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K 4 P2 iR PR E 5 N EE R EEA(1.5.10,50 F1 100 mg- L™)FIR; REZH | 5256 R4 40 d, 40 I 9 ) dG B R 35 BE 106
cells-mL™" , JEME L 12 h/12 h,24 h B, 24 h @3 , SCERIREE 25 °C,pH 6.8, & 24 h Buke, 45 3£M.5 mg-L"' |10 mg-
L 50 mg- L™ ¥R B A0 E BN SR v s A0/ N BRE 0 A AT IR R AR, J0r L 50 mg - L R B 21 (AL 0 A P die ok 3 (R A
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151 30% , 4N A P ) SOD  ATP iR T4 BR4H . S0 Bl Mk B 38 H 7E 0.1~ 1.0 mg- L™ ,1&?1—%9@?@7&&?0 AR S5y
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Abstract; 0,0-two-(2,2,2-three chloro-1-hydroxy ethyl) phosphate (trichlorfon) is widely used as pesticides, while
its toxic effect on algae is still not well understood. The experiment adopts four algal species to be exposed to 5
different trichlorfon concentration groups (1, 5, 10, 50, 100 mg-L™") and 0 mg-L™" as control group. The experi-
mental period is 40 days, and the initial inoculation density of algal cells is 10° cells-mL"™" with the light dark ratio
12 h/12 h, 24 h aeration, 24 h magnetic stirring, the experimental temperature 25°C, pH 6.8. Samples are taken in
every 24 h. Results show that 5 mg-L", 10 mg-L™" and 50 mg-L" of trichlorfon has a promoting effect on the
growth of Microcystis aeruginosa and Chlorella sp. CHX-1, and thereinto 50 mg-L™" group has the most significant
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effect. The promoting effect is mainly manifested in the delay of the growth peak and the extension of the exponen-
tial phase, and high doses of trichlorfon (100 mg-L™) inhibit the growth of algae. The further study shows that the

peak of algal Chl a in 50 mg-L™" trichlorfon group is 30% higher than the control group, and the SOD content and

ATP content in the cells are higher than control group. Working concentration of trichlorfon is 0.1-1.0 mg- L™,

which is lower than the concentration of this study. The 1 mg-L" trichlorfon group has no obvious effect on the

growth of algae.

Keywords: trichlorfon; Microcystis aeruginosa; Chlorella sp; cell density; Chl a; SOD; ATP

0,0- —F3-(2,2,2- =4 1- 2 3 2 JE) BERR 198, 7
A A W E B NS 90% FLOE 2SR, 80%
VAR R JEAREE TR BRI B AA
TR A R R B 2 Tk AR A 7 2 A B 2R DA 4100 1
ML FIRAYIREEAL, RBOET-, AMEN]
PITEZKAE AL 5 K HEY) L Biia 283 it nl
FARYT O BB | BTR IR AT A B, RO
A FE AR R IE A A PRI Sh S K T SR
B ,0.1~1.0 mg- L&A HGE % H T Riia KA R H
Xof FR BT G 0 % e s b ) (A b 23 A TRl s i
G E e N RN O R A B /B (S R etV X 92
B H B FEOR HURIBR B A KR S e 4R
Kk iE e Xt B R 2R AEAR AR AR W A
e AW A HEER RS BT CECE A K AR
BRI Y 2 DK A 5e 2 28 DL RSRBE A
F, BEIS T BEAF J 1) DAR K 8 28 R A o T B,
AT MR A /D  BOE a2k A 8
WIBEEEAR &, BB MR (LCy) ) — MM 0.05~
1 mg-L", MAXF T 4028 Kok A W 522 sh ¥, Bk
FEESE R T PR, 72 h B8 96 h i 2 Rk N vk
(EC)— AR T 1 mg-L " 3 FLERHE A IV B 178
A B EA VB RS SRR RSB AE K

WEHOR K AR R G P A BG4y, T
FOEBBAKAERRGN , TR EA KT

ALK 8 X D' R 6 1 St R A Hh s T A2
A g5 I A BB, AR PR BB, %
o ALK A= 2 W 8 A A s TR A A R
LI AETEAEWIA R I e, 18 Bl A AR i A
PRSI, R IR

ARSCHEHT 4 T2 N 3218 4, 20531 o il o
Pl AR PR M E /NBRE TR, /N R
TERBE TR R L R — H S —
BEWE R I —E M5 R0 gk 1 R, B
VEBEIEHR)E T DL (AR AT 1k A A —
SE 28 S PE T R SCE I S, BT A [ o L £
O BN 4 RIS A R L BEAS 12 ik i
BRI A AR AR SR A XU AR A
TS A A SR R A TR

1 ##l57 % (Materials and methods)
1.1 SEE bRt

W Fh. £ )2 % PCC 7120 (Anabaena sp. PCC
7120), Allen’ s 15353 ; 38 /N ER i CHX-1( Chlorella
sp. CHX-1) & Ek#E 106( Nostoc sp.106)  Hil £ 13 2% 5
(Microcystis aeruginosa), BG11 X5 57 5& ; 3 Fp (i b [
b2 Be SR RE SR R 2 51 25 TR 7K 8 42 (FACHB)
PRHE REFRIREE N 25 °C, W] OB BRERE 2 000 Lux,
pH 6.8, SLH0 T, 7EXTEAE K A EEFT 2 ~3 U, il e
PRAF R ARG, PR B F2PAE K

®1 KR

Table 1 Experimental algae
WP Algae FEIE Characteristics
i o g COREET RPN TR, 200 TOKIR
Microcystis aeruginosa Water bloom dominant species, releasing algae toxin, distributed in water
R COREET BB 2504 TORIK
Anabaena sp. PCC 7120 Water bloom dominant species, distributed in water
Wi /N BB, 25041 T KR
Chlorella sp. CHX-1 Having nutrient value, distributed in water
SERBE IR, 2001 TR

Nostoc sp. 106

Soil algae, distributed in sediment
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Allen’ s J373£.1.50 g-L™" NaNO,,0.038 g-L"
MgSO, -7H,0,0.013 g-L" CaCl, -2H,0,0.03 g-L"
FFEERR ,0.04 g - L' K, HPO,,0.02 g-L" Na, CO,,
0.029 g-L"' Na,SiO, -9H,0,1 mL-L" 4 J& T XK
PIV,

BG11 }53#3£.1.50 g- L' NaNO,,0.04 g-L"
K,HPO, - 3H,0,0.075 g-L" MgSO, - 7H, 0, 0.036
g-L" CaCl,-7H,0,0.001 g-L"' Na,EDTA,0.02 g-L"
Na,CO0,,0.006 g-L"'FF1E &, 0.006 g- L 745 iR 4k
Bt ,1 mL-L' {3t R AS .

0,0- — F1 3£4(2,2,2- = G- 1-F2 BE 2 ) W R i (%
A ), AR TR A FIS AL 43 BT 4l (AR);
HA i R A 40 B 2l (AR), B BCER R Je 1k Tk
FIA AL,

SN A AT i 5 B AL H3—18KR(H
PRAA B A A RN 1), 7 75 6 4 B A R I TY 92—
L (7w 2 AR A BR A ), AT W43 6 B T
T21G( bR B R AR A PR A 7)), A Ak 55 3748
LRH—250 (i —HR=AU A IR AR,

1.2 BA B0 A K e S

WAERK EXT O B g R EMN T 6 4
1 000 mLAEJEHE S0 1 000 mL, & 5 41
oA R ZH(1.5.10 .50 A1 100 mg- L)l 1 4%}
HEZH , S56 JE 4 40 d. 358 40 B 09 40 4 32 Pl 2% 8 10°
cells-mL™ , JERFEL 12 h/12 h 24 h BES 24 h #E )
Pk, SLIRE 25 °C,pH 6.8, £EFF 24 h BURESM BT,
oA 3 ALY LI i AR

SRR ] 2 MR IR o g R DA (TN) &
BRTP)E IR IR EEAH R, Y98 245 mg- L' 5 7.2 mg-
L', S2i R RHIE TP TN #e J8 IA A Ai 5 el 5
EFRRA SRR I E 53 31 R FH A ki
AR 2 (E R )R ,2007)

1.3 5% B A O B (B

Z ) o 2 AUV RN SR AR Tk O
B A D) 2 B % SR, R R A () 8 2 B A
A Y6 680 nm T A6 % FE (. (OD ), B
R B BUORE I A2, B4 3 3 A FATHRE, 15 5 680
nm [0 B 5 3l 40 850 1Y R DG OC &R AH B 1Y
1 75 2 k. /N BR B 40 MWk B (5 A - mL) =
15570D ,-34.716 , LG A AR /N ko 1 A K
0L

4 PhEEE AR COC R A 22 7k, Hifth 3 Fhe ks
38 2o e S 86 Ty A F) 680 nm 5 3 40 i AR Y

1.4 MEEEK a(Chl a) &S5

K6 Y, AR Hall #1 Rao™" ) J7 12 &
ktt, BERG 24 /NETEUS mLGE N VI ER T 10
mL B0 A B 30 s(CT /R E] 1 s, 18] F% 2
s), ERESLRHIIA 20 WL 1% (550 1) MgCO, %
W ,8 000 r-min" F &0 15 min, F#E FWEHK ., 70T
FEFINA 3 mL I, T 4 °C vKAE i 7% 26 B
18~24 h,F 7 000 r-min" N &[> 10 min, B_FIHH ,
A3 S SE 750 663 645 F1 630 nm Y OD {#, B |34
W IARF R v2, FI A T 20145 Chl a(mg-mL™"):

Chla =[11.64 X(OD,,.-OD., )-2.16
X(ODgys53n~OD:s5) + 0.1(0Dg30,,-ODs55.,1,)]
V,(mL)/V,(mL)

1.5 C-PC #EIE&E A& 2 AIE

Z: 8 Padgett Fl1 Krogmann™ %) 7 ¥ | 7643 66
JETTT 0 94 5 2 (H 7E 620 nm A1 650 nm fi) OD
H, U T ARG
C-PC(mg - mL™") =(166 x OD,,, . )-(108 x OD,s,.)
1.6 WA ALYE AL (SOD) Byl E

SOD (1] 22 AR ¥ Stewert (1980) i J7 12| 1£
25 °C ,1£ 4.5 mL /Y 50 mmol-L" K,HPO,-KH, PO, %%
ORISR AL S 69 SOD ML , PR 10 wL
50 mmol - L™ ¥ 2% = My , i R 5T B 42 50 1 B
SEEMEIAERE A 1 em B ELEAR N, 436G BETT 325
nm K FEERF 30 s W) OD A (A)—¥K , Bk % 2K =
i AL R HIE 0.07 A-min Z2 47, X IR
B 10 mmol - L HCL UK, A% X5,

it 1% 4 (U - mL ™) =[0.07-0D,,; .. /A [E] (min)]/0.07
X 100% /50% X J W Y AR (mL ) < AF Y0 s T A5 450/
WARFR(mL)
1.7 ATP & 5 i [ 4200 2 v

ATP & 5 1Y 7€ R 0 B2 7 oA W A 4
TP g 77 B 1 em® AOTERE B o A
I mL Z&WK B e EE 2 2IRE, A 2.5 mL
JE a0 HC 95% B IR , SR J5 b A 35 - FH 48 4L
BB EEMNIE, 128 °C, 15 min JFEUL . EHET
WG 1 ~2 RS, RS, R B TR
i B, B ATH AR, B2 S, Hob 1 S AT
B 3 mL, 857, 95 1 SOMZERK 3 mL, &4 0E
BHRH 3 mL J5, [ B 45 C/KIE 25 min, BUH A2
RE, 7E 721G 43066 BT I 660 nm Ab b (4
M7
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o FEECOED | 45 40 T 4 75 1 X1 AL 19 85% |
2 &R (Results) RIS A5 L 71, B0 25 520 0 9 K, BT
2.1 FCE N 4 PRI KR B

1R, BCE BUMA G , 4 FP ke Ry A= K 3
G W NG EERih A I D TE S P IS
B AR SR R I S v B O
N 50 mg- LB, 3532 2 A9 52 i B R, R EICE KRR
St A] X BERE K 50 mg- L VR BEAH (95 7E 25 d
JE AR KR E W, IF H— B i v, X a4l
55 40 REZUE AT, 40 5% 5 Fr 80 /0 | 1M 50
mg - L ¥ S5 20 41 i %% 5 38 8] 32x10° cells-mL™, L
XTRRZH i 80% , AR KARE , IR A E T, TE
JINERE RS AN TR B A A A R N ER R
AR = A TR, o 50 mg - L B 46 /N BR i
AR AR S s B4 100 mg - L
X /NBREE I A KA M AR R, 7E 40 d RS2 R
o, e MR EE A F 15%10° cells - mL™" X6 HE
AL 75% , Ui B v B A e R /N Bk e A B AR
FH AT 0 A K AHE A TS 40 e

Hu e A W A E R K /NI e R A M AR T
[FIRE A1 Dl S B fa R e AL SR e S B,
FLHEP R T R EAE 4~20 mg- LY AN AT
PRt 3 e R e 1, KF 20 mg- L BHIHIAE K
AR GA S G A — 5 B ARALYE , B — &
W A A O A KA R AR TR B
Trilm A s BRI T, A SCEE R B, 100
mg - L7 ECE B TG e B 0T g A A A 0
JIEEAR SR XA I A BCHE VR AR R P A
TR, 5 HAth e B 21 25 SRR

B A=A TR A — N 30 d, i A HLBEA
ECE AN S TSR A A R AR S
T PR R S s T A R A i
ARPRANKUAE B A i ) A T e 2 S g Hh A
SERRRE . DRI 3 45 A ot Al 2 e R/ INER 9 L) R
HH 50 mg- LR, ot — o8 525

~ 35] = —— Blank
3 0 S g 40+ ——1mgL"!
E £ 301 £ o 351 --5mgL!
33 sEn S0l
(S SN ] —— mg-L°
s 2 20 s ig —-100 mg-L"!
= 2 151 =~ >
= ~‘§ =g 154
B g5 109 ¥ 2 101
g E 5 % =
§3 g8 59
0+ 04
T T T T T T ! T T T
0 10 20 30 40 0 10 20 30 40
Bl /d Al /d
Time/d Time/d
a b
5% 351 5 g 351
g & 301 £ 2 30
@ —_— = QO
3 :5 25 1 8 g 254
& 2 2] S < 201
=25 2 £ s
¥ g ¥E
2 3 107 2= '
= 3 5] §3 s
01 01
0 10 20 30 40 0 10 20 30 40
iFE]/d Al /d
Time/d Time/d
c d
E1 FEBEEEKmEZm

TE s a- 4 SR IR BE s b- A0 BE 5 -/ INBRTE ; d- S BRTE

Fig. 1

Effect of trichlorfon on the growth of algae

Note: a-Microcystis aeruginosa; b-Anabaena sp. PCC 7120; c-Chlorella sp. CHX-1; d-Nostoc sp.106.
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2.2 WHERE a HEEN

TEBERDE AR 202K a A AT B/ 1 AR
L ERZR a i E B ROV TR TR
HIP 2 /i T4 SR e B i S 3 b, &7 IR 50 mg
LR AA RIBE W R 28R a AR 25 d
f ik B WAL, [R)30 ex BR 2 g Y 30% , 73 TR
HCFHL 50 mg- LR M4 R a & i R IR
RS AAATIIR IR —E MG R, AL B
W PR /N ERBE R SE 38 Hh b n] WL, 50 mg - L
T ER A R 2 X ) A A T T P A AR
AR TE A ey | WAL i U D S 17 9 1) 2R IR 8K
LUlingcIe

—=— Blank
—e— 50 mg-mL"!

0.7
0.6
0.5

0.4

/1

0.3 1

-4 Fa/(mg-mL")
Chl a/(mg-mL™")

0.2 1
0.1

0.0

10 20 30 40
1) /d
Time/d
a

oA

077 _a_Blank
0.641 —*—50 mg:mL"'

0.5
&0 0.4
0.31

-4t Fa/(mg'mL")
Chl a/(mg-mL-")

0.2

0.1+

0.0 T T T T T
0 10 20 30 40
I 1al/d
Time/d
b
2 BEHMEMEZEa NN
T a- SR T B b/ NERBE
Fig. 2 Effect of trichlorfon on the algal Chl a
Note: a-Microcystis aeruginosa; b-Chlorella sp. CHX-1.

2.3 BIEHEA(C-PC) F AT

B SR a ERADESEHPEER
SFEEER] e B A PO A A B —AR a3 K
ARADEREIL L AT 2r R 2™

HI Il 3 TR, i 2 T 3 T B4 C-PC & it 7E
20 d IR FWEAE , T HCE 3L 50 mg - L7 ¥ 5 20 7R 5] 4
25 Kk BEAE , H syt X AR 30% , HAE 10 B0
FREEmF I A6/ NEREE B SE 0 |, A= i i I RE
(LG W i I SER . 40 d i, B HL 50 mg- L
RIS BEANME N C-PC Fr A v, Ud B AR 9 6
HEAKZ ARG SCEERRGE T,

Ll — Blank

—o— 50 mg-mL"!
0.4 1 &

0.3 1

0.2

B /(mg-mL)
C-PC/(mg'mL-")

0.14

0.0

0 10 20 30 40
i i) /d
Time/d

a

0.57 —s— Blank

0.44

0.31

0.2

B /(mg-mL")
C-PC/(mg'mL-")

0.11

0.01

0 10 20 30 40
A1) /d
Time/d
b

B3 HEHMNEEEA(C-PC)ZEHZMN
TE s a-HR SR G BE s b/ KB
Fig. 3  Effect of trichlorfon on the phycocyanin (C-PC)
Note: a-Microcystis aeruginosa; b-Chlorella sp. CHX-1.

2.4 ATP & 15200

fEYIR N ATP 1] L3S 7R HAE s 1R, 28
BT ATP Ay 20 i N 2R AT 1 K 22 504 i ad 7 4
BET e ATP S LB 2%, F B A e Lok (R
B — RGN F 2 6, 5 B O, VB SRR
REFRHHI 7 ATP NS ) J2 2ok AR DA 35 9 vh 315 ik
S FIEHE R A T | i 0,-7,H,0,,
-OH), M T iERRX Ll 5 1Y F i, LABK 1- 41 %
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FVT25.0,0- WP HE-(2,2,2- =5 -1 KL 230 B BRIE X 4 FhE A K 52 99

AR B AR N, B SOD AR H (370 484k 3 28 -
et 200 A 3 1 PR (E R S A I 1 R o A R A
T2, 2B EIR R BV A, AR B i 4 Ak, DT
MR SRR G 1 Bl 4 R S = T, A K 32
BHE & 4 PR sk s e A Kfae s
FOE L 50 mg - LR A A KOG T — B R R A
H TR A B G245, /INBR 3 70 X 2R K
ATP & %A 31 50 mg - L7 #8204 T x5 IR 4, 5
SRR AE L[] HLE(E 1 2t T 0 AL, Ui
/NERPEAER I AT BB A2 B A A BCE R, s
HOE AR RS, BB T AMEAE K

0.08 -

o —=— Blank

TE] 0.079 _._ 50 mg'mL"!

2 0.06

& 5 0.051

T%*? g,) 0.041

1S 0.031

X &

< < 0.024

ik

T 0011

s

0.00
0 10 20 30 40
i al/d
Time/d
a

~ 0.08 4 —=— Blank

e 007 —°= 50 mgmL"

&

£ _ 0.061

& g 0.05

& 5

1] g 0.04 1

o=

X £ 003

& 0.02 1

%

= 001

0.00 1
0 10 20 30 40
i [i)/d
Time/d
b

B4 HEBRIEATP SEHNFIE
T : a- Sl SR IR BE s b-/ IR
Fig. 4 Effect of trichlorfon on the algal ATP
Note: a-Microcystis aeruginosa; b- Chlorella sp. CHX-1.

2.5 SOD &5

eSO, - T MR A T B 23 i SOD
AT B, 53X I BR R &R T 20 SRR, S 3
0,- R JEi5I# H,0, FLE | w4 S E8UM IS T
AL, NI IR T S AR S5 4 B0l i 4 3R 3 1 T B

A A K2 BHEY Rt SOD & i e I Ao 38 T 3E 4
Habi AL T RE A3 55 , SN T B4 R RE /T
S O UL A 07 406 i 5 /N R g A A R AR 30 40 it
P SOD &, # i 4t 50 mg- L™ e 404w TxF
HRA [A] bl AR R E5 43 T BE AR T 14% F1 10%
XTHRZH SOD & & 1E T B2 60% , 15 HH i 41 At 9
A REA BRI T, B4 I A HEHT ) e 22 | 3t
TORKFARKR, Wu PSR, 5 B E 8 1
YEFT, SOD Flad 4 4k &0 il 1 14 1 bb 25 1 i 3 4
i, FEHG I SOD {1 J FH F X ig hn i) S Ak R T
EIR S SE A AR I A AU | 8 B vk A
AR N EEAS BB 6% Ak b S AL D RE, B Ak T B
0 TR RRA PR AR KR I AP e g i

=Y20d

041 - Em40d
2 03
2~
& A
S £ o2
IS
§5
wn
=7 01
s
55
0.0
Blank 50 mg-L"!
a
£20d
0.4 EE40d

R AL AL /(U mL )
SOD/(U-mL-")
(=}
N

BE5 #E®RESOD &R
TE s a-fi 4% G B s b/ DR
Fig. 5 Effect of trichlorfon on the algal SOD activity
Note: a-Microcystis aeruginosa; b-Chlorella sp. CHX-1.

2% X HR ( References) :

[1] RUNEE, BRER, WRIEHE, 5. FOE S0 5 4 i 14
hY ZRERE MM T]. +HE, 2011, 43(2): 264-269
Zhu L X, Chen S X, Chen Q S, et al. Effects of dipterex
insecticide on soil animal diversity in South China [J].
Soils, 2011, 43(2): 264-269 (in Chinese)



100

==
B

i

Fook 12

[2]

[3]

[4]

[8]

[9]

[10]

(1]

FWLL, TR, PR, A HLBER 25 AL Y% R T 5T
HERE[T]. fL2=HERE, 2006, 18(4): 440-442
Wang L H, Zhang L, Chen H L. Enzymatic biosensors for
detection of organophosphorus pesticides [J]. Progress in
Chemistry, 2006, 18(4): 440-442 (in Chinese)
Wide i, B, SO0, S5 8 9 025 TN M. b
Al AL, 2005: 242-244
Ihygy, 2R, SR EME, S5 WO SN o [ bR e AR
KH BN )]. A AT AR, 2014, 9(3): 531-537
Ma'y, Li B, Zhang Y H, et al. Toxicity effect of trichlor-
fon on the growth and development of tadpoles Rana
chensinensis [J]. Asian Journal of Ecotoxicology, 2014, 9
(3): 531-537 (in Chinese)
SRIRIE. 08 10 T A H T 24 ) 00 50 23 ol T v B 1) 5 )
[T]. #EIKFZ, 2009, 12(4): 15-21
Wu M Y. The effects of common pesticide in eel culture
on the growth of Microcystis aeruginosa [J]. Journal of
Fulian Fisheries, 2009, 12(4): 15-21 (in Chinese)
Chen H, Jiang J G. Toxic effects of chemical pesticides
(trichlorfon and dimehypo) on Dunaliella salina [J].
Chemosphere, 2011, 84: 664-670
ERIE, FHPE. HILDLER HUAG TR (52 R ) M BiE
XS A A Py EE PR 0 LU (D). B R R 2 4T, 1997, 18
(1): 99-103
Wang Z H, Yin Y W. Studies of the toxicity of pyrethroid
insecticides (crude product and commodity grades) and
solvents to aquatic organisms [J]. Journal of Jinan Univer-
sity, 1997, 18(1): 99-103 (in Chinese)
Tian S Z, Liu Z, Weng J H, et al. Growth of Chlorella
vulgaris in cultures with low concentration dimethoate as
source of phosphorus [J]. Chemosphere, 1997, 35(11):
2713-2718
R, T, LS, SF. K PR v o i EE R A
HARMR IR I]. 55159 58514, 2006, 28(2): 132-
137
Sheng J W, He M, Shi H C, et al. Review on detection
technologies of microcystins in aquatic environment [J].
Environmental Pollution & Control, 2006, 28(2): 132-137
(in Chinese)
FREEE, B eE, SRR, A, WA U8 rh g e A
ROMT RO R [T]. S EETT 4 5 BiR, 2011, 33(2):
85-89
Zheng B G, Luo X Z, Zhang J B, et al. Advances on the
research of overwintering and recruitment of cyanobacte-
ria [J]. Environmental Pollution & Control, 2011, 33(2):
85-89 (in Chinese)

W, RN, WU, A R RE X /) IR g R
ARSI [T]. KA &Y%, 2014, 38(6):

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

1128-1132

Wang J, Qiu L P, Meng S L, et al. Effect of temperature
on growth and competition of Chlorella vulgarisris and
Anabaena sp. strain PCC [J]. Acta Hydrobiologica Sinica,
2014, 38(6): 1128-1132 (in Chinese)

BRI, PR/, BORPRE, 4. JELBE A0 58 B A 0 4
LR e /N RO AR K B S R [0, 2 B 2 e 4,
2011, 17(13): 23-25

Xue L Z, Chen X C, Huang Z C, et al. Interactive effects
of temperature and phosphorus on the growth of Micro-
cystis aeruginosa and Chlorella vulgaris [J]. Anhui Agri-
cultural Science Bulletin, 2011, 17(13): 23-25 (in Chinese)
JEER, B f, A, A RUBRE XA S i e A K
LR G E R R R [J]. PR, 2014, 35
(2): 597-604

Zhou Q, Han S Q, Yan S H, et al. Impacts of Eichhornia
crassipes (Mart) Solms stress on the growth characteris-
tics, microcystins and nutrients release of Microcystis
aeruginosa [J]. Environmental Science, 2014, 35(2): 597-
604 (in Chinese)

WGERS, A%, A H K. ol BRI 5 ¢ fol 2 o4 0 AR
A B R AMEE A I 5 S RN [T]. AR SR, 2014,
34(5): 1224-1234

Xie X L, Zhou R, Deng Z F. Overcompensation and com-
petitive effect of Microcystis aeruginosa and Scenedesmus
obliquus after low temperature and light stresses [J]. Acta
Ecologica Sinica, 2014, 34(5): 1224-1234 (in Chinese)
BERMIX, FRARLL, XS ML, A5, K AR o e A KU
BT AR P R BRER PR R VR D], 2k HEIK, 2016, 42
(5): 57-61

MR, T, FEmivE, 5. pH %6 R o A5 /) ek i
A RSEAIIRZ IR [J]. IR EL 2R, 2014, 23(2): 289-
294

Chen J Z, Wang J, Qiu L P, et al. Effect of pH on growth
and competition of Chlorella vulga and Anabaena sp.
strain PCC [J]. Ecology and Environmental Sciences,
2014, 23(2): 289-294 (in Chinese)

FrK, XUBEIR, WRvkvK, 45, B FRER /K 0 A Bk B Ah
AP = A B ], AR, 2012, 33(5): 1556-
1563

Qi F, Liu X Y, Xu B B, et al. Effect of nutrition level of
phosphorus and nitrogen on the metabolism of the extra-
cellular organic matter of Nostoc flagelliforme [J]. Envi-
ronmental Science, 2012, 33(5): 1556-1563 (in Chinese)
FEl G TR SRy TR A TSR 4 0 ek Ao E R
4 GB/T 12763.4-2007[M]. dt5t: bRk Hh AL,
2007: 1-65

XUINGE, WUt ih, £, 4. IR EREERT pH X /NER



424

FVT4E.0,0- I 3E-(2,2,2- =5 -1-52 3 2 5L BERR IS X 4 FhE Sk KGR0 101

[21]

[22]

[23]

AR AR IR AL [I). /KA 41, 2014, 38(3): 446-
451

Liu J H, Yang H S, Wang H. Combined effects of temper-
ature salinity and pH on the specific growth rate of Chlo-
rella [J]. Acta Hydrobiologica Sinica, 2014, 38(3): 446-
451 (in Chinese)

BRI, HOVL, Brhs, AR 3 PR R I K T B0k
5 HC B T A R B 18] 1) 5 R AT AT, LB
b BR, 2011, 39(28): 17399-17401

Hao J M, Zheng J, Li Z B, et al. Study on the relation-
ships between optical density at certain wavelength and
cell dry weight and cell concentration of three microalgae
[J]. Journal of Anhui Agricultural Sciences, 2011, 39(28):
17399-17401 (in Chinese)

Hall D O, Rao K K. Photosynthesis [M]. Cambridge:
Press Syndicate of Cambridge, 1994: 43

Padgett M P, Krogmann D W. Large scale preparation of
pure phycobiliproteins [J]. Photosynthesis Research, 1987,
11: 225-235

Stewert R C, Bewley J D. Lipid peroxidation associated
with accelerated aging of soybean axes [J]. Plant Physiol-
ogy, 1980, 65(3): 245-248

Ui, R K, R, B TR A YA 5 T
[M]. dbat: AP EFREREE R, 1990: 179-180
EFLL, g, RhGIE. A ER AR X [ 00 B0 B
PEWFSE[I]. b Sl R 2t RO R, 2004, 22
(4): 400-405

Wang X H, Shen J Y, Lu Y T. Study on herbicides in rice
fields to toxicity of fixing blue green algaes [J]. Journal of
Shanghai Jiaotong University, 2004, 22(4): 400-405 (in
Chinese)

[26]

(28]

[29]

(30]

), AR4E, BT, 45, AT X0 i fa 3 i 4 ol 4 1)
AIBIFSE[]. BREE TR, 2011, 5(2): 279-283

Xiang L, Zou H, Huang Y Y, et al. Study on inhibitory
effects of rice straw on Microcystis acruginosa growth [J].
Chinese Journal of Environmental Engineering, 2011, 5
(2): 279-283 (in Chinese)

ST, AW, A, 45 H,0,5 UV-C KR &R
WFE & TAESCH )], MREERHAHIFIE, 2006, 6(19): 59-63
Jing J, Zhou M, Wang X, et al. Engineering experiment
and investigation of effect on degradation of cyanobacte-
ria by the combined of UV-C and H, O, [J]. Research of
Environmental Sciences, 2006, 6(19): 59-63 (in Chinese)
TER, JHWL, BEDGRR, 2. ARR IR — T B i ek
Ksgmm ], s TR, 2006, 28(12): 48-51
Wang X, Zhou M, Liao X S, et al. The effects of dinbutyl
phthalate (DBP) on the growth of blue green algae [J].
Journal of Wuhan University of Technology, 2006, 28
(12): 48-51 (in Chinese)

XNz, BRI, M. A AR 2 (M. de st & 55
A WA, 2002: 342

HEETN, eI, AR, 45, TR 22 SR B G R SR
B R AL BT[], BREE TS Y 5 B3R, 2011, 33
(5): 50-53

Jin C L, Zhou X J, Li N, et al. The inhibitory mechanism
of Magnolia grandiflora linn extracts on Microcystis
aeruginosa [J]. Environmental Pollution & Control, 2011,
33(5): 50-53 (in Chinese)

Wu Z X, Gan N Q, Huang Q, et al. Response of micro-
cystis to copper stress—Do phenotypes of Microcystis
make a difference in stress tolerance [J]. Environmental
Pollution, 2007, 147(2): 324-330 L 2



