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Study on the Chlorella pyrenoidosa Cultivation Technology Based on the Excess

Sludge Utilization

JI Wen-wen, XIA Hui-long, FANG Zhi-guo, LIU Hui-jun
(College of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract: Microalgae cultivation based on the waste water or other reused waste can not only make rational use of the waste, but also
provide cheap materials for microalgae production. In the present study, Chlorella pyrenoidosa was used to develop a new way for
microalgae cultivation based on the mix culture media with different ratio of sludge extracts and SE ( selenite enrichment). Results
showed that after 14 d cultivation under the same cultivating condition, the absorbency of C. pyrenoidosa at 680 nm was 0. 858 and
0. 845, respectively, when the ratio between culture medium of SE and sludge extracts was 1: 9 and 2: 8, and the absorbency at 680 nm
was 0.247 and 0. 571, respectively, when the ratio between culture medium of SE and sludge extracts was 0: 10 and 10: 0. Our results
also demonstrated that highest content of chlororphyll, B-carotene and protein was achieved in C. pyrenoidosa cultivated in the mix
medium between SE and sludge exiracts with the ratio of 2: 8. Therefore, sludge extracts can be used as a good medium to cultivate C.
pyrenoidosa, and the C. pyrenoidosa grew much better in this mix medium than in SE medium. In this study, the best condition for C.
pyrenoidosa cultivation was achieved in the mix medium with 80% sludge extracts, and C. pyrenoidosa grew very well and the content
of chlororphyll and protein was also high in the microalgae cell in this mixture medium.

Key words : Chlorella pyrenoidosa; excess sludge; sludge extracts; microalgae cultivation
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Fig. 1 Growth figure of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE
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Fig. 2 Growth curve of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE
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Fig. 3 Specific growth rate of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE
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Fig. 4 Chlorophyll content of C. pyrenoidosa based on the mix

culture media with different ratio of sludge extracts and SE
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Fig. 5 B-carotene content of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE

2.4 {5 > B AU SE B Rk X R
FUAZ/NERBEU AR ™ 5 B2 TR
2.4.1 HEHAR/NERBEEARS R

K 6 ATEAER A5 T A/ N ERBEREIF 14 d
e 240 R ) A R A AR RTR A R A R

90
80
70 ELE
60
50
40
30

i)

10:0 911 82 733 64 55 46 3:7I2:8I1:9I0:10
SEREFRE: 515 VR MR M L4l

ES

EHFR/mg L

E6 SRMREMBADEMEN SE BEFEERH
ZINKRENEAREE
Fig. 6 Protein content of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE



626 EZN

B i

W RER) LA S A KA B-H1 8 N R AR L
BEA TR 5 HE 7R B v i 8 Al 42 L 191 B 1 R B
FETG VA BRI & itk 80% MR A B B K fH 83. 51
rng-L*l , Bl 5 35T T B
2.4.2 EHB/NEREZHE SR

K7 AR 25 F T 8 R/ N BRI 14 d
IR P 2 RS R AT LSO Ry AR |
SRR TE . B MRS R AEA SR, A
2 WS RS . i 7 ARG R
B 2 S S R R ek 2
W EASRE  UR B IR SRR W 2
B HE R BRI RE R 2 M N S TRIR &
Biarderp it T H .

10:0 9:1 82 7:3 64 55 46 37 2:8 1.9 0:10
SEREFFHE 515 VR M bL 4]
B7 SiRERKREBSHEHBEN SE BEREES
ZINKRHBEEE
Fig. 7 Polysaccharide content of C. pyrenoidosa based on the

mix culture media with different ratio of sludge extracts and SE
3 g

NS (ol A 7 i R A A B AR ™ 2 4 1]
AL, FE N AMITFEN B8 R B K sl R SR 1 SR
Tl , AN AT LA B 57 05 21045 BRI AT T ELads )
DA RCEE S SR S SRR B0k, A IR A 2 o
TR Z R E B R K | RSP 4t i
POALER 45 0] F] T (e 40 M 55 5%, R e i
KRR K . SR LA R B 220K | il
25 PRI WS T ALK & 4K . A ALED
QIR | WK 8K 45 B 0 57 5, T B FR AN T)
FHIR e, A T B i AR 2 R I
157K B BEAE BEHROR 1 A s e, DT i
KIGIREHFE AV RER ., O, FPEEIRILR
DARCRE | 87 4k B 5 JEHLERT 0 IR ot ) Ax v
JEAF R CE iy 15 F5 3 J5t, — i ] LA DR felg e 5 7
T A A B AR [, 5 — 7 T ] S B A
TG VEBTRALAN T, 20 b PR Ak B8 A 0 5

[ Al g

A5 38 o A - 1 Ak BRATC M T R A 75 K
T~ U0 R A TS Ve AR AT T Ve AR R, R A TS e
TR 2 B 4 TR SE 55 37 I 55 37 B A% /)N
BR8P 680 nm R IIEEE | b A K
FOMRER | B-IHE MR AU S w0
FEI5 VR RO B 11 A% /INER i 15 37 (R AT R . 25
T, fEOBUE AT, kiR 4 S 80
pwmol - (m*+s) ', K5 FR I FE R 25°C, S s A B A
12 h/12 h M6 CO, WIS TSR 14 A, BB TR &
REFR I 5 I TR W LU B Y B G, B A% /N ER
P ST A KRR 2 E TS IF H AR5 Ve iR
LL A5 909% B, FOG % BE R L AR K R R K. Y
100% 15 P H2 Bk 35 37 it O 28 B A L AR K
FRESRA T T HB A5 100% ] SE K FRHok
FRFRT 2 f5 2. [RIRE B R /INER BRI 2 R | B-
AR N ORI (T R B T Ve AR L Y
HER M 2R3 hn , 7275 Ve 2 LU EE ol 80% K ik %]
TR, B 5 Bl T TRV L B n 2 T Bk B
MU L B BFSE 25 F T LIAS N, ) x5 Ve 4 v 58 4
A DAAE R385 3R 36 A /INBR I 1 R G 6 5, I LR,
FERCREA A T AR v B 55 2. OB O B VE TR
BENSFEREE RS W) BRI R TS
VPR BTHR AR D e 25 5, & 8 T 5 Je il $e
P S A FE A, BEEEFROUE, 0 H G Ve 4
WY COD T SE #5373, X n] Ayl A KA
R HETE R 1 E IR AR, I AR5 Ve iR e IR &
BRI e ) F ) . AR R AR R 2
X EARA YA AR UL, & P AR S T A RS — A
AP BRI B B AT R A R R R % A A
Proxot S — AR 2SR B T L 3 e A T AR AR
— B R Rk R —E R LUR, S E A
A% /INBR B A R B A 2 — e A PRI, AT
TN FERRAR, LA KR R R, ARSI S
I YA L 7R 90% ) SE 85 35 3k 5 41
W LB A 90 1, 4 2 | B-5H % N R AE AR
() AR TR LB R 80% 1Y% . 24 58 4 LA
PRGN FE G R A% /DR B, A KR B ARNR A=
RGPS 322 2 T R X U S YRl AR T
AT REAEAE A PR 2 0 28 1) A R R A= AR
FE AR R AR R . PR e A TS Ve AR
REFRIERT , N A A A T Ve A RV S A o B R L
(14 L 3], BB ARAIE 5 DR A B2 VL v 1) 8 35 A o0 1 e )
FIR, Skl Y il A2 rh i A A A BN T



2 RESE TS FETI5 I IRALA 1 8 P/ N ( Chlorella pyrenoidosa ) 5 FRHIFSE 627

B R A A RE A

AT 5T 25 ST DU IR A 35 5 3 T e il 4
T ELBIR 80% i, B 1 A% /INBR 386 1) 1 B4 4, I
HM R 58 A & R em , B E AT i 56
ZAET, T RBRZ L9 B R A A /N BRE A K 1
TR L. 5 AR A5 9T K B, MR T K 5
Al 50% F5 A% Zarrouk 35 7R3k, FH T 55 4l To 2 e 35
H AW A, 1] 80% BACFRER; Fe 5 T4
TR /NBR A W AR R AR | X S AR T 4
JEIEAAH ], A 55 v A 75 P i 4 T ) 85 R 3 R
FIAZ /IR 14 A K RO I A 40 SE RF R 3E.

4 it

(1) B TR A B 7 2 v T e il £ R L B 1Y) 3 i
B, EER/NREE R S TR KRR TS T
TG VR L35 5] 80% ~90% I ik Bl ik, I H
100% FY 75 e $2 9 o 5 37 5L 8 AR/ NERBE Y A2
KAGLLW AL T 100% 1) SE HigR Ak,

Q) EHB/NERBEER MR | B-E PR ME
P10 A B A 75 e i VA L o 98 AT 58 7
I 75 Ve R L 80% M 1A B k.

) ABFER I R AF T IR G H IR s rhis e ah
FEWA LR 80% I, 25 FIAZ /N ER B Y K S B
I H g R 5 8 T i e, PR AR L
SE AR R/ INBR R R 1 B R A

(4) FIAT5IeH PRI 58 4] LIAE N 55 37 8 1
ANERBERY RAFHE BT, O O FR ORI AL T Hobs
HERE TR AL,

SE W

[1] CaiQY, Mo C H, Wu Q T, et al. Occurrence of organic
contaminants in sewage sludges from eleven wastewater treatment
plants[ J]. Chemosphere, 2007, 68(9): 1751-1762.

[2] WangC, Hu X, Chen M L, et al. Total concentrations and
fractions of Cd, Cr, Pb, Cu, Ni and Zn in sewage sludge from
municipal and industrial wastewater treatment plants[ J]. Journal
of Hazardous Materials, 2005, 119(1-3) . 245-249.

[ 3] BR4YE, ELrih. YRI5 KA B ¥5 U8 i 9 I Ak R AF 5
[J]. WLl oR22%4, 2007, 35(3) : 337-340.

(4] #Ezie, By, BOLW, 5. BTSRRI 5 sk
FUHERRPI[I]. ToalkALEE, 2004, 24(2) : 8-11.

[5] Z=E2, skl BIEEHENCI SR E ™[ M].
Jemt, A2 Tl R, 2000.

[6] skEL, Ik, 2BL BREGHEVICHASRAHT].
T EZKHEK, 2003, 19(6) : 66-67.

(7] RGRW, Wim, XU, 55 35 K is Je ik bedh 01 2 ¢
PERFTE[T]. kRS TR, 2004, 20(5) : 5-7.

[ 8] ZEM:IT, Wavi~F. 57K I5 IR Yok /K i me B i 5 Pk R AIF 5%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[J]. REMEEREER, 2005, 35(1) : 91-94.
NG RSO, AN ISR EE S ], B
iRl 54K, 2005, 28(2) : 92-94.

Zhou W, Li Y, Min M, et al. Local bioprospecting for high-lipid
producing microalgal strains to be grown on concentrated
municipal wastewater for biofuel production [ J]. Bioresource
Technology, 2011, 102(13) : 6909-6919.

Li Y, Chen Y F, Chen P, et al. Characterization of a microalgae
Chlorella sp. well adapted to highly concentrated municipal
wastewater in nutrient removal and biodiesel production [ J].
Bioresource Technology, 2011, 102(8) . 5138-5144.

Liu J, Ma X Q. The analysis on energy and environmental
impacts of microalgae-based fuel methanol in Chinal J].

Policy, 2009, 37(4) . 1479-1488.

Energy

Irena D, Frantisek K, Ywette M, et al. Utilization of distillery
stillage for energy generation and concurrent production of
valuable microalgal biomass in the sequence: Biogas-
cogeneration-microalgae-products [ J |, Energy Conversion and
Management, 2010, 51(3) : 606-611.

Berberoglu H, Gomez P S, Pilon L. Radiation characteristics of
Botryococcus braunii, Chlorococcum littorale, and Chlorella sp.
used for CO, fixation and biofuel production [J]. Journal of
Quantitative Spectroscopy and Radiative Transfer, 2009, 110
(17) . 1879-1893.

Li Y Q. Biocatalysts and bioreactor design[J]. Biotechnology
Progress, 2008, 24 . 815-820.

Mgk, TRRER, BORIE, AF. T e A 7 A A R VR Y
oL [T]. EBUEIAAAESE, 2008, 26(6) : 650-660.
SRER. RIS K 15 IR SR R R B SE [ D
B PIEMEEHERE, 2007, 20-21.

R, ZR, BRI, ORI A WA R
SRR R[], AEZSER, 2009, 29(6) ; 3288-
3294.

RhER, FEEH, RiHdh. A B PO JRaR R A K R
MLJ]. TURRFEFR (B , 2009, 22(3) : 326-331.
KR, AL RUE CO, X/NETH 22TV a0 Mk R I 1
TEHEFDEEERIBEN (1], TN RS2 ( HARRR IR |
2009, 8(3): 49-53.

i, By, RFI. UV-B MMM EOLE ARME S
HIREIAL)]. AR, 2003, 22(1) ; 42-44.

VelhAR, WHRA, =, 5. PR R K s Tk SR b
THUBR 8 R /N IR R BT (J]. R IIE @ i, 2000,
(3):15-19.

Dubois M, Gilles K A, Hamilton J K, et al. Colorimetric method

I

for determination of sugars and related substances[ J]. Analytical
Chemistry, 1956, 28(3) : 350-356.

GB 11914-89 /K 5T -k 275 Uk I i —E A5 R R [ S ]

GB 11893-89 7K 5 - Ehi 1 I & —$H AR B 43O EETA [ S ]

GB 11894-89 7K J5 -\ & 149 1) 2 — il M o 2 0 0 e 5 o0 o
bR S].

HI/T 346-2007 7K JST-fiff 2 &k 2009 ) 78— 28 40 43 D60l B 12
[s].



628

wooom

il

2 34

[28]

[29]

[30]

[31]

[32]

GB 7493-87 K- LA AR AR R I E— 36 BEIA [ ST
Orpez R, Martinez M E, Hodaifa G, et al. Growth of the
microalga Botryococcus braunii in secondarily treated sewage[ J].
Desalination, 2009, 246 (1-3) : 625-630.

Wang L, Li Y C, Chen P, et al. Anaerobic digested dairy
manure as a nutrient supplement for cultivation of oil-rich green
microalgae Chlorella sp[ J]. Bioresource Technology, 2010, 101
(8):2623-2628.

Wang L, Min M, Li Y, et al. Cultivation of green algae
Chlorella sp. in different wastewaters from municipal wastewater
treatment plant [ J]. Applied Biochemistry and Biotechnology,
2010, 162(4) . 1174-1186.

Chinnasamy S, Bhatnagar A, Hunt R W, et al. Microalgae

cultivation in a wastewater dominated by carpet mill effluents for

[33]

biofuel applications [ J ]. Bioresource Technology, 2010, 101
(9):3097-3105.

Goyal S, Dhull S K, Kapoor K K. Chemical and biological
changes during composting of different organic wastes and
assessment of compost maturity [ J ]. Bioresource Technology,
2005, 96(14) : 1584-1591.

Adani F, Tambone F. Long-term effect of sewage sludge
application on soil humic acids[ J]. Chemosphere, 2005, 60
(9): 1214-1221.

Triwse, SRR, FRERR IR TS Ve b 24 b A R s e
WI[J]. t3HE, 2001, 33(4) : 205-209.

JRSEAE, WISR AL, §1RE. DRETH LTS Ve A2 4 i S FE A BE
e (1], WY& IR 5 =i, 1997, 3(2): 176-
181.



HUANJING KEXUE Vol.34  No.2

Environmental Science (monthly) Feb. 15, 2013

CONTENTS

Characterization of Chemical Compositions in PM,, 5 and Tts Tmpact on Hazy Weather During 16" Asian Games in Guangzhou

409
416
424

TAO Jun, CHAI Fa-he, GAO Jian, et al. (
ZHAO Xiu-juan, PU Wei-wei, MENG Wei, et al. (
WANG Qian, CHEN Chang-hong, WANG Hong-li, et al. (
Study on Number Concentration Distribution of Atmospheric Ultrafine Particles in Hangzhou ««+«+-sseseereesesemmsnmnmnienennnnnnncnenns XIE Xiao-fang, SUN Zai, FU Zhi-min, et al. ( 434
LI Xing-ru, DU Xi-qiang, WANG Ying-feng, et al. ( 441
ZHOU Bian-hong, ZHANG Cheng-zhong, WANG Ge-hui ( 448
SU Bin-bin, LIU Xin-dong, TAO Jun ( 455

(

(

(

(

(

(

(

PM, 5 Pollution and Aerosol Optical Properties in Fog and Haze Days During Autumn and Winter in Beijing Area

Forming Potential of Secondary Organic Aerosols and Sources Apportionment of VOCs in Autumn of Shanghai, China

Pollution Characteristics and Source Identification of Atmospheric Particulate Matters n-Alkanes in Baoding City ~++++++++++

Study on Pollution Characteristics of Carbonaceous Aerosols in Xi'an City During the Spring Festival

Characteristics of PM, and PM, 5 Concentrations in Mountain Background Region of East China
Assessment of TVOC and Odor in the Remediation Site of Contaminated Soil and Groundwater Using Electronic Noge weoveeeesesereneseanennes TIAN Xiu-ying, CAI Qiang, LIU Rui, et al. ( 462
Characteristics of Mercury Exchange Flux Between Soil and Atmosphere Under the Snow Retention and Snow Melting Control - -+ ZHANG Gang, WANG Ning, Al Jian-chao, et al. ( 468
Study on Heavy Metal Contaminations and the Sources of Pb Pollution in Jinghai Bay Using the Stable Isotope Technique «+«++«eeeseeeeee XU Lin-bo, GAO Qin-feng, DONG Shuang-lin, et al. ( 476
OU Jie, WANG Yan-hua, YANG Hao, et al. ( 484
LIU Yu-yan, LIU Hao-feng, ZHANG Lan ( 494
ZHANG Zheng-cai, DONG Zhi-bao ( 499
Regionalization of the Freshwater Eco-regions in the Haihe River Basin of China +vseesesesrererensenminieninninininienns SUN Ran-hao, JI Yu-he, SHANG Lin-yuan, et al. ( 509
Characteristics of Diffuse Attenuation Coefficient of Underwater Iradiance in the Lakes in the Middle and Lower Reaches of Yanglze River —+vreeeeeresrersesssensienieniinininiinincnen
............................................................................................................................. SHI Zhi-giang, ZHANG Yun-lin, WANG Ming-zhu, et al. ( 517 )
HUANG Chang-chun, LI Yun-mei, XU Liang-jiang, et al. ( 525 )
Effect of Dissolved Oxygen on Diversity of Ammonia-Oxidizing Microorganisms in Enrichment Culture from Estuarine Wetland Surface Sediments and Ammonia-oxidizing Rate ~ «++e+veeerereeeeee

Eco-environmental Evolution Inferred from n-Alkanes and 3" Records in the Sediments of Shijiu Lake

Distribution of PGEs Contents and Its Factors in Snowfall and Snow Cover over the Arid Region in Changji City

Effect of Dust Deposition Collection Methods on Collection Efficiency «+«sesrereereseeresneressienenneen

)
)
)
)
)
)
)
)
)
)
)
)
)
)

Study on Influencing Factors and Universality of Chlorophyll-a Retrieval Model in Inland Water Body «++++-+

-+ ZHANG Hua-bing, LIU Hong-yu, LI Yu-feng, et al.
ZHOU Liang, XU Jian-gang, SUN Dong-qi, et al.
CUI Yu-jie, LIU De-fu, SONG Lin-xu, et al.
+ DONG Wen, LI Huai-en, LI Jia-ke

540
547
555
561
570

Spatial Heterogeneity and Classified Control of Agricultural Non-Point Source Pollution in Huaihe River Basin

(1540)
(1547)
Phosphorus Output Characteristics Under Different Rainfall-Runoffs in Gaolan River ( )
Monitoring and Analysis on Evolution Process of Rainfall Runoff Water Quality in Urban Area ( )
Characteristics and Contribution of the Strengthening Units of Composite Constructed Wetland for Treating Urban Sewage «+-eeeseeerevsesesenneneennes REN Feng,LU Yi-xia, LIU Qin, et al. ( )
ZHENG Qi, CHEN Chao, ZHANG Xiao-jian, et al. ( 576 )
LI San-hua, ZHANG Qi-ya ( 583 )

YAO Yuan, LI Feng-min, LI Yuan-yuan, et al. ( 589 )
(15%)

(1604)

(6l1)

(616 )

(622)

(629)

Inactivation of Mycobacteria mucogenicum in Drinking Water; Chlorine Resistance and Mechanism Analysis

Partial Biological Characteristics and Algicidal Activity of an Algicidal Bacterium

Effects of Macrophytes Pyrolysis Bio-oil on Skeletonema costatum Antioxidant Enzyme Activities

Mechanism and Kinetics of Phenol Degradation by Ti0, Photocatalytic Combined Technologies ++= ZHANG Yi, HUANG Ruo-nan, WANG Xiao-min, et al. ( 596
Biodegradation Characteristics of Organic Pollutants Contained in Tannery Wastewater =w««+sssssseeseresensnmmsnmnnienensnssneneee WANG Yong,LI Wei-guang, YANG Li, et al. ( 604
Microbial Degradation Mechanism of Disperse Azo Dye Red 30 by Streptomyces sp. FX645 611
Study on Preparation and Performance of a Biological Carrier with Tourmaline 616

622
629

XIE Lian-wu, FANG Ji-qian, GUO Ya-ping
YANG Ji-xian, ZENG Hong-yun, ZHOU Yi, et al.
Study on the Chlorella pyrenoidosa Cultivation Technology Based on the Excess Sludge Utilization JI Wen-wen, XIA Hui-long, FANG Zhi-guo, et al.
Effects of Mild Thermal Pretreatment on Anaerobic Digestibility of Sludge with Low Organic Content CHEN Han-long, YAN Yuan-yuan, HE Qun-biao, et al.
Effect of Natural and Hydrothermal Synthetic Goethite on the Release of Methane in the Anaerobic Decomposition Process of Organic Matter «««+w+srerrererreressesensnmsscnessinensiennenees

YAO Dun-fan, CHEN Tian-hu, WANG Jin, et al. ( 635 )
Concentrations and Distribution Characteristics of PCDD/Fs in Spent Etching Solution and Its Copper Salt Recycling Products «+«++=+seseeeeseeeenee QING Xian, HAN Jing-lei, WEN Yan-shen ( 642 )
Case Study on Health Risk Assessment Based on Site-Specific Conceptual Model ZHONG Mao-sheng, JIANG Lin, YAO Jue-jun, et al. ( 647 )
Study on the Risk Assessment Method of Regional Groundwater Pollution YANG Yan, YU Yun-jiang, WANG Zong-qing, et al. ( 653 )
Groundwater Organic Pollution Source Identification Technology System Research and Application «:+s«+ssseessesesserersessneneniens WANG Xiao-hong, WEI Jia-hua, CHENG Zhi-neng, et al. ( 662 )
Study on Soil Organic Carhon Pools and Turnover Characteristics Along an Elevation Gradient in Qilian Mountain +++ ZHU Ling-yu, PAN Jian-jun, ZHANG Wei ( 668 )
Response of Black Soil Organic Carbon, Nitrogen and Iis Availability to Long-term Fertilization LUO Kun, HU Rong-gui, ZHANG Wen-ju, et al. ( 676 )
Phytoavailability and Chemical Speciation of Cadmium in Different Cd-Contaminated Soils with Crop Root Return = +«+«ssesseseereenesseseneens ZHANG Jing, YU Ling-ling, XIN Shu-zhen, et al. ( 685 )
Study on Mechanism of SOM Stabilization of Paddy Soils Under Long-term Fertilizations ««+-++eseeseereeresesesnsnensimminennniniinisininenns LUO Lu,ZHOU Ping, TONG Cheng-li, et al. ( 692 )
Aging Process of Cr(Ill) in 22 Typical Soils of China and Influence Factors Analysis ZHENG Shun-an, ZHENG Xiang-qun, LI Xiao-chen, et al. ( 698 )
Residual Characteristics of HCHs in Soils of a Former Lindane Production Enterprise «:«+:esetoeeessveesessienicnennnnes -+ PAN Feng, WANG Li-li, ZHAO Hao, et al. ( 705 )
Evaluation and Source Analysis of the Mercury Pollution in Soils and Vegetables Around a Large-scale Zinc Smelting Plant ««+:++-++seseereeseee LIU Fang, WANG Shu-xiao, WU Qing-ru, et al. ( 712 )
Residue of Organic Fluorine Pollutants in Hair and Nails Collected from Tianjin YAOQ Dan, ZHANG Hong, CHAI Zhi-fang, et al. ( 718 )
Analysis of Estrogens, Nonylphenol , 4-tert-Octylphenol and Bisphenol A in the Sediments WU Wei, SHI Jiang-hong, CHEN Qing-cai, et al. ( 724 )
Investigation of As, Cu and Zn Species and Concentrations in Animal Feeds YAO Li-xian, HUANG Lian-xi, JIANG Zong-yong, et al. ( 732 )
Residue Dynamics of Flubendiamide in Paddy Field - *+ WANG Dian-dian, SONG Ning-hui, WU Wen-zhu, et al. ( 740 )
Isolation of Two Endophytic Phenanthrene-Degrading Strains and Their Degradation Capacity NI Xue, LIU Juan, GAO Yan-zheng, et al. ( 746 )
Biodegradation of Nitrobenzene by a Halophilic Myroides odoratimimus Strain Y6 LI Tian, QIAN Kun, XIAOQ Wei, et al. ( 753 )
Effect of Immobilization on Biosensor for Benzene Derivates Detection TANG Kuo,MA An-zhou, YU Qing, et al. ( 760 )

LIU Tao, LI Dong, ZENG Hui-ping, et al. ( 773 )
Biodegradation of Lignocellulose by Penicillium simplicissimum and Characters of Lignocellulolytic Enzymes SHEN Ying, HU Tian-jue,ZENG Guang-ming, et al. ( 781 )
Microbial Community Structure and Distribution Characteristics in Oil Contaminated Soil YANG Meng-qing, LI Li-ming, LI Chuan, et al. ( 789 )
Degradation of Oxytetracycline in Chicken Feces Aerobic-Composting and Its Effects on Their Related Parameters WANG Gui-zhen, LI Zhao-jun, ZHANG Shu-qing, et al. ( 795 )
Research of Moisture Content Variation in MSW Landfill ++««+esseeerserrsrnssimnmmnmnmininiiin LI Rui, LIU Jian-guo, XUE Yu-wei, et al. ( 804 )
Anaerobic Digestion of Lignocellulosic Biomass with Animal Digestion Mechanisms — +x«+sessesserseseserensensnenmsmensniesss WU Hao, ZHANG Pan-yue, GUO Jian-bin, et al. ( 810 )



o
B X%

(REERILE) B

R PH H i
2 s I I

#OE. (FREREEART)

L
6 EREERE I
-

K \ 1y 57
TENL FARE FIE E44 B N B O REE
3o B | BT o o 2,
AOKE XEEE s BRET & S MREH
= = > 3 ==
QRS BT 5 =v SR S N (PSS = 3 SO
O M s W W W W BERK
-
% % ﬁ 5 ENVIRONMENTAL SCIENCE
(HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 48 AAIT)
201342 H15H 34% 2 Vol.34 No.2 Feb. 15, 2013
F & hEPER Superintended by Chinese Academy of Sciences
* B P EP A SR P Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i3 B (UBIEENFE) Academy of Sciences
LB T R4 ,f% PR 22 W5 e Co-Sponsored by Beijing Municipal Research Institute of Environmental
AR N7 N T Protection
+ % ORI H o School of Environment, Tsinghua University
i B (AP ) 5B E D= Egi:();-in o by g:Y};\;tG 'Zil-y];and f Envi tal Sci (HUANJING
Ll 2871 L5 (e LS B ite y e Editorial Board of Environmental Science >
18 5, MR B 4t fi% 100085 ) KEXUE) )
H1i% :010-62941102,010-62849343 P- 0. Box 2871, Beijing 100085, China
1§‘E:010—62849343 ’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E-r/rl;;l :hjkx@ rcees. ac. cn E-mail ; hjlx@ reees. ac. cn
hitp ://www. hjkx. ac. cn http : //www. hjkx. ac. ¢n
H KR 4 ) " " i Published by Science Press
e e L HImAR AL 16 2 16 Donghuangchenggen North Street,
EEBB[E%]OO7]7 Beijing 100717, China
ED R 23T dtatdbakERf Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
L1 :010-64017032 Tel:010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
i Jnjn] b élﬂ%ﬂﬂﬂ}[ﬁ@}% Domestic All Local Post Offices in China
EshREIT P EE RS AT Foreign China International Book Trading Corporation ( Guoji
(=T 399 f5%8) Shudian) ,P. O. Box 399, Beijing 100044 , China
—aro=  ISSN 0250-3301 Ny
7N | e — . ).
RERETS: (1805, x EREREZ KRS 2-821
E W E f:90.00c ESEITRS: M 205

B A FERIT




	01.pdf
	fm.pdf
	zml.pdf

	20130230.pdf
	03.pdf
	yml.pdf
	fd.pdf




