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Effects of Allelochemicals Ethyl Cinnamate on the Growth and Physiological

Characteristics of Chlorella pyrenoidosa
GAO Li-li, GUO Pei-yong, SU Guang-ming, WEI Yan-fang

(Department of Environmental Science and Engineering, College of Chemical Engineering, Huaqgiao University, Xiamen 361021,
China)

Abstract: The effects of ethyl cinnamate on the growth and physiological characteristics of Chlorella pyrenoidosa were studied. The
allelopathic mechanisms were explored, from views of chlorophyll a content, antioxidant enzyme activities, reactive oxygen species
(ROS) level, malondialdehyde ( MDA) content and photosynthetic activity. The results revealed that ethyl cinnamate had acute
inhibitory effects on the growth of Chlorella pyrenoidosa, and the inhibited degree tended to increase with increased concentrations. The
effective concentration causing a 50% inhibition at 96 h was 5. 45 mg+L~". Ethyl cinnamate induced the decrease of chlorophyll a, the
over-accumulation of ROS and the increase of MDA. Therefore, it suggested that ethyl cinnamate could lead to the damage of cell
membrane system and metabolic disorder through inducing lipid peroxidation via initiating ROS overproduction. And for scavenging
ROS, the algae cells were protected from oxidative damages through increasing the activity of antioxidant enzymes. The results
demonstrated ethyl cinnamate had acute inhibition to the maximum quantum yield and the potential activity of photosystem I of
Chlorella pyrenoidosa, however, the photosynthetic activity could recover to some extent through self-regulation after some time.
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0.999 2). WU FH I REAT, Br LA AR R B I 5 8
TWACH LR (D (8 R S s A AR B
1.2.3  PraAEEE P I

PETRAL T 96 h 5, B0 YA R AN, O TR
AVKIH A 50 mmol - L ™" R ZZ Wb (pH 7. 8)
FHER 7 4 e e A R 1 ( D723 500 W), Ab B 20 min

J5,4°C 12000 remin " 5.0 15 min, F 35D A
Pt HE OB, (IR PR A 1R . 8 AL 5 AL T (SOD)
K FHARZR = F AR E . o AL A (CAT) >R
Fat b R E
1.2.4  3EPESEA H 2 (ROS) K1

BRI 24 h J5 B0 B, SRR T
TS HE FR W, A EHRE DCFH-DA |, 37°C
H 20 min. SR FH G ML 15 55 00K B 40 i e 4% 2220
3, ABR LA AR B ot gekl. B, ot dt
RAE BB (LSMT710, 5[ Zeiss 23 7 ) BEkHA A,
1.2.5 N (MDA) & RAIIE

it AR BT R A b T ] SRR L
TR (TBA) 4i &, T AL 7= W), 76 532 nm AbF B¢
KW . SR FH AR A EL Ll 2 R 1k T S R 40 AR
MDA & .
1.2.6 MERIOCSEINNE

M2 28 15 1 M SO SHCR I a5 B
{8 ( Phyto-PAM Phytoplankton Analyzer, 7% & Walz /A
A AT E. W E A S % SCE 19 ] IR g A
U
1.3 Hdlkbai

EETR £ TR T 5 40 M A= 4 5 4 il SR F B A
WP

IR = (1 = N/N,) x 100%

A IR WA N O PRLH BN M2 B Ny N
Xof U 2] 355 200 e 23

RN R E ECy, BT AE K AR 11596 h
EC,,:
_ (N, = N,) <1+ (N, + N, =2N,)

2 ! 2
(N,, + N, —2N,)
2

Ao A ARG LRI N, R, B 2020 %
JE 5, MERIFIREEE n IR TR 1, KRR
HIER I, = (A, —A)/A, x100% ; A, =5 FH
ARKMALIT IR A, 2R AR IMZL L N
UL L AR bR, DAV BE X E0C B AR AR AR I 1
{BR 50% JIT X 1 R BE B A EC B

BAEK A SPSS 18. 0 # 4 #4758 it 3, #l
H Origin 8. 0 #EAF1ER. X HBZH 5540 P4 R FH H A
R, P <0.05 FonA ETE2ER.

2 HRE5H
2.1 AHER OTRRE F S/ NEREE A K AR

A

X(t2_tl) + o+ X<tn_tn—l)



158 EZ

B M

B 1 R ASTRIHE B PR R £ T8 X 3 (A% /N R e A
KRG R AR B AL PRI, 2 AR £
PV B <2 mg- L~ "B, B A%/ INEREE I AR A AT 27 31—
FEMANHIVER , B 2R S 8O B 2 OEAH G, e
J2. 4.8 F10 mg-L~"AbHEL]  FEALHERT 4 d 597
IHIRA WM 10. 7% | 30. 6% | 57.3% F174.6% . 7]

07} —O—O0mgL’! @
—o— 2mgL!
0.6 | ——4 mg-L'l
—v— 8mgL!
1-
) 05 L —+ 10 mg-L
2
Q
= 04 -
=
03
S
#
02
0.1

0

UL HEEE A 10 mg- L~ AbFRLH (3R FH oK, B
A R [ 10 S AU A SRR TR A, FE 5 2 A R
KH) 72.6% , F B PRI EI N, BEA, 2 ~8
mg- L™ WRIEVE I A0 HEER 2 d JEAHR RIS
Rfra. AT R EERR £ R X B L%/ ER
W06 h PEILHE EC,y N 5. 45 mg-L~".

9S F

—O—2mgL’’ (b)
85 + —0— 4 mgL”’
—— 8 mgL”!

75 —g—10 mgL™!

65 -

55

=%

45+

35

25

1 1 Il 1
1.0 1.5 2.0 2.5 3.0 3.5 4.0
td

E1 MEBRZEXNEBZMNGRERKNEN

Fig. 1 Effects of ethyl cinnamate on the growth of Chlorella pyrenoidosa
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Fig. 2 Effects of ethyl cinnamate on the chlophyll a
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Fig. 3  Effects of ethyl cinnamate on SOD and CAT activities of Chlorella pyrenoidosa
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Fig. 4 Effects of ethyl cinnamate on ROS level
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Fig. 5 Effects of ethyl cinnamate on MDA content

of Chlorella pyrenoidosa

/N R SZ R A A K SIS I (H AR A B AR A
YIR ZE Wl 55 RSO R F /R, &
7 PS I HVEAETG M. 1816 20 5 A [ v i AR 2
B o B A% /NBR LA R 8 1T oK 1 e MV A
WIS B, IR 6 (a) WA, RVEERR £ 1 45 Tk
JEAN PR BEANNE F o /F, (EESE 1 d R E R (P

251 O

10 15 20 25 30 35 40
td

K F,/F,, f1F /F, Y%

Fig. 6 Effects of ethyl cinnamate on F /F, and F_/Fof Chlorella pyrenoidosa



160 EZ

B M

<0.05), H FRFEIE R R HAELIE 2 d,2
mg-L™'Fl 4 mg-L~" &b # 20 5% T+ 2 X} B 4 7K °F-, 8
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e 3 d R BNIE R K, 500 B4 TG 1B 35 1 22 5+
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WFFEBCN IR IR, I ELor 85 458 Hh 22 Ml Igam 3 o
UGS IR, A DL, B 22 P B R
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24 h JEAEIVERIDT 8 T RE. DL EBTSER, O 10
X i A JEE PRI L i P T 1 98 00 o e S 4 a8 2
SUTLGE NN A8 R X e 20 1 %ok B A5 BT B A Y
FIFIA AR . i L B RR S BRI R M4 R
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PR BT KA, AR S B T s 200 R s At T L
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FE LR, AR S S L. A RAERR L TR
JRE T, BN AR R o KA, BB 4R R
a i TR GCRE M 2K | 1 i 3 40 i 1) ) B0
PERFAR

VEZ IR, A L5 e ml LS R AR o ik
PG PR 4L (ROS) Y3 B8 77 AR % 40 i ™ AE A fk i
P51 P R S AR e A e, L R
W2 R 2B ARG AL Y IR IE W B R, A ]
PAIE e [ B AR AIL ] o 20 A6 P 30 1 S 7 A T
BRAL TR ES , A 5 BRI 5. L 25 R W
N, AR CFR PT LAS RS 2R A% /N ER BEAN I ROS
R B I H B MDA & B, 3] fg
S TR CBEEA T, 34NN ROS =k S
TR G 2 A s T R R 51 R BERR 1 4 Ak
YRR, 3 B e 40 M B 22 G RN ) 8 A2 B 461405 . i i
PERE I, TR A P S A AR R
I SFEAMAET- . BA, R £ B e B B
BRAELEM LAY, LRI SR I Cd® T
Fe'* AR 4 JE B T &4 A &L, 4R H,0,, AT RE
FLEEXT DNA 7 A S AL B3 405, 5 5 400 B 2 % 1 At
T 1 Zhang %558 B 5 & BUAC 25 FUR A a0
T, K ACHE DNA H BEFEAR. ROS B 1 AT LAXS 4 i
AR B AN, W nT IR RS 5 F 51 KA
KA RIS N, e S B IRAR e T R
FEANFUNE R ROS AKFFhm, A T AR 40 i
(4 A R PR A S i TR PR R
SEHURN B A LB 0 R R SCR P vk
FEALEEZE SOD | CAT s ME#R A 0 H& , MR EE S 10
mg- L~ B WIS AT BT REAR. % T R LR
FiiR3 T R 40 M P 3 M (ROS) R R, N T &
1221 ROS, #4058 13 $2 = T A Ak 2R 8 1) 3 PRk
PR HARZ AR . SR, 24 REE R £ TR VR B 38
I, A0 P ROS ¥ 82— 2 1) BB, 40 A
RE S IR EL TS B, B B AN REBE B L 5
A EETEPERR AR

W25 R IR R T, 8 (% /R
WOLH RGN IO T m (F /F,) I TE
WG 1 (F /Fy) 7655 3240 0] 8 38 M AR, (HL Bt 25 AsF ) (1)
A VR 28 LA KR 32 1% ] L 0 B PR R TR 2 TR T



134 AT AL B AR IR T B RS/ N R AR K B A IR (5 ) 161

HEAR/NKEMNRDCE RS RSO =17
RIS PR A — 2 8 S A ) 0, (HL B
[F1] A S 4 B2 T LE o B 1 e — R K
SIOEENE. NI, AEERR £ 1 AT DL A A/
BRE PS IR A AT MG TR 20 Il HE ] T AR A
/NEREE PS T AN PEERR IR UG i) 240846, Ak
05 T RE R A M AR A 2 B ) A = A

4 Z5ig

(1) AFERR L W3t 8 A A%/ NG A K B —
FE BAM IR T, LR e J3E 0 1 im0 ) R B B
H 96 h LN R E ECy fHN 5. 45 mg- L', 5 HAh
My R AH LU, I FERR SR B A KPR Al &R
PR, EAT T & AR o 501 1) Vs .

(2) BlAE PAFERR £ TR MR 32 % 3G i 45 Ab 38 4 - 2
F a R TR, HLIE 2 B R ZE K S 35S TR R
JEEE MG 5 ARG AR N, RNEERR R
SLHEAIM AR a S N, 2GRN IR i
G A P 8 5 3 PR R AT T B AL 2 —.

(3) RAERR BT LA | 2R 11 A% /N sk 35 4t i
TE 4 (ROS) B9 K it B2 H MDA /9 5 & I 3 3
T, 3 B 20 AR R G PN D) REZE L, AN ITT S SO AR
AR, N T IERR ROS, 40 Ml it 45 & bt Ak
FMF(SOD |, CAT) MTE PR R HoAR 32 SE AL i 4.

(4) WAERR LR U/ K A DG RS0
I (e R 2= i i A AT PR BT — e &
PR RN, {FL B 25 B[] f9 42 4 356 40 i ) A SE 2 B
BT E—E R R R oA .
SEHR .

[1] Codd G A. Cyanobacterial toxins, the perception of water
quality, and the prioritisation of eutrophication control [ J ].
Ecological Engineering, 2000, 16(1) : 51-60.

[2] Codd G A, Morrison L. F, Metcalf J S. Cyanobacterial toxins;
risk management for health protection [ J ]. Toxicology and
Applied Pharmacology, 2005, 203(3) : 264-272.

[3] BINAR. LR R T OB Y B R A [T ], Tl
FHK 5% 7K, 2000, 31(5) ; 7-9.

[4] SRR, B FRR 5. SRR KR OACL = T.
WAFFR K A MBI T]. B A, 1993, 4
(3):308-312.

[ 5] Barrett PRF, Littlejohn ] W, Curnow J. Long-term algal control
in a reservoir using barley straw [ J]. Hydrobiologia, 1999, 415.
303-309.

(6] LIk, B¢ EYARMER LM M]. Jua: PRE%
Ak Hi R, 2001

[ 7] Vyvyan ] R. Allelochemicals as leads for new herbicides and

agrochemicals[ J]. Tetrahedron, 2002, 58(9) : 1631-164.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[24]

[25]

[26]

Fitter A. Making allelopathy respectable[ J]. Science, 2003,
301(5): 1337-1338.

W& on, ArF3C, PN, A KUK SEAR & s B oy s
SYSELT]. AYEREA, 1992, 18(4) : 399-402.

Greca M D, Ferrara M, Fiorentino A, et al. Antialgal
compounds from zantedeschia aethiopica [ J ]. Phytochemistry,
1998, 49(5) : 1299-1304.

Li F M, Hu H Y. Isolation and characterization of a novel
antialgal allelochemical from Phragmites communis[ J]. Applied
and Environmental Microbiology, 2005, 71(11) ; 6545-6553.
Nakai S, Inoue Y, Hosomi M, et al. Myriophyllum spicatum-
released allelopathic polyphenols inhibiting growth of blue-green
algae Microcystis aeruginosa [ J]. Water Research, 2000, 34
(11) : 3026-3032.
Nakai S, Hosomi M. Allelopathic inhibitory effects of
polyphenols-released by Myriophyllum spicatum on algal growth
[J]. Allelopathy, 2002, 10(2) : 123-131.

Gross E M, Erhard D, Ivanyi E. Allelopathic activity of
Ceratophyllum demersum L. and Najas marina ssp intermedia
(Wolfgang) Casper[ J]. Hydrobiologia, 2003, 506(1-3) ; 583-
589.

Mulderij G, Van Donk E, Roelofs J] G M. Differential sensitivity
of green algae to allelopathic substances from Chara [ J].
Hydrobiologia, 2003, 491(1-3) . 261-271.
Hong Y, Hu H Y, Sakoda A, et al. Isolation and
characterization of antialgal allelochemicals from Arundo donax L.
[J]. Allelopathy, 2010, 25(2) . 357-367.

ATFIC, PhSCHE, e dh, S5, JLAP e SR AR A Y o AL
R[] AKAEAMFAR, 1992, 16(1) : 1-7.

Sun W H, Yu SW, Yang S Y, et al. Allelochemicals from root
exudates of water hyacinth ( Eichhornis crassipes) [ J]. Acta
Phytophysiologica Sinica, 1993, 19(1) : 92-96.

GmbH H W. Phytoplankton Analyzer PHYTO-PAM [ M ].
Germany, 2003. 33-107.

SAET, JUEOF, MOERE, . BB IR A R A
HERGIEMEREW L], MRS, 2003, 14(6) :
867-870.

Macintyre H L, Kana T M, Anning T, et al. Photoacclimation of
photosynthesis irradiance response curves and photosynthetic
pigments in microalgae and cyanobacteria [ J ]. Journal of
Phycology, 2002, 38(1) . 17-38.

Rice E L. Allelopathy[ M]. New York: Academic Press, 1984.

Nakai S, Inoue Y, Hosomi M. Algal growth inhibition effects and

inducement modes by plant-producing phenols [ J ]. Water
Research, 2001, 35(7) . 1855-1859.
Kato-Noguchi  H.  Allelopathic  substances in  Pueraria

thunbergiana[ J]. Phytochemistry, 2003, 63(5) : 577-580.
Qian H F, Pan X J, Shi S T, et al. Effect of nonylphenol on
photosynthesis-related ~ gene

response of physiology and

transcription of Chlorella vulgaris[ J]. Environmental Monitoring
and Assessment, 2011, 182(1-4) : 61-69.

Wang J X, Xie P, Guo N C. Effects of nonylphenol on the



162 S S SR 34 %
growth and microcystin production of Microcystis strains [ J]. on comparative antioxidant activity of nonenzymatically browned
Environmental Research, 2007, 103(1) . 70-78. proteins produced by reaction with oxidized lipids and

[27] Hong Y, Hu HY, Li F M. Physiological and biochemical effects carbohydrates[ J]. Journal of Agricultural and Food Chemistry,
of allelochemical ethyl 2-methyl acetoacetate ( EMA ) on 1999, 47(2) . 748-752.
cyanobacterium Microcystis aeruginosa [ J]. Ecotoxicology and [35] Slater A F G, Stefan C, Nobel I, et al. The role of intracellular
Environmental Safety, 2008, 71(2) : 527-534. oxidants in apoptosis [ J]. Biochimica et Biophysica Acta
[28] Poulson K L, Sieg R D, Prince E K, et al. Allelopathic (BBA) -Molecular Basis of Disease, 1995, 1271(1) ; 59-62.
compounds of a red tide dinoflagellate have species-specific and [36] Ross C, Santiago-Vazquez L, Paul V. Toxin release in response
context-dependent impacts on phytoplankton[ J]. Marine Ecology to oxidative stress and programmed cell death in the
Progress Series, 2010, 416 69-78. cyanobacterium Microcystis aeruginosa[ J]. Aquatic Toxicology,
[29] Jiang D, Huang L F, Lin S Q, et al. Allelopathic effects of 2006, 78(1) : 66-73.
euhalophyte Salicornia bigelovii on marine alga Skeletonema [37] Dziga D, Suda M, Bialczyk J, et al. The alteration of Microcystis
costatum[ J]. Allelopathy, 2010, 25(1) : 163-172. aeruginosa biomass and dissolved microcystin-LR concentration
[30] Bornman J F, Vogelmann T C. Effect of UV-B radiation on leaf following exposure to plant-producing phenols[ J]. Environmental
optical-properties measured with fiber optics [ J]. Experimental Toxicology, 2007, 22(4) . 341-346.
Botany, 1991, 42(4) . 547-554. [38] Zhang S, Qiu C B, Zhou Y, et al. Bioaccumulation and
[31] Zhang M, Kong F X, Xing P, et al. Effects of interspecific degradation of pesticide fluroxypyr are associated with toxic
interactions between  Microcystis  aeruginosa  and  Chlorella tolerance in green alga Chlamydomonas reinhardtii [ J ].
pyrenoidosa on their growth and physiology [ J ]. International Ecotoxicology, 2011, 20(2) : 337-347.
Review of Hydrobiology, 2007, 92(3) . 281-290. [39] Van Breusegem F, Dat J F. Reactive oxygen species in plant cell
[32] Elbaz A, Wei Y Y, Meng Q, et al. Mercury-induced oxidative death[J]. Plant Physiology, 2006, 141(2) . 384-390.
stress and impact on antioxidant enzymes in Chlamydomonas [40] DatJ, Vandenabeele S, Vranova E, et al. Dual action of the
reinhardtii[ J]. Ecotoxicology, 2010, 19(7) ; 1285-1293. active oxygen species during plant stress responses| J|. Cellular
[33] Panda S K, Singha L B, Khan M H. Does aluminium and Molecular Life Sciences, 2000, 57(5) : 779-795.
phytotoxicity induce oxidative stress in greengram ( Vigna [41] Hejl AM, Koster K L. Juglone distupts root plasma membrane
radiata)? [J]. Bulgaria Journal Plant Physiology, 2003, 29(1- H* -atpase activity and impairs water uptake, root respiration,
2): 77-86. and growth in soybean ( Glycine max) and corn ( Zea mays)[J].
[34] Alaiz M, Hidalgo F J, Zamora R. Effect of pH and temperature Journal of Chemical Ecology, 2004, 30(2) ; 453-471.



HUANJING KEXUE Vol.34  No. 1

Environmental Science ( monthly) Jan. 15, 2013

CONTENTS

Characteristics of Total Gaseous Mercury Concentrations at a Rural Site of Yangtze Delta, China «+esereereerveresiereniennenenenienes DOU Hong-ying, WANG Shu-xiao, WANG Long, etal ( 1 )
Compositions of Organic Acids in PM,, Emission Sources in Xiamen Urban Atmosphere -+ YANG Bing-yu, HUANG Xing-xing, ZHENG An, etal ( 8 )
Analysis on Water-soluble Inorganic lons in the Atmospheric Aerosol of Xinglong LI Xing-ru, SONG Ai-li, WANG Ying-feng, et ol ( 15 )
Effects of Gaseous Compositions the on Simultaneous Removal of NO, and SO, from Simulated Flue Gas by Ammonia Absorption ««+:««+sseesereeeees WANG Hong,ZHU Tian-le, WANG Mei-yan ( 21 )
Comparing the Ammonia Volatilization Characteristic of Two Typical Paddy Soil with Total Wheat Straw Returning in Taihu Lake Region WANG Jun, WANG De-jian, ZHANG Gang, et al. ( 27 )
Real-Time Analysis of Polyvinyl Chloride Thermal Decomposition/ Combustion Products with Single Photon Ionization/ Photoelectron lonization Online Mass Spectrometer ««+:++sessereesesseeneeeeee
""""""" ++= CHEN Wen-dong,HOU Ke-yong,CHEN Ping,et al. ( 34 )
Surface Characteristics of Alkali Modified Activated Carbon and the Adsorption Capa('ltv of Methane  «+veoeereereessemennesssncncneitee ZHANG Meng-zhu, LI Lin, LIU Jun-xin, et al. ( 39 )
Distribution of Dimethylsulfoxide( DMSO) in the Surface Water of the Yellow Sea and the Bohai Sea  +++++++ B RIRRE WANG Min, ZHANG Hong-hai, YANG Gui-peng ( 45 )
Resolving Characteristic of CDOM by Excitation-Emission Matrix Spectroscopy Combined with Parallel Factor Analysis in the Seawater of Outer Yangtze Estuary in Autumn in 2010 +++eeeeee
YAN Li-hong, CHEN Xue-jun, SU Rong-guo, et al. ( 51 )
Estimation and Forecast of Chlorophyll a Concentration in Taihu Lake Based on Ensemble Square Root Filters s+ LI Yuan, LI Yun-mei, WANG Qiao, et al. ( 61 )
Research of Hyperspectral Reconstruction Based on HJ1A-CCD Data «++ seweeees GUO Yu-long, LI Yun-mei, ZHU Li, et al. ( 69 )
Research on the Sensitivity of Geochemical of Underground River in Chongging Xueyu Cave «+:ereesseeeeeee + XU Shang-quan, YANG Ping-heng, YIN Jian-jun, et al. ( 77 )
Bivariate Statistical Model for Calculating Phosphorus Input Loads to the River from Point and Nonpoint Sources - -+ CHEN Ding-jiang, SUN Si-yang, JIA Ying-na, et al. ( 84 )
Temporal and Spatial Variations of Total Nitrogen and Total Phosphorus in the Typical Reaches of Qinhuai River —+-«+ssssesseeeseessssenenicniens LI Yue-fei, XIA Yong-qiu, LI Xiao-ho, et al. ( 91 )
Derivation and Application of Sediment Quality Criteria of Cd and Hg for the Xiangjiang River —+++++:+: - JIANG Bo-feng, SANG Lei-xin, SUN Wei-ling, et al. ( 98 )
Distribution and Pollution Assessment of Heavy Metals in Soil of Relocation Areas from the Danjiangkou Reservoir -+ ZHANG Lei, QIN Yan-wen, ZHENG Bing-hui, et al. ( 108 )
Concentrations of Soil Heavy Metals and Their Spatial Distribution in the Surrounding Area of Fenhe Reservoir — «eovereeeseeresvsseiseneniiniinienen LI Jin-chang,ZHANG Hong,SHI Wei ( 116 )
Distribution and Health Risk Assessment of Heavy Metals of Groundwaters in the Trrigation District of the Lower Reaches of Yellow River -+ ZHANG Yan, LI Fa-dong, OUYANG Zhu, et al. ( 121 )
Concentrations and Distribution of Organochlorine Pesticides in the Surface Sediments of Jiaozhou Bay, Taozi Bay and Sishili Bay -+ LIU Yi-kai, ZHONG Guang-cai, TANG Jian-hui, et al. ( 129 )
Choice of Macroinvertebrate Metrics for Constructing a Benthic-Index of Biotic Integrity Based on the Disturhance Gradients in the Qinjiang River Basin = ««+ssseseseerserseneserensnenincneens
LU Dong-qi, ZHANG Yong, CAI De-suo, et al. ( 137 )
Isolation and Identification of Marinobacter adhaerens HY-3 and Its Allelopathy on Skeletonema costatum WANG Hong-hin,CHEN Wen-hui, LI Xin-shu,et al. ( 145 )
Effects of the Rice Straw on Microcystis aeruginosa Analyzed by Different Physiological Parameters SU Wen, KONG Fan-xiang, YU Yang, et ol ( 150 )
Effects of Allelochemicals Ethyl Cinnamate on the Growth and Physiological Characteristics of Chlorella pyrenoidosa » GAO Li-li, GUO Pei-yong, SU Guang-ming, et al. ( 156 )
Hydraulic Simulation and Safety Assessment of Secondary Water Supply System with Anti-Negative Pressure Facility =«+-«+«+seeseereeseee WANG Huan-huan, LIU Shu-ming, JIANG Shuai, et al. ( 163 )
Effect of Relative Molecular Mass Distribution and Hydrophilicity/Hydrophobicity of NOM on Membrane Fouling in MF-combined Process -+ HU Meng-liu, LIN Jie, XU Guang-hong, et al. ( 169 )
Effect of Permeabilization on Sulfate Reduction Activity of Desulfovibrio wulgaris Hildenborough Cells in the Presence of Different Electron Donors «+seseeseesesevessserensninenininsinenen
..................................................................................................................................................................... XU Hui-wei, ZHANG Xu, LI Li-ming, et a. ( 177 )

Dechlorination of HCB by Bimetals Based on Zero Valent Iron ZENG Xian-wei, LIU Jian-guo, NIE Xiao-gin ( 182 )

ZHANG Xiao-na, ZHOU Shao-qi, ZHOU Xiao ( 188 )

Study on Kinetics of Photoelectrocatalytic Degradation of Supported Ti0, on Malachite Green

Measurement and Analysis of Micropore Aeration System’s Oxygenating Ability Under Operation Condition in Waste Water Treatment Plant —«++eesrereeeserserensnmeneninininninninenne
...................................................................................................................................................... WU Yuan-yuan, ZHOU Xiao-hong, SHI Han-chang, et al. ( 194 )
Influence of Microbubble and Its Generation Process on Mixed Liquor Properties of Activated Sludge + LIU Chun, MA Jin, ZHANG Lei, et al. ( 198 )
Impact of Different Nitrogen Concentrations on the N,0 Production in the Denitrification Process of Granular Sludge HAN Xue,GAO Da-wen ( 204 )
Effect of Simulated Heavy Metal Leaching Solution of Electroplating Sludge on the Bioactivity of Acidithiobacillus ferrooxidans -+ XIE Xin-yuan, SUN Pei-de, LOU Ju-qing, et al. ( 209 )
Characteristic and lon Exchanges During Cu® *and Cd> * Biosorption by Stenotrophomonas maltophilia BAI Jie-qiong, YIN Hua, YE Jin-shao, et al. ( 217 )
Sorption of Nitrobenzene to Anionic Surfactant Modified Layered Double Hydroxides -+ XIA Yan, ZHU Run-liang, TAO Qi, et al. ( 226 )
Study on Phosphate Removal and Recovery by Activated Alumina «+:eoseseereeseeesennenseenenne -+ MENG Wen-na, XIE Jie, WU De-yi, et al. ( 231 )
Spatial Distribution of Inhalable Particulate and Association with Respiratory Disease in Beijing City YANG Wei, ZHAO Wen-ji, GONG Zhao-ning, et al. ( 237 )
Pollution Levels of Perfluorochemicals in Chicken Eggs and Duck Eggs from the Markets in Beijing «+++svteeeeereerersrmerininninninininen Ql Yan-jie, ZHOU Zhen, SHI Ya-li, et ol. ( 244 )
Residual Levels of Pesticides in Freshwater Fish from Beijing Aquatic Product Markets and Health Risk Assessment ««e-eeseeeeseeeeeseees U Zhi-yong, JIN Fen,SUN Jing-fang et al. ( 251 )

Characterizing the Toxicity Interaction of the Binary Mixture Between DMSO and Pesticide by the Multi-Effect Residual Analysis (MERA) «-eseeseeseeesesessmsimmeniensneninnnncnene

""""" HUO Xiang-chen, LIU Shu—shen, ZHANG Jing, et al. ( 257 )
Isolation of Quizalofop-p-ethyl-degrading Bacteria from Soil by DGGE-Colony in situ Hybridization «+:+«+sseseseressersssensnsenniinsin: LU Xin, PENG Xia-wei, HU Qing, et al. ( 263 )
White-Rot Fungi Combinations Impact on Enzyme Productions —+-x+«ssssetsesessssesssmsimmitneniiiininsn e MENG Yao, LIANG Hong, GAO Da-wen ( 271 )
Effects of Different Fertilizer Application on Soil Active Organic Carbon -+ ZHANG Rui,ZHANG Gui-long,J1 Yan-yan, et al. ( 277 )
Effect of Reclamation on the Vertical Distribution of SOC and Retention of DOC HUO Li-li, ZOU Yuan-chun, GUO Jia-wei, et al. ( 283 )
Distribution Characteristics of Soil Organic Carbon and Its Composition in Suaeda salsa Wetland in the Yellow River Delta +++ DONG Hong-fang, YU Jun-bao, GUAN Bo ( 288 )
Study the Restoration Technology of Concentrated Application-Natural Diffusion about Amendments of Acidified Soil of Hilly -+ FANG Xiong, LIU Ju-xiu, YIN Guang-cai, et al. ( 293 )
Optimizing Remediation Conditions of Non-thermal Plasma for DDTs Heavily Contaminated Soil - -+ CHEN Hai-hong,LUO Yong-ming, TENG Ying, et al. ( 302 )
Chemical Extraction of Arsenic Co-precipitated with Amorphous Fe (OH); and Fe;0, -+ CHEN Yi-ping, WANG Shao-feng, JIA Yong-feng ( 308 )
Influence of Aluminum and Manganese on the Growth, Nutrient Uptake and the Efflux by Ectomycorrhizal Fungi -«+veveeeeeeveesiereneneisinennenes LI Hua, HUANG Jian-guo, YUAN Ling ( 315 )
High-solids Anaerobic Co-digestion of Sludge and Kitchen Garbage Under Mesophilic Conditions DUAN Ni-na, DONG Bin, LI Jiang-hua, et al. ( 321 )
Preparation, Characterization and Adsorption Performance of High Surface Area Biomass-based Activated Carbong —«ereeseeerereneeesennenseneenes LI Kun-quan, LI Ye, ZHENG Zheng, et al. ( 328 )
Study on Strategies of Pollution Prevention in Coastal City of Zhejiang Province Based on Scenario Analysis = «+-«eresseoreerseeresensenseenes TIAN Jin-ping, CHEN Lii-jun, DU Peng-fei, et al. ( 336 )
Advance in the Bioavailability Monitoring of Heavy Metal Based on Microbial Whole-cell Sensor : HOU Qi-hui, MA An-zhou, ZHUANG Xiu-liang, et al. ( 347 )
Characteristics of Heavy Metal Contamination in Street Dusts Along the Urhan-Rural Gradient Around Beijing «++++++--- HE Xiao-yan, GU Pei, LI Xu-yong, et al. ( 357 )
Content Trends of Pollutants in Street Dust of Beijing Along the Urhan-Rural Gradient and Road Density Gradient «+-«+s«sseseesesseareseens TANG Rong-li, MA Ke-ming, ZHANG Yu-xin, et al. ( 364 )
Analysis of First Flush Effect of Typical Underlying Surface Runoff in Beijing Urban City +«seeseseereesseesenensnsmncncneennenns REN Yu-fen, WANG Xiao-ke, OUYANG Zhi-yun, et al. ( 373 )
Temporal Variation of Water Quality and Driving Factors in Yanghe Watershed of Zhangjiakou PANG Bo, WANG Tie-yu, LU Yong-long, et al. ( 379 )
Research on Carbon Reduction Potential of Electric Vehicles for Low-Carbon Transportation and Its Influencing Factors - SHI Xiao-ging, LI Xiao-nuo, YANG Jian-xin ( 385 )
Investigation of Waste Classification and Collection Actual Effect and the Study of Long Acting Management in the Community of Beijing +++++++ DENG Jun, XU Wan-ying, ZHOU Chuan-bin ( 395 )
Problems and Countermeasures in the Application of Constructed Wetlands ««+vtseeoeseererersessimmininninni e HUANG Jin-lou, CHEN Qin, XU Lian-huang ( 401 )



CGrMER=ZIE 6

E 4 KHAZ

BlES. RS ORGER MmNl

% F. (FEREEARY)
HENT EAR EYL%E
AOKE XS A
BRFHAZ B %2 M

| HosE 3 A

w3

(HUANJING KEXUE)

B
PR T

HRFRF

ER
(i
I
% B

EHREERS

HE #F %
Jalol - Mgz
XK W OE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(AF 1976 4F 8 AGIH)
2013451 H15H 34% 11 Vol.34 No.1 Jan. 15, 2013
+ Z T EPBER Superintended by Chinese Academy of Sciences
* B P EREEE S THEME T Sponsored by Research Center for Eco-Environmental Sciences, Chinese
o3 7 ( [,‘J\;ﬁ%j]ufla):jjf?) Academy of Sciences
b5 T I 8 1 i R 2 ST Co-Sponsored by Beijing Municipal Research Institute of Environmental
WA K 2 RO 2% R Protection
= School of Environment, Tsinghua University
* & KK oE
% B (R ) SR RS Editor-in -Chief OUYANG Zi-yuan
N AR
BT 2871 £ (] /—ﬁ[:f(l{}:"ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
I H
KEXUE
18 5 B ECARS 100085 ) T .
HIE 01062941102 ,010-62849343 P. 0. Box 2871, Beijing 100085 , China
ﬁfﬁ.OlO 62849343’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—mai.l-hjkx@ reees. ac. en E-mail ; hjkx@ rcees. ac. cn
http : //www. hjkx. ac. ¢n http://vww. hjkx. ac. en
i BR 4 8 2 " it Published by Science Press
b A AR AL 16 2 16 Donghuangchenggen North Street,
H}ngﬁﬁ% . 100717 Beijing 100717 ,China
BN ORI 23T JbscdvakeEnkl Printed by Beijing Bei Lin Printing House
% .ﬁ- 44 4 & K ik Distributed by Science Press
1,17 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT Jﬂj.] Ab %@%ﬂﬁﬂm%% Domestic All Local Post Offices in China
9[‘1%\&?-? ':F‘ [Tfl Iﬂﬁ%@:ﬁﬁgjlé\/é§ Foreign China International Book Trading Corporation ( Guoji
(63T 399 {5%6) Shudian) , P. 0. Box 399, Beijing 100044 , China
- ISSN  0250-3301 Ny
ETS . 2-821
HERET]S CN 1L.1895/X ENEEKS:
W E fir:90.00 5T ESEITRS: M 205

EWSHhAFET




	01.pdf
	fm.pdf
	zml.pdf

	20130123.pdf
	03.pdf
	yml.pdf
	fd.pdf




