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Research progress of removing algae by ultraviolet irradiation

JIA Peili, CHEN Shiwen, DAI Ruihua
( Department of Environmental Science & Engineering , Fudan University, Shanghai 200433, China)

Abstract; This paper combined the relevant literature at home and abroad and reviewd the influence of ultraviolet

irradiation on the different typical algae as well as the development and present situation of removing algae by

ultraviolet irradiation. Besides, its mechanism was also analysized and was expected to provide theoretical basis for

subsequent research and wide application.

Key words: ultraviolet; algal bloom; algal toxins; photosynthetic activity ; antioxidant enzyme

UTAES KR FR AL B & i 26Kk 48 TR B EL
Ji8 g A W R PR S A TR I ) PR — . 26
R PR SEARARAR G T B2k AB 1 K 22 i e
TR, O A L SLI AR AR S kK 2 L
e i DUAR W) R 2 i I 5 S L I B T e
IKRAEEG ™ IR FH K K L
KM BI5GB 00 T KA 3R BRI ZE SR AR | Thi 5L
(AR K A AR EREE 2 7 , 586 7 35 1 98 2 16 A K A9
T P S B B 2, T A S SR AR AR K
FET , NI HAD A 1y 04 22 At 52 30 7 5 W

H AT, 3Rl vk ZBEA YR b AW
3 AT R I EES R R D vk BEAS TR R M B
P HTERRBERCR KB — MR s R AN

SR G YRR AR i L S 28 T I AT PSR £ 07 T AT
TEAR TR 22 5 o W) BRER SR 3 1 08 UF
MR 25 T B 88 2 AR R 5Bk, 8RB 3, s
Qe ARG TARRR RIS, g™ 2 R B9
PEIRBRBEROR | BREERCR B (B8R B.5) R A1
ER/lin A IRV NI A 5 E N €L/ R (2RSS
B2 R 2251 A — RIS %, AN Rl b Ml i PR 5T
TR 2SR, BEARZ AN 5E , 4 m  BR 0 7
SEALBRBEEOR  BEA A A B2 R ), (K R gk
BRISE S T 5 S BUK IR 05 e ™ BRRAR L Bk
PRI KA ABAE N T R TP AR R R
IR TE Y BRI A0 ok B R M HEAE — R B )
S A I e R R P RS T T 2

BT - FRBTE D 15 e P ol [ R S IR S 0 (R 2 e A AR B S L) T2 4 (1SKO3ESPCR) 5 [ 58 H S B2 e 4

(51678159)

VEH WA BT (1992—) , Lo, bR T A, W50 07 1) K IRK BE26A B . E-mail : 15210740024 @ fudan. edu. cn

WAEVEE ACHAE, B #03% , 1+ . E-mail ; thdai@ fudan. edu. cn

- 138 -



(R 0 R RN R IR ARG, HLRB A RrLk
REEARR K AR v g 75 R 8, AT £ U3k I 48 ol 3 250K
AT AR R R, St AT B R e, HL
PR BRI IE T W B AR, W AR LS AR R TR TE
f5 %, BRI RE A5 7E S Bris i R 3 #E) fE e 4o
BIRERZ BREERA , AR AR Z 1 M2 R &)
— ELEI B K T2 4, ] 42 4 e s L2 0 1 B
KA T 2 2 ] N MRS A

LHME (Ultraviolet, DA R & fx UV) & —Fp B A
T SRR TGRS, B AR KRB i g
RS RAE FORK T R EE sk B e N B 0TS
BN 397 NI NP7 Y Y ) = I N £ O W
25 HAU Y 75 T BOIC R LA A 87 2 7K 4k B 45
ARG, S ZEKRE, UV HE T 2%
W o ERUE , I 28T A VY 5 Gk [ G —
FUIHTETB . UV ZERR S v H RS 2 T
NATH R REDS8R . UV i B o e — Je 48 R ip I A
200 ~400 nm (1) 5851, 7K 21 0] 38 1) K B 5 7
FEHMHN I WL R R B, 5 B
W B8 (UV-B,280 ~ 315 nm) Fl A S B 556
(UV-A, 315 ~400 nm ) A [t C JE Bt 5506 (UV-C,
200 ~ 280 nm ) 525 5 1 8 20 M W A, Ko S 4 B A A
FAJu s AEmi o S S BRI s B dse 12 o AR SC
FEE 3 AT5 HIMER E NS UV 5 BE R B R
FEHEE . DUV 55 BRSSO BF 98 32 g ; @ UV 4
HE 5 H Aty 5 B06 FH B3 86 AP 52 1E i s DUV i R ok o8
PLEROFSY, LI 3R ] Bk 3R R 09 J5 B2 o8 A )
FIFA P25 UG & o

1 UVERREERNARLR

1.1 UV ERXNAEEENZN

] 2 o B v — R L ) B AR e R I ZR K
T R LSRR, R G B B e A o . UV
s PR A1 o) A S T i A M AR PRI
ANREIFE G UV 55 B84 S 1 i i i A — 2 10
25, A IR R UV-C HR Off UV-C 45
MR GBI 72 3L T 24 20 em Kb ) X6 ] £ Tl 4
BT AR MR S5 SRR, UV-C 4R R 75 (o 9
5 B TG RAALG , MO T 2 A T, rh B LT
NG ARE W, AT e R UV-C %R B A A 3 4
JACTE AW gk g A K o Alam 251 (5286 %
PN BRSO B A T IE B 3G AR, X IR (TE UV 48
W) By P2 BE M 5.4 x 10 A~/mL #4 %) 1.0 x 10°
A~/mL, SEEG2H 22 37 m)/em® UV-C 48 B8, 35 %% 35 4H [
TXF B N T 25% ;Y4 R ORR R & )
150 mJ/em’ 5, IE % 35552 7 d JFREH5T-. HILE

HH A TR 751 g R S ] 2 a0 i O P IR 22 57
BETR, N R FE 1) a2 4 ] o A 0 35 1 00 ) A 2K
TR . X EREE % 3 50 ~ 100 m)/em’ UV-C 45
R e A A A DR 2 ~ 4 d, 100 m)/ em?
RS R a WK W E 37% ~ 60%
Sakai 25" B, 30 ~ 60 m]/cm” & BRI 5 A W
TSR ,90 ~ 180 mJ/em’ 45 HE F| 5 A 10 d {440
RO . AN, F AL X UV 5 B8 0 o 0 2o vl e ot
A KA T ShAS SRS, & BH 31 ~ 50 m)/em® UV-C
R R TR S I A Od MR BUR X 5 X
SRR SR 45 A 25 B IX AR 25 T fig 5 5
W AN LA O, 7 BILAE SR T A S 9 3 3% B
i WS IR AE B A Z5 R UV-C b BEOG 2 fol
A AN, FL Al AR A # A A 1 R 52
SEY, 1A, Sakai 257 ISR v R RES R R AT HEA T
SEH T Alam 250 SR /K T2 AR RAT #E47 UV-C
L K RS0 A5 (0 S ] T RS2 ) A 3 400 i 42
W UV 4 BEGRE 0AS [R], 2 10 52 0 S5 25 2

B 2k G 8 88 A1, UV 4 BE S H At LR 5 UL )
BERMA T, HEIE ™ 3 5 b Al T R e 3 AR
AW, R IR ST B/ EROIR B 2k UV 4 RE 0
T S RN B S N D EZ 7 - Il TE =l I DAE
[/ INER P | /N BRI AR S, 5T TN i
JEZAF T UV-C 8B 52 M, &30 UV-C 48 B e 4
L) 40 ) R 5 8 R A G, T 5 ) R % T
K, UV-C g R ffiax 3 e A Kl a8 92, (H L EUE
S, 8 BH 3 L 5 25 UV-C 58 AR 1% Sl b i 21K
TSR, X T AR 5 O R A ¢, LA
SR A R A0 R S AN, 2 DK PE R R
N FEAHDOC O R, G0 DR AP A R 4
FNTEEMNHEEE, 1 UV-C 45 AL B X 7K 5 o
RN B E S TIRR AR, Hhel™ &u
JURNSEEZEXT UV 4 B8 0 UR AR B . K AR IR 35 > 41
FEEE > LR iU e e > V7 IEBiE > 5 5m / ek > Ak
WHEE , FR Mt T A (BT AT ) R (A SR T
FEIERUK AR AR R ) X T UV 48 B8 A0 U B35
o, HEM ] BE S5 S AN ZE A AT 56, AN )i 28 ()
200 B P i3 TR TR 3 200 R %) /N RS IR 45 AN A
6], RIS+ UV SRR i PEArfE 22 5 T, he g
HRER S B2 ALREA Sy, X UV it
PEm, B ABE Y UV BEAS B HEIE A SN S | 8405
IR EE SRR TR 2 ) e N i BE 2 A S TR
NIRRT B A P 038 5 D R Y e s
UV-C 5 B8 R TE 3 R0

UV % REAE 1% 184 K 358 40 B b 5, B R o 40 i 52
B TN P 38 B TR . Alam 2510 % B 24 UV-

- 139 -



C W B K & 4 9% 37 m)/em®, 75 m)/em”,
150 mJ/cm’ i, #RAEFEAF AL 50% A5 4 BT 4 E
I A A %) GG , 38 A0 R IR B L E S R, HL
R R B, TR L9 R . S fl B 5% J e R
RS A 0 M R B AR M S A Y R Ui Bl g
J7, K B TR] %) e IR CEE 2 15 A0 A A, 35S A i K
T2 BRI LR S rp e — IE ] UV i
3T BN B A A T L5, A BT T (B
Z4 BGPTSR 5 R B TR M BE , i ak
TUTRER R, UV 58 B 35 20 M & 2R LR, XX T
WAFK S LR A 2 (AR
(4R PR T e 2 e 24, LN A DL Al T BRI
PiFtias KRR L Ay A A M), 3 77 18 [0 R4 A
i — 5T

UV-C 57 BEAS S RE B8 DA 358 240 B 50 & Pk 40 1) 3
FAEK, L BE 52 e 5 40 M 7 #E AF AR B ). Sakai
227 S o ] R AT £ SR X G, ST T UV
RS R R B s SR 7E UV 4R R 5
BEMYSE I AR T — BE Y. SLgn kP iR )E
IEFIEFR 14d iyl fEr, o UV AR IUKh i s &R
ARSI AR UV dERg kb SRR S B
G A RIS B R S . M B
R MR AL G, Hagil o E3hiz i i Iy
I L AR, K e R R IR T R T
JER I BEEE R AN, PRI, AR IR AL UV IR R
IR T MM BERE R & i, T RRAIR 1 AP K rh 35 25
o, M H YR BRI # — g {5, UV X T
PR A HESMEN, IR s s, Kh
MRS ERM. UV R, i b e
F14) AV T 28 12 B, AN 2 B K A v 3 7 R I ] K
BRI L UV IR 5 2K 4 ) R e A
YEHT, BCh UV 4 BRER B L34

VI EAFE R, UV 58 XA s 2R ny B K 1
A IR X g e v OV RO A i 2, X
THUER e G (] /N g /N BRE R R
A A AR P RRAT ITEAE FH o 38 2k 417 ) 3 240
AR AR R R A 3 0 Y e P 1 R A g
L B (8 I R 70 IS S5 4R T, 3K 31 B s A R ()
B, UV 45 B8 BB 0% 52 ) i 40 ff 7= 2, BR IR e BE R &
i, UV RRREF G B 2500 e & (0 R 5
IR IRERZ M UV-C 48 BTSSR R . i,
IR AR R UV 55 BE 3, e BUR A 1 48
HEISTAIL , 7E PR B8 2 Z HiF, R AT gt R i 2k 42
FIARIRIEDT UV 58 B8, S fp UV 48 IR BR E 4 R ] Bg
DS E | S S G IE i B et B N =B 1 WA N i
IKAE T B

- 140 -

L2 UViERBERAREET NA

UV 5 RER R MHE) T D207 T 5L % #
AT TR SRR H 3 BB o

UV 4 RE B (1) SE 50 % i S S5 9E 4R 1 20 i
2190 4EA, Kawabata™ e UV T K3 K 4
IR R 3.6 x 10°4~/mL M £ e, K
144 m)/em®ff) UV 48 B0 mofs AR /08, H I
25, UV 5 BB 38 B G RCR SR T A8 2
LR, E NS EE AT T R E SR B FA S .

W5 UV A I 38 00 R 75 1 6 7 /K 3 D 9 2B 7k
JREIT. AAREDY 8 RAI30W i UV-C 4T 4 1E
HIGUR, FEIE—A 4m x4 m x5 m (%) R 2] ok
F A%z LR T L P, S5 R R T
2d JEAHET . 2003 4F A BIAE 0 12 230 W i
LHMTE T AT RHFUIRE M, & BLTTE
P P R 2R TG T R, 2 4 WRANFRS , DT TE M rp Y e
AP A K R TS99 3t b et 7, I T A
KK BB A . BRI SR ER] T UV-C 48
REAESEPRAR R A R EERUR  iE A TR T2

TESEBRRE IR, Tseri 2657 B UOfs UV-C R 2
BT L HTRR M EKE, BHGEE%E
J9 5 x 10°4/mL 5,20 s fif 5 R A0 38 ik 3% K 430 4
Ji 5 2G4 i 1.0 x 10*4S/mL i, 50 s fit 4 18 &b
HIAER K 90% 4, 2004 4F #5255 MR 12W AT
1 UV-C s vigs , 2K B A 0 R s e R
140 s 15T BB AL 3 g 2 K 80% SEAm ' ™', py itk vl
W, UV 5 REBR A S bR K R BE IS BRAR A S50 o

EIRE, UV 48 MBRBEHARAUAE A KK A
WA, AR K S T RE 2R R K AR B K A
SEBRRLED , PR ST UV B I 26K A v i
2 By S AN FH AR B) | e A 7 2 S B A
A IFHATHET R TR,

2 UVERSHMKRAKARENRER

2.1 UV EgRZHALHK(TIO,) EXERRE

2Kk AR (TIO, ) 2 — Bl A SRR BT ILH |
P VERERSSE AR B DG AEAL 1 1 i O B e, A
B i5 R TN )2 . UV-C 549K Tio, ik
BEREE, FEEFA UV-C AR NG T, KAEGIK
TiO, Y HEAL SR, MK TiO, b} s AL , il
BEANN = A AT, 6B SR IR R A, A
T B BRI AR Y

B REAESY R GE T UV-C BB F 442k Tio, )t
AT R A A RS 3 e X W R A R
LR a WE BIEEAWE DL R ERES KN
MR , A B — 2 50 f2E (4 UV-C g 1R AE (7 75 £ U2 35 4



M3 5E 440 T, I B UV-C BES 442K Tio, e ik
T2 AR K I S e L B ) UV-C A BREE A &L,
REXT W WK BT A R IIE B, JF 4 i UV-C O fi
A I W 3 A G A T 2R G B AN AT B A )
Nt 48 Ak A WA e AR K 0 E R Ak,
UV-C fEALA4K TiO, BE % it i W5 e R P i M 48 ) o
( reactive oxygen species, ROS), {1 0>~ . - OH #l
H, O, 177 25, i A2 3 08 B 00 453 00, DT 44 26 i 35
[y UV 45 W84k BRI ] 0 st nl O, UV-C AL g4
K TR0, LA 1 WE K A8 T BR W e K AR X 3R89 1
F 5 L EA B A E

2.2 UV EREASE(H,0,) BXEkkiE

EREAESESS X T UV 8 IR R 5 B B
H, O, BR#HAR G55 L L UV 1 K% AT e gz fil,
UV Befe 0y A R AG PR 55, (B F A & S BOR 3
AN H AL T $hn H, O, 1 K TG ROR L8 5, X
T M A B AR B2, {E B SR AR B TH AR R O i
J 9K AR B KA 5 1T HL H, O, 431 B A4
JRL PR, 384 A5 i 5 I oA A B i Y R RIOCR .
[ H, O, 19 % 1k B8 1 A 2 LB IR 3% 3 R
(Microcystin-LR, MC-LR) Fyfb "7 5 , X ¥ 5 R 554
T R fifk e 1 e 2% o

HIt Al UL, UV B8R H,0, T ZBREESA BTk,
DRI T 795 2 T P I 8 B AR B 3 T A, S0 47 R
F 648 mJ/em?UV-C #7815 1 mmol/L H, 0, B , &b
P RSN, A3 PA o R G AR, 7T RE
UV/H,0, 7= Az AR B30 45475 3 40 e, i ELRE % UV
FR IR R H, O, MR IE I T , S dn e & 1 HIAH
ORI e PR B 7% 3 3 o RIS TN 9 7 R 9 B L2 B
il (R 2H 65 R A o R0 Ml 6 A 5 52 3R Miicrocystin-
RR(MC-RR) . 315 He 45" g 5296 45 S M1 01, il
& UV-C 4@ iS5 H, 0, HIXF MC-LR #Y 2[R
k% 93.9%

H, 0, 15 S S8 A7), 7 B R 16 5 200 i, % 5 4
UBEIRRE Sy o  EX 2 LR R VR AL, T UV
FRIRER PO IR AN, H— ) UV R AR 6% [
IR R B, UV-C 5 H,O0,BKH], miF
T RES BT, HARARE T - OH R
HAEE T UV-C 48 ORI H, O, 23 ff ™ Ak, BEFE ) 1
BRAA, AN A B dE 2% . it m] DL
I 2 — PR A A& 1Y BR s T2, B H TR
TR B, RTE L PRoKAR
2.3 UV EXEBIHRZHEL (PED) M EM K
FURL( MNPs ) BR & BR 5

VAR AL — RV 94 K UKL ( MNPs ) 78 b 52 b &
WA JCELH  HABKW R A H ] EE F

FH BB 2 B 58 40 B b, AT A 35 40 B A
PR FEAMINRE VR T A BIBR SRR . H2A%
Hil MNPs 1E7K ORI, By & A BER FULTE,
W, T 2 R T M R R AR MNPs 77K H1 (1% 43
i, BEAR MNPs 43T 2Z [l A B 5] o o b ki
DR B F) 2 R O (PEL) . UV 53R
&7 PEL [ PU4A AL =4k MNPs ( PEI-coated MNPs)
156 HT 25 B 8 s, R X T R ) MINPs T LT
A% PEI-coated MNPs, UV g & 25 T A R L
. MNPs [ ka5 1k AR 2B Y g R A,
Barhoumi 2™ {\ 3 UV BE % il % PEI-coated
MNPs £ 1™ 4= ROS, ROS fE JC L 45 14 b 45 1k g
INE HLY (extracelluar organic matter, EOM) | K Y2
U5 O L 0 TR P, B iR B A B T SR, 1 SR
=,

R b S e ORI A i B R Eh
S IR S A ALK AL B R . Wang 25 BiF 5
T UV 4R IR 5 B R ER I BRE, B UV RE i
YRR A AL TE SRR AR /N, UV 4R AT i
EhEer7A4E SO, - A1 HO - 45 BTN T 34 i iy
SERENE, R T Zeta HOAL, R S AR B G X
W T 20 EEAR AN sl B b 3 RO PR e 2, ELAFAE AR
B TR 2R AR 2 A Tl A, (HARS T B ) UV -
C Fa PRIR B 20, A 2o i 2 6 BB A 15 8 40 i 25 B
FRIKF) 98. 2% , HLAEA R il 1 2 Rl P W sir gk

25 b X TR ) UV SRR R, UV
4K TiO, \H, O, #l1 PEI-coated MNPs 45 J7 ¥ Bk FH 1)
FREe AR, BEA8 47 KL, 2R 15 0T v i BR e R0
UV-C 4@ 85 H, 0, 35 HI I 58 KR BE AR 7K i MC-LR
FIMC-RR {4 & 8, 7E IR K2 4207 T EA B0
St ABAESEPRI TR H, O, BUA B i , DR I PR 5T 1%
A B 285 HA  WAR BER — i AR T, 7275
JEZEGF R [R] I IR BB 1 R BRBCRAR T 2L H
UV 5 HABYHL A2 S5 BRE ORI, 0 UV 48
MRS IR e LR e (UV 8 R 5 98 P e B HH B3R 982 55
REAS HUT AR RCR EARH R A

3 UV igHRBRENIE

3.1 UV igERxIE4A DNA #9520

DNA XF UV A7 — & 1 W R, i i UV §5 IR
x| BN DNA $51475, DNA R385t 45 9 T i) 2%
& i &5 Rk Z a5, [ 4E DNA &5,
21 e ) 0 A S L | 20 O T K X 1 A
HIE 2 v T

UV-C 4 A T 5 2 ol i o B 358 DR 1) 2 %
AR, DA RE e 2 (A A . UV-C 58 BRGA e A £a

- 141 -



JE SR L DNA S I g — SRR (H e 4 AN e 52
HIEME, BRI R gl T UV-B X = iR ts
PE IR B P LR 5 B DNA 1Y
PEH B UV-B 4@ BRI A9 82 5, DNA 4578
JEE i, 2 UV-B fRIRLBR 5, #5140 DNA nf Bl &2 4k
2. LE BT, UV-C Al UV-B 45 IR H0 fE X 35 25 1Y
DNA A A [mlFE B 4514
3.2 UViERxRMAMELEFEENR

UV 5 BRBERE AR 5 004 VR FHAH DGR 9 2 1Y &5
OIS S A o AN 2 (15 =X (VR e 8
JHIRSENS SE A K AR AR K o A
DK SR AR AR, WE 9T T UV-C e LeE, & 9
XA g e, UV-C 458 IR AR B 4 iU it 28 R a Wk
SRR A, W AR 1 R R A R A . T
R AT EEE, UV-C fR Rl 4 3 a S8
N ZR A AR 1 A B R R A, DT A AT B B
Sakai %7 SR T X —HLIR, fib {1368 JoF SRR Bk R
Kt A MO AT, AL UV-C RISt G
TEPEST BUREAR, I AEZ I 7 d () IE 3 5 3R 8 b kF
SEREAR . e A O G 0 MR Y AR, B T AR I
W HT R, 2 R AIG  AE RR  F E
J A
3.3 UVERmENENZm

BAEFAET FEHIE L T — BB S B LTI A
NSNS R A R O = A S
(super oxide dismutase, SOD) . i & fk & i ( POD) |
ot EAL Sl (CAT) & o B AE IR H K I, 48 Ak
it} 22 56 23 1H B i A0 54 5t PR A i) 3t B 4R A
MNTTAEAAR N () B FR A Ak T 3 A i b, (H 2
BN AL Tk UV IREE i, HT A AL 2R 529
B, (1752 AE 3 40 M 1% 1 19 SOD [ POD Fi1 CAT fy
TEPETE S A ] N R Y UV-C 4 A R 5 R
AN ROS & T, WAL 34 K, i N e 5
ES i

AU, UV 48 BT i 28 10 AL . UV R
HRAE S [ DNA 545 , 410 i i 5 DAL 1) 5 S AR | 1Y)
B IR IR R DGR AL B 2
REL, BeATG e 200 L 0 D6 B VR T, 3 350 L 2 K 55 1Y BB
et A LA AN T 5 5 0 5 00 i ) 2 AT e
WeRBT AR R G, R TR o, (A5 N AL R
TR, IS B SET Y

4 % &

UV 48 BEOG A [7] 38 28 X5 A I RO, X 4 4 ik
PRV FHRIOR i b 2 5 3 o T e 2 B A S AR
P FE RS P 50 A P 3 O A i L L fel e

. 142 -

DUREAE IR AR IR B BR MR ROR ; UV 4 I AE S 2 )
BN R, R M BT R . XS T Y
PRIEHA, —Jri, UV 540K Tio, S5 rY ik H B fiE
S AR R ERICR  (HAAF R 20T AR B X 2
P ROR AT FRAE ()L, AT UV R BRER 5 B
FORA Rt — PR E M5 ; 53— T i, H AT UV
i 5 M BB B e 2 o B 45 o B B AR I P
(5 AL TR BEBR BN DL I LR Z 9T, UV Fi IR R
AR ORI S LD B TR 4 2 A
A S PEAEEAS IR AR YT . UV 48 BRER B R H
A TEIRTGYAFE AR Z LS, e S BRR pA H g4fE) iL
AR L EE

SE 3k

[ 1] CARMICHAEL W. A world overview: One-hundred-
twenty-seven years of research on toxic cyanobacteria-
Where do we go from here? [ C]// Cyanobacterial
harmful algal blooms: state of the science and research
needs. New York : Springer,2008 ; 105-125.

[ 2 ] PARSONS M L,DORTCH Q. Sedimentological evidence of

[

an increase in pseudo-nitzschia ( Bacillariophyceae )
abundance in response to coastal eutrophication [ J .
Limnology and Oceanography,2002,47(2) : 551-558.

[ 3 ] NAKANO K, LEE T J, MATSUMURA M. In situ algal
bloom control by the integration of ultrasonic radiation and
jet circulation to flushing[ J]. Environmental Science &
Technology ,2001,35(24) . 4941-4946.

[ 4 ] MAATOUKI, BOUAICHA N, FONTAN D. Seasonal

variation of microcystin concentrations in the Saint-Caprais

reservoir( France) and their removal in a small full-scale

treatment plant [ J ]. Water Research, 2002, 36 (11):

2891-2897.

TR R, XER A5 b ANER K R R R

MUZRT[ )] AE255 41 ,2012,32(1) : 56-63. (SHENG

Hu, GUO Huaicheng, LIU Hui, et al. Reversion and

[5

[

analysis on cyanobacteria bloom in Waihai of Lake Dianchi
[J]. Acta Ecologica Sinica,2012,32 (1): 56-63. (in
Chinese) )

X Wk A, 2 IR, 2. Rl e K A 03 XU, 7
AT IE 5T [T ] o RS R 2, 2011, 31 (3)
498-503. (LIU Jutao, YANG Yongsheng, JIANG Jiahu, et

[ 6

[

al. Risk evaluation method of cyanobacteria bloom hazard
in Taihu Lake[ J]. China Environmental Science,2011,31
(3): 498-503. (in Chinese) )

(7] F5E, RO, RN, 2. LI AU 1 75 2 55K
Az () o3 A JAI AR AT [T ). b [ 3R 85 B 24, 2015, 35
(5): 1511-1519. ( WANG Xuelei, WANG Xinxin, ZHU
Li, et al. Spatial analysis on diffuse pollution and algal

bloom characteristic with remote sensing in Chao Lake



[8]

[9

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Basin[ J ]. China Environmental Science,2015,35(5):
1511-1519. (in Chinese) )

AR B, T, Wl A et X SR R
T YBR[ T ] A0 R 222 4 ( F AR B 22 ) , 2012, 40
(1) . 83-87. (ZHAO Dayong, MA Ting,ZENG Jin,et al.
Study on eutrophication and heavy metal pollution of
Xuanwu Lake [ J]. Journal of Hohai University ( Natural
Sciences) ,2012,40(1) : 83-87. (in Chinese) )

XUTOAE , VEHE, 220 K, 45, 7 [ VR 56 7 5 Ak R 3 L Bk oy
BIWFFELT ] 45 7K HEK ,2010,26 (5) : 80-83. (LIU
Lijuan, WANG Lin, LI Mingyu, et al. Removal of algae and
turbidity from lake water by several coagulants[ J]. China
Water and Wastewater, 2010, 26 (5): 80-83. (in
Chinese) )

s TR IE, TR b R B U A SR A TR B 2 B
BERIBEIT [T FREERL 74k, 2013,33 (1)« 73-78.
(ZHANG Long, QIAO Junlian, LEI Qing. The study of
green algae removal by potassium permanganate pre-
oxidation enhanced coagulation [ J ]. Acta Scientiae
Circumstantiae ,2013,33 (1) :73-78. (in Chinese) )

W, ER AR, T B e, A IR R AR A LA R
FRTF I W B I R ReE [T ] b B PR AR 27,
2015,35(9) : 2745-2753. (GU Li,GUO Xianqgiang, DING
Changlong, et al. Formation of algae-derived DON and
characterization of algae organic matter ( AOM ) from
different stages[ J ]. China Environmental Science,?2015,
35(9) : 2745-2753. (in Chinese) )

ER, BRANES. RIS G BRI AT SRR [T ] K
Rh3E; AR 2010,36 (9) : 16-20. ( WANG Gang, CHEN
Jierong. New progress in removal method of alage
contamination in water[ J ]. Water Treatment Technology,
2010,36(9) : 16-20. (in Chinese) )

EUR PR VR A PN U E W RGRG BE
BRI )] R 5K ,2010,33(8) : 1-5.
(LYU Le, YIN Chunhua, XU
Cyanobacterial bloom control by environmental effective
LIl
Technology,2010,33(8) ; 1-5. (in Chinese) )
WRFAAL AR, TRIRVL. JK h 22 R B2 3 AR 1T
WA [T]. # J57KF7,2011,7(2) ; 77-82. (CHEN
Xiaohua, PAN Liande, ZHANG Yinjiang. Formation and
countermeasures of harmful filamentous algae in water
[J]. South China Fisheries Science,2011,7(2): 77-82.
(in Chinese) )

R, G 2R, 3207, 45, 15 A BH R BIF 5 E e
[J].iZ 74k T1.,2015(8) ; 44. (XIANG Lunhong, FAN
Ronggui, GONG Xinyu, et al. Research progress in

Qiangian, et al.

microorganisms Environmental ~ Science &

treatment technologies of cyanobacteria [ J ]. Liaoning
Chemical Industry,2015(8) : 44. (in Chinese) )

L, HEE TR DO K BB B I B L 5T
VERE[T]. BREE Rl 22 55 K ,2010,33 (12F) . 393-396.

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

(LUO Fan, DONG Bin, HE Qunbiao. Application and
research progress on drinking water disinfection technology
(3]
(12F) : 393-396. (in Chinese) )

FRIK. T5 7K b BE b ) SEAMR I B BOR [T ] 4 7K HEK,
2002, 28 (11 ): 31-34. ( ZHANG Xin. Ultraviolet
disinfection technology of sewage treatment[ J]. Water &
Waste Engineering,2002,28(11): 31-34. (in Chinese) )
JEIBH W 4 R, BT 54 1R X UV-CBOAR R 4 28 4
BELE A B AR [T ] AR O R 224 41z, 2003, 37
(4). 549-552. (ZHOU Ming, DONG Jinrong, ZHAO

Kaihong. Preliminary studies on diversity of fishes in the

Environmental Science & Technology, 2010, 33

plucking seeds base of Hongmenchong [ J]. Journal of
Central China Normal University,2003,37(4) ; 549-552.
(in Chinese) )

ALAM M, OTAKI M, FURUMAI H, et al. Direct and
indirect inactivation of microcystis aeruginosa by UV-
radiation[ J ]. Water Research,2001,35(4) : 1008-1014.
XU, W25, Fhdl, 4. UV-C 58 IE X ) 6 Fhi
BEAERIMBIROR [T]. B R 540K ,2015,38(7)
1-5. ( LIU Linjing, TAO Yi, LET Zhongkai, et al.
Suppression effects of UV-cirradiation on growth of six
micro-algal species in lag phase [ J ]. Environmental
Science & Technology,2015,38(7) ; 1-5. (in Chinese) )
SAKAT H,KATAYAMA H, OGUMA K, et al. Kinetics of
microcystis

growth  and  intracellular

after UV [J].
Environmental Science & Technology,2009,43(3) ; 896-
901.

L, BRRE, B, 55 UV-C 5 N0 ) B 2 k8 o 2F
KshB It st [1]. R #,2010,31(2) : 310-
317. ( YUAN Kan, MAO Xianzhong, TAO Yi, et al.
Dynamic
aeruginosa by UV-Cirradiation[ J]. Environ Sci,2010,31
(2): 310-317. (in Chinese) )

Bt S AR IREOARAM ) B2 546 S ALHBTSE [
5 IE R ,2002.

P 2. UV-C g S SR e S A KA 4CR S LB Y
[D]. dEst: iR ,2010.

Bl UV-C 4 IR0 ) st 20 o8 26 7 KR ORI 5
[D]. Kb Wim K= ,2013.

JEI R o fu) ), A B UV-C HOR T T A Ok
KT BREERIPTTE [T ]. PR R 2ok ( HAR R
fi), 2004, 32 (6): 111-113. ( ZHOU Ming, DONG
Jinrong, BAO Guangxun,et al. Alga-killing in water works

aeruginosa

microcystins  release irradiation

experiment on controlling of microcystis

DJ. 1t

with submerged UV-Ctechnology[ J . Journal of Huazhong
University of Science & Technology,2004,32(6): 111-
113. (in Chinese) )

SAKAI H, OGUMA K, KATAYAMA H, et al. Effects of
low or medium-pressure ultraviolet lamp irradiation on

microcystis aeruginosa and anabaena variabilis[ J]. Water

. 143 -



[28

[29

[30

[31

[32

[33

[34

[35

[36

[37

[38

[39

Research,2007 ,41(1) . 11-18.

] SAKAI H, OGUMA K, KATAYAMA H, et al. Effects of
low or medium-pressure UV irradiation on the release of
intracellular microcystin [ J ]. Water Research, 2007, 41
(15) . 3458-3464.

] KAWABATA Z. Effect of ulrtraviolet radiation on the
survival of the dinoflagellate peridinium bipes causing
freshwater red tide in reservoirs[ J]. Japanese Journal of
Water Treatment Biology,1990,26(2) ; 17-22.

] KAWABATA Z, ISERI Y, SASAKI M. Suppression of
dinoflagellate peridinium bipes bloom in a mesocosm by
ultraviolet radiation [ J ]. Japanese Jouranl of Water
Treatment Biology,1991,27(2) ; 7-10.

] ISERI Y, KAWABATA Z, SASAKI M. Development of a
boat equipped with UV lamps for suppression of freshwater
red tide in a reservoir [ J ]. Japanese Jouanal of Water
Treatment Biology,1993,29(2) : 61-70.

] ISERI Y, NAKAMICHI M, MAEDA T. Development of a
red tide control ship equipped with a UV irradiation
system-preliminary and field experiments on harmful
marine algae[ C]// MTTS/IEEE Techno-Ocean’04. New
York : TEEE,2004 ; 1787-1792.

] HONG  Jinglan, OTAKI
photosynthesis and photocatalytic inhibition of algal growth

Masahiro. Association of

by TiO, [ J]. Journal of Bioscience and Bioengineering,
2006,101(2) : 185-189.

1 BRI A RFEA, . UV-C e fb 4>k Tio, X} i
AR WA [T]. & DU ) 2 5 55, 2007, 25
(5): 457-46. ( LIAO Xingsheng, WANG Xing, ZHAO
Kaihong, et al. Study on the influence of cyanobacterial
growth by UV-Cphotocatalytic oxidation with nano metric
TiO, [ J]. Journal of Wuhan Botanical Research,2007,25
(5): 457-46. (in Chinese) )

] B2 UV-C BT 902K TiO, e il Al o i 2k K52

Wi A RIS B [ D . 500 AR PR 7 ,2009.

FRERAT 5RO, AF H,0, 5 UV T X Hl 2

BEKIERE LB [T ], BREE L2, 2010,31(8) : 1801-

1806. ( GUO Jianwei, ZHANG Yongji, ZENG Guo, et al.

Comparison of H,0, and UV processes on the inactivation

[

efficiency microcystis aeruginosa [ J ]. Environmental
Science ,2010,31(8) ; 1801-1806. (in Chinese) )

1SR, S5 HL, 0,5 UV-C KB B RSCR T
FEM TR [T]. B2 F 5T, 2006,19 (6) : 59-
63. ( JING Jiang, ZHOU Ming, WANG Xing, et al.
Engineering experiment and investigation of effect on
degradation of cyanobacteria by the combination of UV-C
and H,0,[ J]. Research of Environmental Science,2006,
19(6) : 59-63. (in Chinese) )

AT ity UV/H, O, X8 57 S5 030 56410 ) A5 P B R X ol e o
RIS D], il 2 B2, 2011,

1 QIAO R P, LI N, QI X H, et al. Degradation of

. 144 -

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

microcystin-RR by UV radiation in the presence of
hydrogen peroxide[ J]. Toxic,2005,45(6) : 745-752.

HE X, PELAEA M, WESTRICK J A, et al. Efficient
removal of microcystin-LR by UV-C/H, 0, in synthetic and
natural water samples[ J ]. Water Research 2012,46(5) .
1501-1510.

GE S, AGBAKPE M, WU Z, et al. Influences of surface
coating, UV irradiation and magnetic field on the algae
removal using magnetite nanoparticles[ J |. Environmental
Science & Technology,2014,49(2) . 1190-1196.
BARHOUMI L, DEWEZ,
paramagnetic iron oxide nanoparticles on green alga
chlorella vulgaris[ J]. BioMed Research Internatiol 2013,
11.1-11.

NAGARIA P, ROBERT C. DNA double-strand break

D. Toxicity of super

response in stem cells: mechanisms to maintain genomic
integrity [ J ]. Biochimica et Biophysica Acta ( BBA):
General Subjects,2013,1830(2) ; 2345-2353.
AL, E . UV-B AR S5 IO = R FE#E DNA i3
MR ELAE T[T ] A 35274, 2002,22 (3) : 375-378.
( TANG Xuexi, HUANG Jian. Interaction of UV-B
DNA  damage of
phaeodactylum tricornutum [ J]. Acta Ecologica Sinica,
2002,22(3) : 375-378. (in Chinese) )

WANG Z,CHEN Y, XIE P, et al. Removal of microcystis

aeruginosa by UV-activated persulfate: performance and

radiation and  anthracene on

characteristics[ J ]. Chemical Engineering Journal , 2016,
300 245-253.
CHEN Y, XIE P, WANG Z, et al. UV/persulfate

preoxidation to improve coagulation efficiency of

microcystis  aeruginosa [ J ]. Journal of Hazardous
Materials ,2017,322 . 508-515.

HE Y Y,HADER D P. Reactive oxygen species and UV-
B: effect on cyanobacteria [ J ]. Photochemistry &
Photobiology Science,2002,1(10) : 729-736.

ROZEMA J,BJORN L. O, BORNMAN ] F, et al. The role
of UV-B radiation in aquatic and terrestrial ecosystems :an
experimental and functional analysis of the evolution of
UV-absorbing compounds [ J ]. Journal of Photochemistry
and Photobiology B: Biology,2002,66(1) : 2-12.

(A H 391:2016 -10 -23  Zhify . SZBEIE)




