A bl
A 5 R N BB s,
RS/ A a4 BEAARET ML
RSk SEHEAE L LIRS S
JE?Wﬁg+m&%m%$%ﬁiﬁ<Qﬁ%xi$j?ﬁﬁwj’&ﬁ%@%&%ﬁ%%#&%%ﬂ i
6 TN R e B A D VUM B IS TS R TS, T B TR o
g WK e @KWK - R PO e A
AL b B - PEAVBISERAE K OB RAFAEN e
W ARV 261 2 RGN He I IR X PR TR TR, /D
a C AEEEUK OB LR
;),%
AW A B SN ST )y
ﬂmﬁ%ﬁéwwmw(améfgﬁigfLA% MRREDSI,
L R BPEDC 0 A @m*;ﬁé%émm R O Wm;m?m%ﬁWﬁuWWﬁig%ﬁ%ﬁ&
W WK IR o o S e R TR IO 4 3 5 EVEh )
W WX ﬁﬁ%%ﬁ;ﬁwmﬁ®gﬁﬁ%&ﬁﬁﬂﬁ%%ﬁ:;$ﬁ$?E gy TIOR3 S eSS
3 KT R
MR E AR
MR B A Ak DB SR A
ywﬁg+;;£$§i;ﬁ£$‘o1‘ %gg:% W8 T s, 52 e RS T
TR ¢ LIRS KA AER 2R R KR TR P AR
VIIC ST SRR @ AT R R 1 Lo : -
S - ‘ BUIES A A BT S Jr#t
YA TS 4TS W ’
Rk & B, S o B 4 N
o B o R A e, 3 A
Rigy WK+ RO MR BDRLE A IS T R X e .
ek RS S ek BLRILHRIIE o STBREUAR BRI D1
’ S MUY AT A A IAEFM ‘ ) 5% %
sl gy OPHEATTEMCRSAER] O SF T " %
S e T £ W R K 2R A
HA& S 2N P S X .. . .
10/MEMﬁﬂ+ﬂ@m@ﬁAﬁwmt®§%§%;i;1;¢iﬁpiiﬂz;@%&ﬁﬂﬁ%%m%wmﬁﬁiﬁ%xﬂ%ﬁ
> Bal Sy R J
BRI W RIS AE A, Wit ey, PUTTRIESI RRAAE  AHRA
L Y - o TRRCE MRS
e KA R
Rt KT S PP ST o WL SEIK
‘ iWEE+ﬂﬂ%E&%ﬁwm5C)%A@*EAﬂﬁMH PEIBIEEOCE e s, o C TR b
o T @A KT (D (R RS A Rk .
WK A, Bk - o YRR W5 A 45
- R BB AR
"R
B 8, B P T
N  RBIRIE 5 T
LR ARE TR EIEEATE A
@ﬂmWﬁﬁmmm%®@“ﬁtiﬁi@$”'J@%mgﬁmw SO IR ST
B _L.OL; e N B LIS, - S
12 #E WK ﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁcﬁmﬁi%ﬁﬁmﬁﬁi M&%Eﬁm%,WMﬁﬁﬁHﬂﬁm¢§%%%%%m:t$w
BRI RITIA o ABURRASTRI WK B 374 ke
(ERA] AR %H%@ﬁi)%ﬂ‘%
it
R RH B4 71
5T MG ST ER AR 2RISR R B, R AL
(f, 2% AL 22 A | PRSI e Pt
13 ;; B ﬂm;giggzm%<3ﬁ%ﬁ%%%&%ﬂﬁ% m*iﬁgﬁT PR BRI TT KA R LR 0 5 b3
" R il B ks 3d kAR %%
@RI DT R
U AT 305 4Lk S S 0
e JEAT ARG R I AN 22 B R
y &ﬁ e %%%%ﬁﬂ%iﬁ&l®?hﬁfiwém PR e 1 B 0, T RIS KA R B, A T
U e A v WK WKMEGRE AR R
JC 14 ,:iu 3 Hﬁ S
! BobE R o PRI Vi




13 SRS TR R K YR B TR K A N A R AT U R 399
e
G ffg & AR HARRA HoRuEK BRI e AR R A
o<
i ﬁm%#m%m%&m(gﬁ”ﬁ%§§?M%ﬁ£i%WE&ﬂ@ﬁﬁ St 1a gy STTREUU B2 AR
15 (LE WBIX R s — R W T A v FIKAE ARG BRI D RSy
1 K QEEWIIBIIALE oz PR 5
RS
W PR ORBAR T E AL S ZRHL,
o LG RESACE ORGRGIERIELS BRIEIIR T
RS Y T LTRSS SO 1~7d Y >
16 i wmK ‘ s , g : " RUKAA RS0 257 BHR SR b
. LD I, @A IR R Rk BN
KRR R AT, i I

3 HZIRERE

FENUEE TR P i S A 4R
B INEA USES 2R oY RS LY R Y SN
R PSSR vt KD B R R SR B 1570
RN SR BRSO 1 NS A B A E
JE A JEVIRE BN R P s 2 Ay iRk 280F

RO AL BB U RS 1. AR SO S AT 1A
IKAER A B, T BRSO PO 5. FABEN 3R
R AR BRI =5 T (BRI A, DT TR AU
AN ZE A XA AN [RIRBURE BE KA I PR AN R )
I AR B A LA AL R AR Sy 2Kl
5377 2 AT By T N 2 ARSI, S B AR 1
[ RS N SSE EHOR.

é P JRAOR, RIFEH

B o o om,
B L YRR

%‘;‘ﬁ: FIASE, Bk
i

THie ATV ATHEBUKYE —

%iﬁ: SHHOK B, JagoK

Rl

U

i cor sk
s

BT

& . ke, %
TR

GIFIMHe: FARKAESE
£IX,

KA E

(A ATE: WM

<~ B WAL

Fig.1

KU AR AR TT e N S AL L, 7 LR 5 18
PN T3 T PR 3 8 ] A — 2 X AT B K AR [ 2 )
IR T PR AT AT R N S A B, R A A
B A A DA (10 225 ) 7K G Ay A T XU 5 4 A
Bk N A BN A (B R ) R
ELZE T R S35 7K e R P PR I 2 Ak 4 it T T
BRI B A B, R 2 2 AN SR AN [l KB S A
PR R 2802 A I B T By, DL IE PR AR 3 4
P K ARE SR (A P 1 o) A6 TR KA

BT RS K ARAN 7] K3 b B B 7R

Schematic diagram of emergency treatment technology selection in different water areas

DRI B I R P9 (o B S AR ERR 12
JE): 2R T IR A 3 K B e DA, i e S
BEI T RE T AR B K N S A B R KRS
IR SEE A 190 3811 SE B DR, 128 40 T e 482 1) XU B 3
S8 A 2 7 2 AR AR T S AN RS B Y AR s
SN, T £ 5 R W B K U (1 DX SRR A L 7K
E /R /NN S0/ 2 7 N/ S o A L ES DR
TRHAA 8D SRS S o T 50 A A R PR, S B /K A
F 28 A ST LA FN PR el e, B0 ok Mo 0 R



400

o[ F

ST
5%

B

45 %%

G IV AL B S 4 5 ) 0, B
TS £ A R e 25 1 PP S22 R 0 ek .,
L35 54 2 T MR 7 9 R O A, 1 K
Ny 2 A B B NI B R R R
e £ v B K 30010 2 25 06 S 5 A R A A
7S P20 A K M U L A 2

UK H AT IS Sk e S B A T B 2 Fh 4
BEAEIE K2 B A K 2 R G5 UK 1 1B 2
SRS [R5 0 T4 2 56 P 4 22 4
7 A B R AT BT A A e 0 e
2 A At F R RS B AR
FEA7AE A FERR 15 10 10, 76 I b L % (R 98
AR ) SR T B A7 2 s e 2 AR
o .52 T R 2 AT T K A 22 R
¢ ) A BT B EL A i LA K S R 2
U R — P R (R A R R L
IHE AL B B2 L P
P25 7 B L B B A 19 8 R K Ui
T K S 7 2 A R T o P 5 s U504 i
R 42 AR M0 050 B 0 T I AL B R
I S A T A S B A T AR
VAR A . KA SR A B R
Y14 8T FE U WK HE I 2 A B R FR R 15 KSR
KB Kot 2

EpaN

[1] Michael L P, Ryan D B, Cal D B, et al. Reversal of a cyanobacterial
bloom in response to early warnings [J]. PNAS, 2017,114:6.

[2] Ho J C, Michalak A M, Pahlevan N. Widespread global increase in
intense lake phytoplankton blooms since the 1980s [J]. Nature, 2019,
574(7780):667-670.

[3] Merder J, Harris T, Zhao G, et al. Geographic redistribution of
microcystin hotspots in response to climate warming [J]. Nature Water,
2023,1(10):844-854.

[4] SO0 Z2 AV B8RSR A W K R R S Wi iz 3 3 ().
IKFIZAR, 2023,54(8):987-996.

Shi W Q, Qin B Q. Development trends and control strategies of

cyanobacterial blooms in lakes and reservoirs under climate change [J].

Shuili Xuebao, 2023,54(8):987-996.

[5] Huang J, Zhang Y, George B A, et al. The magnitude and drivers of
harmful algal blooms in China's lakes and reservoirs: A national-scale
characterization [J]. Water Research, 2020,181:115902.

[6] AEASHIE.2022 4 H AL S EDIR DL A ), 2023 [R].

Ministry of Ecology and Environment. China's ecological and

environmental status bulletin 2022, 2023 [R].

(7

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Jef H, Geoffrey A C, Hans W P, et al. Cyanobacterial blooms [J].
Nature Reviews Microbiology, 2018,16(8):471-483.

SRR K U5 K PR R 980t i 5 B B AR K IR 0], ¥4
KEAR, 2019,38(12):1-5.

Liu J L. Research progress on water quality of water source reservoirs
and current status of representative reservoirs in China [J]. Water
Purification Technology, 2019,38(12):1-5,45.

B W7 B R A5 K B N U B VA SRR e R
[7]. IR HIR, 2023,45(5):108-115.

Chen X, Hu S H, Chen X F, et al. Progress on methods and
technologies for the emergency treatment of cyanobacterial blooms [J].
Environmental Science & Technology, 2023,46(5):108-116.

Mutoti M, Jabulani G, Afam I. Occurrence of cyanobacteria in water
used for food production: A review [J]. Physics and Chemistry of the
Earth, Parts A/B/C, 2022,125.

Backovic D, Tokodi N. Blue revolution turning green? A global
concern of cyanobacteria and cyanotoxins in freshwater aquaculture: A
literature review [J]. Journal of Environmental Management, 2024,
360:121115.

Harris D, Reinl L, Azarderakhsh M, et al. What makes a
cyanobacterial bloom disappear? A review of the abiotic and biotic
cyanobacterial bloom loss factors [J]. Harmful Algae, 2024,133:
102599.

Balaji P, Wang Y, Su Y, et al. Methods to control harmful algal blooms:
a review [J]. Environmental Chemistry Letters, 2022,20(5):3133~
3152.

Kibuye A F, Zamyadi A, Wert C E. A critical review on operation and
performance of source water control strategies for cyanobacterial
blooms: Part II-mechanical and biological control methods [J].
Harmful Algae, 2021,109:102119.

Ren B, Weitzel K A, Duan X, et al. A comprehensive review on algae
removal and control by coagulation—based processes: mechanism,
material, and application [J]. Separation and Purification Technology,
2022,293:121106.

Petra M V, Bas W I, Myriam B, et al. Artificial mixing to control
cyanobacterial blooms: a review [J]. Aquatic Ecology, 2015,50(3):
423-441.

Ghernaout B, Ghernaout D, Saiba A. Algae and cyanotoxins removal
by coagulation/flocculation: A review [J]. Desalination and Water
Treatment, 2012,20(1-3):133-143.

Chen S W, XuJ C, Liu J, et al. Algae separation from urban landscape
water using a high density microbubble layer enhanced by micro—
flocculation [J]. Water Science & Technology, 2014,70(5):811-818.
Wang C B, Cai Q J, Li Y, et al. Simultaneous removal of
cyanobacterial blooms and production of clean water by coupling
flocculation with a rotary drum filter [J]. Environmental Science and
Pollution Research, 2021:13664.

Cong H B, Sun F, Chen W J, et al. Study on the method and
mechanism of pre—pressure coagulation and sedimentation for
Microcystis removal from drinking-water sources [J]. Environmental
Technology, 2018,39(4):433-449.

FUEHL & 6 KBRS E IR KT B LR K S8
x (1], F&FER, 2005,25(3):589-595.



SRS

P R I K A N S A BB T

401

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

Kong F X, Gao G Hypothesis on cyanobacteria bloom—forming
mechanism in large shallow eutrophic lakes [J]. ACTA ECOLOGICA
SIN ICA, 2005,25(3):589-595.

MR W1, AN A, B 198 S0, 55 A ' P86 o U/ v 0 ¢ ol 2 o4 46 e 11 410
HIER (0], H EEREIRLE, 2007,27(3):352-355.

Chen X C, Sun Y C, Zeng X W, et al. The inhibition of low light
intensity on the growth of Microcystis aeruginosa in raw water [J].
China Environmental Science, 2007,27(3):352-355.

FOOKBE, I AR, S5 TR B T AL AR L
IR [1]. SABE2EAS 2, 2023,5(7):79-86.

Guo Y Q, Meng H, Deng D L, et al. Research progress on effects of
climate warming on the growth, metabolism and mechanism of
Microcystis [J]. Environmental Ecology, 2023,5(7):79-86.

LuJP SuM, SuY L, et al. MIB—derived odor management based
upon hydraulic regulation in small drinking Water Researchervoirs:
Principle and application [J]. Water Research, 2023,244:120485.
WoOBLEEEEE X LA B TT SO0 K S E B (Microcystis
flos—aquae) FFAA R /NIIFENA [J]. WIIAFRFFE, 2019,31(2):355-364.
Rui Z, Yang G J, Liu Y, et al. Effects of disturbance modes on the size
of Microcystis flos—aquae colonies [J]. Journal of Lake Sciences, 2019,
31(2):355-364.

SR B AR AL 22 TE R, 5 9 X i v K AR i B WL 43 A
[7]. FREERI, 2018,39(2):774-782.

Liu X Y, Song L X, Ji D B, et al. Effect of the rainfall on extinction of
cyanobacteria bloom and its mechanism analysis [J]. Environmental
science, 2018,39(2):774-782.

W= AR G, SO A AR 2 SR T R T B RN K R
FKAHER I [7]. WIFEY, 2023,35(2):519-529.

Chen Y Q, Cui Y J, Huang H, et al. Rainfall impact on the
disappearance of algal blooms in Xiangxi River of Three Gorges
Reservior under stratified density current [J]. Journal of Lake Sciences,
2023,35(2):519-529.

Pfeifer F. Distribution, formation and regulation of gas vesicles [J].
Nature Reviews Microbiology, 2012,10(10):705-15.

Sandrini G, Tann P R, Schuurmans J M, et al. Diel Variation in gene
expression of the CO,—concentrating mechanism during a harmful
cyanobacterial bloom [J]. Frontiers in Microbiology, 2016,7:551.
Maayke S, Jef H, Floris D J, et al. Adaptive divergence in pigment
composition promotes phytoplankton biodiversity [J]. Nature, 2004,
432:104-107.

Qian H F, Li J, Sun L W, et al. Combined effect of copper and
cadmium on Chlorella vulgaris growth and photosynthesis—related
gene transcription [J]. Aquatic Toxicology, 2009,94(1):56-61.

SR MR RS A A R B R DR A A e L
(7], TolksKAbEE, 2024,44(2):11-16.

Jin J 'Y, Huang X W, Cao J, et al. Review on the current situation of
algaecides for Microcystis aeruginosa: Performance and mechanisms
[J]. Industrial Water Treatment, 2024,44(2):11-16.

Ou H S, Gao N 'Y, Deng Y, et al. Mechanistic studies of Microcystis
aeruginosa inactivation and degradation by UV-C irradiation and
chlorination with poly-synchronous analyses [J]. Desalination, 2011,
272(1-3):107-119.

JA WA T R i, A5 T AR A ) A S0 S T R A T 280

[33]

[36]

[37]

[38]

[39]

[40]

[41

[42]

[43]

[44

[43]

BAVHIBFTCRERE [7]. R AEAER, 2018,29(5):1715—1724.

Zhou L, Fu Z S, Chen G F, et al. Research advance in allelopathy
effect and mechanism of terrestrial plants in inhibition of Microcystis
aeruginosa [J]. Chinese Journal of Applied Ecology, 2018,29(5):1715
—1724.

KWK, A, A A 2 AR R RO U AR )
BORBAE 730 (7). AR 2R, 2023,47(12):1-10.

Liu X, Xu L, Wang C B, et al. Inhibition effect and mechanism of
bacillus subtilis frementation broth on Cylindrospermopsis Raciborskii
[J]. Acta Hydrobiologica Sinica, 2023,47(12):1-10.

Zhou T R, Cao H S, Zheng J, et al. Suppression of water-bloom
cyanobacterium Microcystis aeruginosa by algaecide hydrogen
peroxide maximized through programmed cell death [J]. Journal of
Hazardous Materials, 2020,393:122394.

Wang D, Xie L L, Zhu X B, et al. Study on the metabolites of DH-e, a
Halomonas marine bacterium, against three toxic dinoflagellate
species [J]. Water Science & Technology, 2018,78(7):1535-1544.

Box A, Sureda A, Terrados Je, et al. Antioxidant response and
caulerpenyne production of the alien Caulerpa taxifolia (Vahl)
epiphytized by the invasive algae Lophocladia lallemandii (Montagne)
[J]. Journal of Experimental Marine Biology and Ecology, 2008,364
(1):24-28.

B RGWIZE T 3 53,55 A R KR (K 3 - 28 AR
BWETT (1] WAREE, 1997,9(2):159-167.

PuP M, Hu W P, Pang Y, et al. A physico—chemical engineering
experiment for purification raw water quality in a lake [J]. Journal of
Lake Sciences, 1997,9(2):159-167.

ZEAA R, BT 500 TS, 45 K I A U5 /K T A 1 2 2 TR iR
G [J]. FRBERLA2AAR, 2007,27(1):5-12.

Qin B Q, Hu W P, Liu Z W, et al. Ecological engineering experiment
on water purification in drinking water source in Meiliang Bay Lake
Taihu [J]. Acta Scientiae Circumstantiae, 2007,27(1):5-12.
BB, 77 96 2%, A0 A 40, A5 DR Vb T /K DAY 760 35 0 43 T 43 AT R AE
[I]. &R, 2020,39(7):2348-2355.

Xue X G, Fang g h, Zou C J, et al. Diel vertical distribution patterns of
Raphidiopsis raciborskii in Dashahe Reservoir [J]. Chinese Journal of
Ecology, 2020,39(7):2348-2355.

ERAR R WD B KT 5 ATO T BB R e w (AL TR [9].
TR K, 2023,54(3):57-61.

Qian P S, Xie Z Z. Engineering application of AIO salvage technology
for blue—green algae in Taihu lake and high-value utilization of algal
mud [J]. Industrial water & wastewater, 2023,54(3):57-61.

ARIGRAHE, B B 0, AO AN W I DR AUR R BRI S BLIR S ().
o B BRI SCAEZR, 2009,4(5):362-366.

Zhu X Y, Lv X W, Zhu G C. Current status and future prospect of
anaerobic fermentation technology for blue algae [J]. Sciencepaper
Online, 2009,4(5):362-366.

o BRI REERO PRI (7], HoKEOR, 2021,40(5):22
—27.

Han Y. Application of membrane technology in microalgae harvesting
[J]. Water Purification Technology, 2021,40(5):22-27,130.

Shao, P H, Ken D, Thom M, et al. Algae-dewatering using rotary

drum vacuum filters: Process modeling, simulation and techno-



402 A 45 4
economics [J]. Chemical Engineering Journal, 2015,268:67-75. cyanobacteria blooms control technology in lakes and reservoirs [J].

[46] QuF S, Du X, Liu B, et al. Control of ultrafiltration membrane fouling Journal of Environmental Engineering Technology, 2024,14(2):487-
caused by Microcystis cells with permanganate preoxidation: 500.

Significance of in situ formed manganese dioxide [J]. Chemical [58] Msp P g8 )] i A 0 O] Aol B 1) 5% e e G AR A8 AU R 1)
Engineering Journal, 2015,279:56-65. [I]. AKAA&AARE, 2020,41(6):65-69.

[47] Aramaki T, Watanabe M M., Nakajima M, et al. Bench-scale Yang C P, Huo Y, Liu J, et al. Effects of pressure on Microcystis and
dehydration of a native microalgae culture by centrifugation, its ecological risk [J]. Journal of Hydroecology, 2020,41(6):65-69.
flocculation and filtration in Minamisoma city, Fukushima, Japan [J]. [59] fERRFE M I, A AT, 256 MR T 35 O 25 I (0 I SR m 34 5T (7).
Bioresource Technology Reports, 2020,10:100414. BRI, 28(12):2695-2699.

[48] %% )3 4d, 1 4liyl A7 W, 458 . 2 % Y Ak B Xt 2 Y AL Al o 906 1 32 i Chu Z S, Yang B, Jin X C, et al. Critical collapse pressure of gas
[]. HEEREE SRR, 2019,42(5):13-19. vesicles in six strains of cyanobacteria [J]. Environmatl science,
Cai Q J, Wang C B, Yang T T, et al. Effect of pre—flocculation on the 28(12):2695-2699.
performance of mechanical filter in removal of Microcystis [J]. [60] JTLHE, BT, A it 72, 25 A B U - TP i s 428 1) 8 3 A K R
Environmental Science & Technology, 2019,42(5):13-19. W5 (3], MEevE 45 BivR, 2021,43(9):1108-1113.

[49] Z=3CHH Wi O i ARAIE, 55 R AR 45 Ak 2K T 8 389 I 132 4% [P]. 2011: Chen F R, Chen X Q, Zhu Z C, et al. Research on the technology of
. controlling the growth of cyanobacteria under dual-tank parallel
Li W C, Yang Q X, Pan J Z, et al. Large-scale biomimetic pressurization with microenergy consumption [J]. Environmental
Cyanobacteria removal equipment for water surfaces [P]. 2011: China. Pollution & Control, 2021,43(9):1108-1113.

[50] Wang C B, Cai Q J Feng B, et al. Improving the performance of [61] BRBAIM, A 25 AHIE T, S5 8 P s SRR IR SR [3]. R
shipboard rotary drum filters in the removal of cyanobacterial blooms 5 TREROR 2], 2020,10(1):72-78.
by cationic polyacrylamide flocculation [J]. Separation and Chen HL, Li Y, Chu Z S, et al. Present situation and research progress
Purification Technology, 2019,215:660-669. of ultrasonic algae control technology [J]. Journal of Environmental

[S1] SEWERIBE &, b, 55 P e Moo sk AR A8 1) A e 5 Ty Lt Engineering Technology, 2020,10(1):72-78.
fE [7). AR, 2017,46(6):1027-1032. [62] BRBAAR IR Sk, S 7 I 0 VR 0 3 O 2 A AR DL R P
Wu X T, Tao Y, Zhou C W, et al. The microalgae harvesting efficiency REMIRZI [J]. PRBE LRE2%4R, 2020,14(1):43-51.
and fouling characterization with ceramic ultrafiltration membrane [J]. Chen HL, Ye B B, Wu Y, et al. Effects of ultrasonic treatment on gas
Applied Chemical Industry, 46(6):1027-1032. vesicles and settleability of Cyanobacteria from Dianchi Lake [J].

[52] Shekhar M, Shriwastav A, Bose P, et al. Microfiltration of algae: Chinese Journal of Environmental Engineering, 2020,14(1):43-51.
Impact of algal species, backwashing mode and duration of filtration [63] E L8 A LR AR AE K B b i N 04 0] N ERGER
cycle [J]. Algal Research, 2017,23:104-112. 11, 2015,4:88-90.

[53] Liu Y, Wang Y L, Hu S, et al. Quantitative evaluation of lake Yan L. Preliminary Study on the Application of ultrasonic resonance
eutrophication responses under alternative water diversion scenarios: a technology in algae inhibition in reservoirs [J]. People's Pearl River,
water quality modeling based statistical analysis approach [J]. Science 2015,4:88-90.
of The Total Environment, 2014,468-469:219-27. [64] B #,AH Hh f F BoFT IE SE AE I (], 2009 SEThAGE I8

[54] JA AN G, A5 BT 5 IVLHF R TR K A 2 A BT 5 S04, 2009:58-61.

[7]. A 54253858, 2017,11:142-144. Chen J, Chen W Z. Effects of ultrasound on planktonic cyanobacteria
Zhou Jie, Ren Xiaolong, Yang Jinyan, et al. Impact of the Yangtze— [J]. Proceedings of the 2009 Power Ultrasound Conference, 2009:
to-Taihu Water Diversion Project on the aquatic ecological 58-61.

environment of Wangyu River [J]. Agriculture and Ecological [65] fEREFE, PE &, AU I, 55 R 7 45 v S R K AR AR RS R AT
Environment, 2017,11:142-144. [7]. FREERFFE2AR, 2008,28(7):1335-1339.

[55] BEEEM, R AF, T HEMS, 55 3 K Wl SR AR R 7K 2 388 288 1 73 1) Chu Z S, Pang Y, Zheng S F, et al. Algal control by ultrasonic radiation
[7]. FREE TRE2A4R, 2017,11(4):2255-2260. anf its risks to the aquatic environment [J]. Acta Scientiae
Huang T L, Zhu Q, Qiu X P, et al. Algae control by water-lifting Circumstantiae, 2008,28(7):1335-1339.
aerator in Zhoucun reservoir [J]. Chinese Journal of Environmental [66] Zhou Y C, Huang H, Wang J, et al. Vaccination of the grouper,
Engineering, 2017,11(4):2255-2260. Epinephalus awoara, gainst vibriosis using the ultrasonic technique [J].

[56] R, FEM, R LK S B ARLE K B KPR K 5 B Aquaculture International, 2002,203:229-238.

MNH ], HEgKHDK, 2022,38(8):31-37. [67] Irem D Y, Malak S F, St'Ephane B, et al. Bubble functionalization in
Zhai Z Q, Huang T L, Chen F. Application of water-lifting aeration flotation process improve microalgae harvesting [J]. Chemical
technology in water quality improvement of water diversion reservoir Engineering Journal, 2023,452:139349.

[J]. China Water & Wastewater, 2022,38(8):31-37. [68] Henderson R K, Parsons S A, Jefferson B. The Potential for Using

[57] & fiEE BB AR KRR R R L I R Bubble Modification Chemicals in Dissolved Air Flotation for Algae

B O[1]. MBS TREEOR 2R, 2024,14(2):487-500.

Cao J, Yuan J, Zhao L, et al. Development, application and prospect of

Removal [J]. Separation Science and Technology, 2009,44(9):1923~
1940.



1 )RR I P TR KR 35 K Y A B BRI S0 403
[69] Zhang M, Wang Y F, Wang Y Q, et al. Efficient elimination and charge neutralisation—a review [J]. Desalination and Water Treatment,

[70]

(71

(721

[73]

[74]

[75]

[76]

(771

[78]

(791

[80]

[81]

[82]

[83]

re-growth inhibition of harmful bloom—forming cyanobacteria using
surface—functionalized microbubbles [J]. Water Research, 2019,161:
473-485.

Xu K W, Zou X T, Chang W J, et al. Microalgae harvesting technique
using ballasted flotation: A review [J]. Separation and Purification
Technology, 2021,276:119439.

Laamanen A C, Ross M G, Scott A J. Flotation harvesting of
microalgae [J]. Renewable and Sustainable Energy Reviews, 2016,58:
75-86.

Wang Y L, Wang X L, Tian L P, et al. Removal effect and mechanism
of amphiphilic chitosan modified microbubbles on Microcystis
aeruginosa [J]. Journal of Water Process Engineering, 2022,46:
102585.

Féris L A, Gallina C W, Rodrigues R T, et al. Optimizing dissolved air
flotation design and saturation [J]. Water Science and Technology,
2001,43(8):145-157.

Wang S K, Stiles A R, Guo C, et al. Harvesting microalgae by
magnetic separation: A review [J]. Algal Research, 2015,9:178-185.
Bitton G, Fox J L, Strickland H G. Removal of algae from Florida
lakes by magnetic filtration [J]. Applied Microbiology, 1975,30(6):
905-908.

Toh P Y, Yeap S P, Kong L P, et al. Magnetophoretic removal of
microalgae from fishpond water: Feasibility of high gradient and low
gradient magnetic separation [J]. Chemical Engineering Journal, 2012,
211-212:22-30.

ORI RO e K IET Y BFC MM R 251K
BT [J]. P ESKHK, 2017,33(23):44-46.

Cai Y, Chen W, Liu C. Magnetic separation and water purification
technology using novel magnetic seed for algae—rich water [J]. China
Water & Wastewater, 2017,33(23):44-46.

Ge S J, Agbakpe M, Zhang, et al. Recovering magnetic Fe;0,-ZnO
nanocomposites from algal biomass based on hydrophobicity shift
under UV irradiation [J]. ACS Appl Mater Interfaces, 2015,7(21):
11677-82.

VR, AN A SR, 5 MOGIE R Th BT T (1], BRBER
R, 2007,27(11):1830-1834.

Chen X C, Sun Y C, Zhang H C, et al. Pilot scale alga control by light
shading [J]. Acta Scientiae Circumstantiae, 2007,27(11):1830-1834.
SRR, ROL R4 AR ADER IR F EK LR 1], PR
R 5HR, 2015,38(9):53-59.

Zhou Q C, Song L R, Li L. Effect of shading on the algal blooms
during spring in Lake Dianchi, China [J]. Environmental Science &
Technology, 2015,38(9):53-59.

Zhou Q C, Chen W, Shan K, et al. Influence of sunlight on the
proliferation of cyanobacterial blooms and its potential applications in
Lake Taihu, China [J]. Journal of Environmental Science (China),
2014,26(3):626-35.

Cai Q J, Song K Z, Tian C C, et al. Harvesting of Microcystis from
waterbody by flocculation and filtration: the essential role of
extracellular organic matters [J]. Journal of Water Process Engineering,
2021,41:102053.

Ghernaout D, Ghernaout B. Sweep flocculation as a second form of

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[o1

[92]

[93]

[94]

[95]

[96]

[97]

2012,44(1-3):15-28.

Choi SK, Lee J Y, Kwon DY, et al. Settling characteristics of problem
algae in the water treatment process [J]. Water Science & Technology,
2006,53(7):113-9.

Pan R, Huang Y X, Ao J, et al. A molecular—level mechanism analysis
of PFS coagulation behaviors: Differences in natural organic matter
and algal organic matter [J]. Separation and Purification Technology,
2023,314.

Tsai M H, Liang W L, Hua L C, et al. Influence of Al/Fe-based
coagulant dosing sequences on floc formation and settling behavior in
algae—laden water [J]. Environmental Science: Water Researchearch &
Technology, 2022,8(1):127-138.

Tian Chang, Zhao Yan-Xia, Dosage and pH dependence of
coagulation with polytitanium salts for the treatment of Microcystis
aeruginosa-laden and Microcystis wesenbergii-laden surface water:
The influence of basicity [J]. Journal of Water Process Engineering,
2021,39.

Zhao Y X, Gao B Y, Cao B C, et al. Comparison of coagulation
behavior and floc characteristics of titanium tetrachloride (TiCl4) and
polyaluminum chloride (PACI) with surface water treatment [J].
Chemical Engineering Journal, 2011,166(2):544-550.

XUME VK, E A A 7RIS 8 R IR BRI AT A 47 S R s I
[7]. FEERFA2AAR, 2020,40(12):4249-4262.

Liu L B, Wang X, Yang C G, et al. The analysis of dominant species in
aluminous coagulants and their coagulation properties [J]. Acta
Scientiae Circumstantiae, 2020,40(12):4249-4262.

Liu R P, Guo T T, Ma M, et al. Preferential binding between
intracellular organic matters and Al13 polymer to enhance coagulation
performance [J]. Journal of Environmental Sciences, 2019,76:1-11.
Kabdagh I, Arslan A 1, Olmez H T, et al. Electrocoagulation
applications for industrial wastewaters: a critical review [J].
Environmental Technology Reviews, 2012,1(1):2-45.

Gao S S, Yang J X, Tian J Y, et al. Electro—coagulation—flotation
process for algae removal [J]. Journal of Hazardous Materials, 2010,
177(1-3):336-43.

Zang X M, Zhang H Y, Liu Q L, et al. Harvesting of Microcystis
flos—aquae using chitosan coagulation: Influence of proton—active
functional groups originating from extracellular and intracellular
organic matter [J]. Water Research, 2020,185:116272.

Jin Y, Pei HY, Hu W R, et al. A promising application of chitosan
quaternary ammonium salt to removal of Microcystis aeruginosa cells
from drinking water [J]. Science of The Total Environment, 2017,
583:496-504.

Nie Y, Zhou Z, Zhao C, et al. A unique fungal bioflocculant isolated
from food processing solid waste provides its insight into turbid water
flocculation [J]. Journal of Environmental Chemical Engineering,
2023,11(6).

Abdul H S H, Lananan, Khatoon, et al. A study of coagulating protein
of Moringa oleifera in microalgae bio—flocculation [J]. International
Biodeterioration & Biodegradation, 2016,113:310-317.

MalY, Xia W, Fu X, et al. Magnetic flocculation of algae-laden raw

water and removal of extracellular organic matter by using composite



404 L ES 2N

R 45 %

flocculant of Fe;Oy/cationic polyacrylamide [J]. Journal of Cleaner
Production, 2020,248:119276.

[98] Pan G, Miao X J, Bi L, et al. Modified local soil (MLS) technology for
harmful algal bloom control, sediment remediation, and ecological
restoration [J]. Water, 2019,11(6).

[99] Wang H L, Yu Z M, Cao X H, et al. Fractal dimensions of flocs
between clay particles and HAB organisms [J]. Chinese Journal of
Oceanology and Limnology, 2011,29(3):656-663.

[100148 3% 40,08 7 9 b L AL BR BRI [J]. R R A,
2009,30(2):407-410.

Zou H, Pan G, Cheng Z B. Removal of algae using local soils and
sediments [J]. Environmental science, 2009,30(2):407-410.

(1O AR 2 44, e IO, AT A8 SR A1 7 R Bkt B K T S VP A< K

WA (1], RS 5EOK, 2020,43(3):206-213.
Zou C J, Xue X G, Zhu D P, et al. Evaluation of modified red soil for
algal bloom removal and water quality improvement—in situ in a
reservoir [J]. Environmental Science & Technology, 2020,43(3):206-
213.

[102]Shi W Q, Tan W Q, Wang L J, et al. Removal of Microcystis
aeruginosa using cationic starch modified soils [J]. Water Research,
2016,97:19-25.

[103) 4 1E, R 75 5%, i 75 W 5Pk 1 25 BR AR 2R 4 B Hon) 3= B A E )
R [J]. FREERLAE, 2004,25(5):148-152.

Cao X H, Song X X, Yu Z M. Removal efficiency of red tide
organisms by modified clay and its impacts on cultured organisms [J].
Environmnetal Science, 2004,25(5):148-152.

(1041 H 4, A0, b 58,45 D CSCPIRY 1 25 B AR (A TR A £ B B B 1
FeA (1. WivAREE, 2009,21(5):669-674.

Tian J, Song B Y, Lin C, et al. Removal of colonial Microcystis
aeruginosa using two kinds of modified clays [J]. Journal of Lak
Science, 2009,21(5):669-674.

(105 R /NAS, 56 L PAC SRl e A HE S B /K HE X /KBRS 1R 5%
Wi (7). AR, 2017,29(2):343-350.

Zhou Q, Yang X J, Han S Q. Impacts of PAC modified clay applied in
the control of cyanobacteria bloom and left in water on water
environment [J]. Journal of Lake Science, 2017,29(2):343-350.

[106]Ma M, Liu R P, Liu H J, et al. Chlorination of Microcystis aeruginosa
suspension: cell lysis, toxin release and degradation [J]. Journal of
Hazardous Materials, 2012,217-218:279-85.

[107]Xie P C, Chen Y Q, Ma J, et al. A mini review of preoxidation to
improve coagulation [J]. Chemosphere, 2016,155:550-563.

[108]Gu P, Wang Y T, Wu H Q, et al. Efficient control of cyanobacterial
blooms with calcium peroxide: Threshold and mechanism [J]. Science
of The Total Environment, 2023,882:163591.

[109)H L2 AL 2L A S AR I B Ko LI LB (D). 0
[ AT KA K H, 2004,2:47-48.

Dong W Y, Du H. Principles of the hydrogen peroxide oxidation
method and its application in organic matter removal [J]. China Rural
Water and Hydropower, 2004,2:47-48.

[110]Faith A K, Arash Z, Eric C W. A critical review on operation and
performance of source water control strategies for cyanobacterial
blooms: Part I-chemical control methods [J]. Harmful Algae,

2021,109:102099.

(111 Ak e 2 ok i SR A Sl FIARU A 52 1 g U e 2 o v B PO T
[7]. #EKEA, 2010,4(1):17-20.

Zhao C L, Hou X L. Removal of oscillatoria tenuis by kaolin and PAC
pre—oxidized with hydrogen peroxide [J]. Water Technology, 2010,
4(1):17-20.

[LI2) e WL, SN, A A 2 S A TR K AR B R PR R 9T (9]
T EFRERFE, 2018,38(11):4307-4313.

Chne C, Fan F, Shi X L, et al. Research on the control of chemical
oxidants over water-blooming cyanobacteria [J]. Chian Environmental
Science, 2018,38(11):4307-4313.

[TI3)ERP, 50 58 i, 55 S A S B/ R KR B B K AR TR R
WA 1. ARERIT, 2019,40(11).

Wang Y P, Guo X, Xie R, et al. Evaluation of the effectiveness of
hydrogen peroxide in eliminating cyanobacterial blooms in small
water bodies [J]. People's Pearl River, 2019,40(11).

[114]Hans C P M, Petra M V, Bart R, et al. Selective suppression of harmful
cyanobacteria in an entire lake with hydrogen peroxide [J]. Water
Research, 2012,46(5):1460-72.

[115]Barroin G. Lake treatment with hydrogen peroxide, in hypertrophic
ecosystems: S.I.LL [R]. Workshop on hypertrophic ecosystems held at
Vixjo, September 10-14, 1979. Springer Netherlands: Dordrecht,
1980:287-294.

[116]Zhen Y, Riley P B, Edna G F, et al. Hydrogen peroxide treatment
promotes chlorophytes over toxic cyanobacteria in a hyper—eutrophic
aquaculture pond [J]. Environmental Pollution, 2018,240:590-598.

(117120, O, T TR B, 88 AL SURBERRERT AT (7], (I ROR 22
(L2, 2004,34(5):104-108.

Pei HY, Hu W R, Ding G J, et al. The characters of algae-killing with
chlorine dioxide [J]. Journal of Shandong University (Engineering
Science), 2004,34(5):104-108.

[118]Ma M, Liu R P, Liu H J, et al. Effects and mechanisms of pre—-
chlorination on Microcystis aeruginosa removal by alum coagulation:
Significance of the released intracellular organic matter [J]. Separation
and Purification Technology, 2012,86:19-25.

[119]Dong F L, Li Q F, Li C, et al. Impacts of pre-oxidation on the
formation of disinfection byproducts from algal organic matter in
subsequent chlor(am)ination: A review [J]. Science of The Total
Environment, 2021,754:141955.

(1201901 A, i T 25, 28 3, 55 OS5 v P T T4 A Ak AT s 1)

BOKJEAK ] T EKHEK, 2015,31(11):118-123.
Sun Z W, Gao N Y, Wang Y L, et al. Comparative Study on
Prechlorination and Potassium Permanganate Preoxidation in
Treatment of Source Water from Wuhu Section of Yangtze River [J].
China Water & Wastewater, 2015,31(11):118-123.

[12115% 2. REIR SE AR BB K K IR g 0], Tk 4y
R, 2005,31(10):25-27.

Fan J. Research progress on pre-treatment of lake and reservoir water
with ferrate [J]. Industrial Safety and Environmental Protection,
2005,31(10):25-27.

[122]Brian B. Reaction of chlorine with organic polyelectrolytes in water
treatment: A review [J]. Journal of Water Supply: Research and
Technology—AQUA, 2005,54:531-544.

[123]5K AR RIEAR 5K 5, 58 i BR TR B0 T S P i P VR BRE Ak R A R B ML



1 4 R

P R I K A N S A BB T 405

FIFSE (3] P ESKEEK, 2019,35(15):31-36.

Zhang Z X, Song H R, Zhang W, et al. Efficiency and mechanism of
algae removal by potassium ferrate pre—oxidation enhanced
coagulation [J]. China Water & Wastewater, 2019,35(15):31-36.

[124)7PIHT, A B R &S5 S AR ) iDL VR W A A T v B K
IRBERIFEM [J]. KAR2EAE, 2022,43(6):35-42.

Zhang Y H, Li B, Song G F, et al. Effects of calcium peroxide on the
phytoplankton community and water quality of Donghu Lake, Wuhan
[J]. Journal of Hydroecology, 2022,43(6):35-42.

[125]Harshavardhan M, Sethumathavan V, Saravanan R. Removal of
harmful algae in natural water by semiconductor photocatalysis— A
critical review [J]. Chemosphere, 2022,302:134827.

[126]Liu I, Linda A L, Ben C, et al. Mechanistic and toxicity studies of the
photocatalytic ~oxidation of microcystin-LR [J]. Journal of
Photochemistry and Photobiology A: Chemistry, 2002,148:349-354.

[127]Sun S Q, Tang Q X, Yu T P, et al. Fabrication of
2-C(3)N(4)@Bi(2)MoO(6)@Ag! floating sponge for photocatalytic
inactivation of Microcystis aeruginosa under visible light [J].
Environmental Research, 2022,215(Pt 1):114216.

[128]Jiang T, Wang B, Gao B, et al. Degradation of organic pollutants from
water by biochar—assisted advanced oxidation processes: Mechanisms
and applications [J]. Journal of Hazardous Materials, 2023,442:
130075.

[129]Xu L, Guo C, Wang F, et al. A simple and rapid harvesting method for
microalgae by in situ magnetic separation [J]. Bioresource Technology,
2011,102(21):10047-51.

[130]Hu Y R, Guo C, Wang F, et al. Improvement of microalgae harvesting
by magnetic nanocomposites coated with polyethylenimine [J].
Chemical Engineering Journal, 2014,242:341-347.

[131]Prochazkova, Safarik I, Branyik T. Harvesting microalgae with
microwave synthesized magnetic microparticles [J]. Bioresource
Technology, 2013,130:472-7.

[132] B LS, VE /N, e S8, 5 o A R A 0 ¥ 7 v S A SR i R L B
PR [0]. FELRYRLE, 2022:1-13.

Huang K W, Wang X X, Gao J S, et al. Allelopathic inhibition and
mechanism of terrestrial plants on algae in fresh water [J].
Environmental Protection Science, 2022:1-13.

(133 a5, 08§ B A REAE IR Sl R 7K R £ D 4 1 5
[7]. KPR, 2021,37(6):162-167.

Gao Y N, Wu J, Yang H, et al. Effects of cultivated water of
Myriophyllum spicatum on Microcystis aeruginosa [J]. Water
Resources Protection, 2021,37(6):162-167.

[1B4)ERW,Z 2 A K220 R R S i e ek %
JAYAYHT [I]. FREEARAE, 2011,30(7):1253-1258.

Dong K M, Miu L, Li N, et al. Analysis of the inhibitory components
from extracts of Magnolla Grandiflora leaves agianst Microcystis
aeruginosa [J]. Environmental Chemistry, 2011,30(7):1253-1258.

(1351 4k, 48 0 T KA AR TR i 23 1 K LA g A T
73], RA SR, 2013,13(6):39-43.

Deng J X, Zou H, Zhuang Y. On the isolation of ant-ialgal compounds

from the wheat straw and the algae inhibiting effect [J]. Journal of
Safety and Environment, 2013,13(6):39-43.

[136] 47 /N, e R o 40 52, A IR ) S S P s A B A P 45 4 %
FEHEFRBCG IR0 (1], VSRR3R, 2016,32(2):376-382.
Yang X J, Han S Q, Tang WY, et al. Physiological characteristics and
cell structure of Microcystis aeruginosa and microcystin release and
reduction in Eichhornia crassipes—grown water [J]. Journal of Jiangsu
Agricultural Science, 2016,32(2):376-382.

[I371R/NEE I E S0 46,56 SR A P R 0] B 2 B e AR A 1
THSARVEAT (3], b E SR}, 2020,40(5):2230-22237.

Zhu X Q, Dao G H, Tao Y, et al. Evaluation of growth inhibition of
typical plant-derived allelochemicals on Microcystis aeruginosa [J].
China Environmental Science, 2020,40(5):2230-22237.

[138]Peng P, Zhou L, Mihebai , et al. Unleashing the power of
acetylacetone: Effective control of harmful cyanobacterial blooms
with ecological safety [J]. Science of the Total Environment, 2023,
912:168644.

[139] A& s 5 Mg 5 U, TR 5 11, 55 D 2R P e R LA BE LRI R Uk e ().
th &4k T, 2020,18:41-43.

Xiong L L, Mei Q C, Zhang X Y, Liu T H, et al. Research progress of
microbial algae inhibition activity and its mechanism [J]. Shandong
Chemical Industry, 2020,18:41-43.

[140]Sun R, Sun P F, Zhang J H, et al. Microorganisms—based methods for
harmful algal blooms control: A review [J]. Bioresource Technology,
2018,248(Pt B):12-20.

[141]Jia Y, Du J J, Fang H, et al. Inhibition of freshwater algal species by
co—culture with two fungi [J]. Materials Science & Engineering
C-Materials for Biological Applications, 2013,33(4):2451-2454.

[142]Yang X R, Li X Y, Zhou Y Y, et al. Novel insights into the algicidal
bacterium DH77-1killing the toxic dinoflagellate Alexandrium
tamarense [J]. Science of The Total Environment, 2014,482-483:
116-124.

[143]Jia Y, Han G M, Wang C Y, et al. The efficacy and mechanisms of
fungal suppression of freshwater harmful algal bloom species [J].
Journal of Hazardous Materials, 2010,183(1-3):176-81.

[144]Jiang J, Jin W B, Tu R J, et al. Harvesting of microalgae Chlorella
pyrenoidosa by bio—flocculation with bacteria and filamentous fungi
[J]. Waste and Biomass Valorization, 2020,12(1):145-154.

[145]7 4, L BURE, FEAE o o et v I T 2 0 R BRI Lk g (9],
HWKEAR, 2017,36(9):27-33.

Ning H, Wang Q Y, Cheng Z Q. Research progress of algicidal bacteria
in application of biological algicide [J]. Water purification technology,
2017,36(9):27-33.

[146]Zakaria A M, Mohamed H, Saad A A. Growth inhibition of the
cyanobacterium Microcystis aeruginosa and degradation of its
microcystin toxins by the fungus Trichoderma citrinoviride [J].

Toxicon, 2014,86:51-58.

TEZ BN SaHE1994-), 5,7 RS By BURE ST 54,11, 8 A e
KA B G EEIOK IR LR R IR S 20 R caigijiascies@]163.com.



