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Rapid Enrichment and Cultivation of Denitrifying Phosphate-Removal Bacteria

and Its Identification by Fluorescence in situ Hybridization Technology
LIU Li, TANG Bing, HUANG Shao-song, FU Feng-lian, ZHANG Qi-qin, LI Jian-bin, LUO Jian-zhong
(School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: The present work focused on a rapid enrichment and cultivation of denitrifying phosphate-removal bacteria ( DPB) in a
membrane bio-reactor( MBR) by using A>/0 anaerobic sludge from a wastewater treatment plant as seed, as well as providing an
identification method. In the experiments, sodium acetate was used as the carbon source and a certain amount of nitrate was added to
the MBR in the anoxic stage. Results showed that, with the efficient trap of the hollow-fiber membrane module, the proportion of DPB
in all the phosphate-accumulating organisms (PAQOs) increased from 24% to 93% within 35 days after two-stage’s cultivation including
anaerobic/aerobic and anaerobic/anoxic, during which the removal efficiency of nitrogen and phosphorus reached more than 90% . The
activated sludge was identified by combining a regular method and the fluorescence in situ hybridization ( FISH) technique, which
demonstrated that Pseudomonas sp. and Rhodocyclus sp. were the dominant bacteria in the used bioreactor.

Key words: membrane bio-reactor ( MBR ) ; nitrate; denitrifying phosphate-removal bacteria ( DPB ) ; enrichment; rapid; FISH;

identification
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Fig. 1 Schematic diagram of experiment device
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Table 1  Composition of experimental synthetic water

N T A B ARG (& w400
FEFTFh R W /mg-1.-1 5 W /g L7!
COD 150 ~250  FeCl, 1.5
N 10 ~21 CuS0, -5H,0 0.03
P 6~10 KI 0.18
MgSO0, 45 ZnS0, 0.12
MnCl, 0.12 CoCl, -6H,0 0.15
KCl 18 EDTA 4} 10
Bk (NaHCO; ) BT T E 0.9 mL-L"!
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Fig. 2 Operation pattern of three different phases in the experiment
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Table 2 Hybridization conditions of each probe

YA FACIRBE  ZRACib ] 2T v
/C /h /%

EUB338 42 2 0

PAOG651 46 3 35

Pseudomonas sp. 50 5 20

(3) H45 A 52U VE W T 48°C 11 /K ¥ Hh FiL 4 20
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S AR B Y-l e VA DS R TA T AU S

2 ZER5iTie
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HE1 T4 TF 3 98. 6% , COD Ay 25 5 Z& e iy I 4R Y
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BErEREE 2 B G k. AR BZ G COD
(AR LA BH 55, T 28 40 30 P 8 40 1) dg A0 SRl 1
AENAS 2 TARIE, 72 2.5 h Z N, BERR h 1 k) i
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Fig. 3 Change processes of phosphate, COD removal

efficiency during the activation stage
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Fig. 5 Changes of phosphate and nitrate removal efficiency under

anaerobic/anoxic conditions of the second stage
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Fig. 6 Changes of the proportion of DPB with the run of cycle

M7 ] LIRS FE5R 35 d RETEMIS TRIR
AHBAREUFAS R T DRART B 120 min N, B2
EUREE N 6.3 mg-L™' FH % 13.5 mg- L™, RKMK
B RAF A REBEYERE. MITESE T ORMLF L, BT
FErf 474 120 min JEBERRER AV BE M 13,5 mg- L'
W% 0.2 mg- L™ IF UM R 13.3 mg- L™ R
(PO; ™ -P/MLSS)iA%| T 1.9 mg-(g-h) "5 B4 120
min BEREL AW 13.5 mg L7 = 1 mg-L7',
SR AL S Ry 1.8 mg- (g-h) ~'. #24E DPB
Feflit 5 A A5 i A & rf DPB 76 S R B A
JE o HE B R A 93% , I i T Lee %D ZEH Y
DI SHE  64% F 73% , 5 HE RE 41 4 5E 1

B AL BE i L%




WA B M GO A8 A S ) 2873

7 XUSEAE B PSR i T A i
15
—— AR
—h— IR B
12 - —r— R4 B
p
=
i;ég
g °f
#
3+
0 L L 1 1 1

1 1
0 30 60 90 120 150 180 210 240
e 1)/min

E7 #35dREEEFTRRESRE
FES R BBREIRETL
Fig. 7 Changes of phosphate concentration of the thirty-fifth
day activated sludge under anaerobic/anoxic and

anaerobic/aerobic conditions

94% B, TP A & AR B Ta) R 35 d. BERA7E
A A B DL T e M E Rk A
AP | w5 LR R R 52 AR 1 S Al Ak
R
2.3 RESAERBER MY FISH 451

HU MBR S g HH il 2 S5 i e 2R 5t T 7 i 2R ol
BT A 3 93 % B (A TE TS Y EA T FISH 48
591, SRS 2 i T R Ml BT 0 25 A R A, T ok
Ba 1 T S Ak SR 8 B A5 it e /D i HE B2 S I R B
SATESL. &8 S MBR SR # S il fb Sl o 0
PEvE e A9 B 2 WA 3k 4248 FISH B fr. Hodh 8

(a). El 8(d) 4% {55 A Texas Red Fric i
EUB338 #REH A HIRCR A 18] 8 (b) 2RI 5
4 FITC FRICH) PAO6ST R 5T A S OR8] 141 8
(e) B NG5 N FAM #5121 Pseudomonas sp.
A 2SRRI B8 (c) | BT 8 (f) 2] Tmage-
Pro Plus 6. 0 735K 151 8 (a) MK 8(Db) . K18(d)
K8 (e) @B ZFMIE, K 8(c )E’J‘Eﬁ@{nﬁm
CHE8 () A E S
Pseudomonas sp. . H% 14 Image-Pro Plus 6.0 43 #t
POCAE S AR, TERE 8 () h, i M5
Rhodocyclus sp. TE 4 40 & H i 09 H 9] oy (45 +
5)% , 0 AE B 8 (f) vhoal LA s S e
Pseudomonas sp. (54 T — & L, k4= 40 TR 1Y
(19 £5)%. S5a I R KR, B7FGE,
ULHATE LLAS R £y iy 7 52 1R 15 37 9B /Y MBR %
4ih | Pseudomonas sp. Fl Rhodocyclus sp. B 4 A
SR T, BE— 2B SE T T IROE (PR e AR Ty
FURBTVHL | A R 5 4 SO T SR i T
2.4 %éﬁﬂ’ﬁ%”ﬂ'r gl
5 B BeR e AR  BOR BB R R AN AN R

%ﬁﬂﬁé&[&aﬁé}wa_@ﬁ 91.8% M191.9% , KW T &
HPEEE TR IEC RPN, N EERGWN
T PERE , TS T 1 R GRS PRI i 5 , 45
RANE 9 R,

MR ICE A E K B RR Eh W, X R GE AT AR e
PEE. W89 AT LA Y, 24 2R G0 Ay kK il R £h vk
JE R A ARARI | K W R e A N R ER Y

Rhodocyclus sp.

B8 RMLBEBEEMTIR FISH BH (A4 10 wm)

Fig. 8 FISH pictures of denitrifying phosphate-removal bacteria active sludge(all scales were 10 wm)



comparison of aerobic and denitrifying polyphosphate -

accumulating organisms[ J]. Biotechnology and Bioengineering,

2874 %o B % 34 %
SR AL 90% LI (4505 d. 452 d. 2003, 83(2)  140-145
% 5d ﬂ\j 920% ,% 3.5d jg 87. 8% ) , LU7K@$@§£’£W? [5] LeeDS, Jeon C O, Park J] M. Biological nitrogen removal with
- ol L v enhanced phosphate uptake in a sequencing batch reactor usin,
E%‘ﬁgl}—\ﬁu GB 8978-1996 #g&ﬂkﬁkh‘{ﬁ EEJIKEI single slu;)ge :ystem [p_l]. Water (l'l{esearc}gl, 2001, 35 ( 16)?
DAUEBH A BT 5 4 (19 LA DPB i PR 35 B BE 9 1 3= 2068.3976.
X PR LA B IR RIRE TS, 20 (61 oo, voMii. SBR P il LIRS B UL )],
UESE BT BEE 1Y B BT A8 19 B R R AR E R4 GRS R 2000, 32(8) : 6-8, 12.
0 " (7] AU, XU, R BRI 1], LT,
R 2009, (2): 33-35.
80 a0 [ 8] Ekama G A, Wentzel M C. Difficulties and developments in
‘ T biological nutrient removal technology and modelling[ J]. Water
= 60 [ : ﬁgﬁiﬁﬁ 1130 Eﬂ Science & Technology, 1999, 39(6) . 1-11.
x I i ® (0] fRSCH, HARR, PR, 4. P AR Py A
Ha0 b b {20 & CRBHIEEL]]. FHRIE, 2007, 28(3): 517-521.
# [10] B, A 2. FISH $ORTETS K A ) BRI A 52 i 1o
20 /'\f,fv/'\/,\v/v\; 10 FACT]. BCESIR 2R, 2004, 26(6) : 71-73.
[11]  ZEvkiK, B, 2545, FISH HOR BHAE B HA: P il b iy
0 0—*‘—-7—'—;—*—43-— ——a——v L0 RH[T]. AR, 2007, 17(5) : 94-97.
i ji/d [12] Adham S, Gagliardo P, Boulos L, et al. Feasibility of the
0 oK R S 3 R A O B membrane bioreactor process for water reclamation [ J]. Water
Science & Technology, 2001, 43(10) : 203-209.
Fig. 9 Effect of changing phosp.h'ale concentration [13] Soejima K, Oki K, Terada A, et al. Effects of acetate and nitrite
on the system stability addition on fraction of denitrifying phosphate-accumulating
3 Z-i‘:l:i/l’} organisms and nutrient removal efficiency in anaerobic/aerobic/
anoxic process [ J ]. Bioprocess and Biosystems engineering,
(1) FUFFUBEEE 405 0285 90T 2 B 2006, 29(5-6) : 305-313
Iﬂ%ﬁé’%&iﬁ‘%,ﬁ: 35 d W,fiﬁﬁ’fﬁ%ﬁ%% lﬁé%ﬁ [14] Zillers J L, Peccia J, Kim M W, et al. Involvement of
%%%E@ HC'WIJM 249% J:a:l_iu 939 . Rhodocyclus — related organisms in phosphorus removal in full-
. R 5 scale wastewater treatment plants [ J ].  Applied and
(2 ) iﬁ%%’f#?%% EI/J /fj[:% el &%% EF‘ gig% z'ﬁi Environmental Microbiology, 2002, 68(6) : 2763-2769.
BRI AR R B R RUAE  REEMIBL (151 tpi, pamak, sl AL IR RO K 5
A BRBERCR I R EFTE 90% LA E. BOF5EL)]). TEGKHEK, 2009, 25(5) ; 5-8.
(3) R FH FISH $ R JE45 435 UG DPB 763 (16) RIFBUSEGE L. AMBKRMMFTIL M. 65, 5
W A B s UESE Pseudomonas sp. Al - ;ﬁi’?&fﬁ%i nggt' . . s
N vy .. achtmeister A, Kuba T, van Loosdrecht , el al.
Rhodocyclus Sp- E{ﬁl@ 75k EFI Ijjﬁﬁj( K /fﬁu ’ ﬁ%” sludge Characterization assay for aerobic and denitrifying
H (45 £5)% ﬂ]( 19+5)%, RS0 BT B (1 PR phosphorus removing sludge [ J ]. Water Research, 1997, 31
BEITIEARKL. (3): 471-478.
EEd ¢ [18] Meinhold J, Filipe C D M, Dagger G T, et al. Characterization
[1] KubaT, Smolders G, van Loosdrecht M C M, et al. Biological of the denitrifying fraction of phosphate accumulating organisms in
phosphorus  removal ~from wastewater by anaerobic-anoxic biological phosphate removal[ J]. Water Science & Technology,
sequencing batch reactor [ J]. Water Science & Technology, 1999, 39(1) : 31-42.
1993, 27(5-6) : 241-252. [19] Kerrnr Jespersen J P, Henze M. Biological phosphorus uptake
[2] KubaT, van Loosdrecht M C M, Heijnen J J. Phosphorus and under anoxic and aerobic condition[ J]. Water Research, 1993,
nitrogen removal with minimal COD requirement by integration of 27(4): 617-624.
denitrifying dephosphatation and nitrification in a two sludge [20] HulJ Y, Ong S L, Ng W J, et al. A new method for
system[ J]. Water Research, 1996, 30(7) : 1702-1710. characterizing denitrifying phosphorus removal bacteria by using
[3] ZHEHE, TuE, RIS, 5 sBIA:YIBRBE AR R s iR three different types of electron acceptors[ J]. Water Research,
THRIERR SBR[ T]. PRl 2004, 24(1) : 45-49. 2003, 37(14) ; 3463-3471.
[4] ZengRJ, Saunders A M, Yuan Z G, et al. Identification and [21] CZRHEk, FSrer, WERAh, 45 28 M6 R L 4238 A il IR g f ik

TSR S PR AL K i [T, R B R 224 ( A SR B2
M), 2005, 35(2) : 266-270.



7 39 PURVAS SR HA e TRV SENTE SN (I 8 e AL YA S -2 2875

[22] kBE, RISF. TN ALBE AN S0 7 SR 1 S 38 2% In; Akkermans A D L, Elsas ] D, de Bruij F J (Eds. ).
et BN L], Rl 58 8, 2008, 33(2): 126- Molecular Microbial Ecology Manual [ C]. London; Kluwer,
129. 1995. 1-5.

[23] Schleifer K H, Amann R I, Ludwig W, et al. Nucleic acid [25] ki, HISCYL, SRIMERK. 26 1h 2w v sk 94k i X Fe i 5
probes for the identification and in situ detection of Pseudomonas [1]. feIfyE Re2a4R ( A SRBL2ER) , 2007, 41(3) ; 411-
spp [ A]. In: Galii E, Silver S, Witholt B ( Eds.). 414.
Pseudomonas; Molecular Biology and Biotechnology [ C ]. [26] WM. AMACRBEEELENTR)]. TEAKHEDK,
Washington D. C. : American Society for Microbiology, 1992. 2010, 26(13) : 60-63.
127-134. [27] JAIRRERE, X0, FMERT, S5, SOAE AL SR W TA Y o 4 R AR

[24] Amann R 1. In situ identification of micro-organisms by whole PWIEHEMR[]]. 5 5% B2 S5 K, 2008, 31(4). 110-
cell hybridization with TRNA-targeted nucleic acid probes[ A ]. 115.

(MEM=Z)BR BPEREZERBT” RS

20124F 12 H7 H ,EF'Iilﬂﬁii’aicéfEiJrQ*%ﬁ?EAfjti%” SN AT AR E S A AR ) AR
R (HEIRLE) IS 11 RO [ Rl AR H 2 AR AR5 f dep A A AR ) AR v [
BOEARMTIZE S PN AR A R TIE . IZR R M ALERE UK FEmR N 30 M5 a5 2
@(ITE'M?HT AT G o AT XTI 2 BHAEAT VR L, HOPPr R A T O R E R AN R RAT



HUANJING KEXUE Vol.34  No.7

Environmental Science ( monthly) Jul. 15, 2013

CONTENTS

Observation of Size Distribution of Atmospheric OC/EC in Tangshan, China ««eesesrereeresremienenmimeneniinne GUO Yu-hong, XIN Jin-yuan, WANG Yue-si, et al. (2497)
Changing Characeristics of the Main Air Pollutants of the Dongling Mountain in Beijing —«-v+eseesereresssessmenmiensninninnisnnnee YU Yang-chun, HU Bo, WANG Yue-si (2505)
Characteristic Comparative Study of Particulate Matters in Beijing Before and During the Olympics + ZHANG Ju, OUYANG Zhi-yun, MIAO Hong, et al. (2512)
Characteristics and Impact Factors of O Concentrations in Mountain Background Region of East China - SU Bin-bin (2519)
Studies on the Size Distribution of Airborne Microbes at Home in Beijing )
Emission Factors of Polycyclic Aromatic Hydrocarbons (PAHs) in Residential Coal Combustion and Iis Influence Factors - ++ HAI Ting-ting, CHEN Ying-jun, WANG Yan, et al. (2533)
ZHANG Fan, WANG Jian-hai, WANG Xiao-cheng, et al. (2539)
)
)
)
)
)
)

FANG Zhi-guo, SUN Ping, OUYANG Zhi-yun, et al. (2526

Experimental Research on Alcohols, Aldehydes, Aromatic Hydrocarbons and Olefins Emissions from Alcohols Fuelled Vehic
Combination Process of Microwave Desorption-Catalytic Combustion for Toluene Treatment CAO Xiao-qiang, ZHANG Hao, HUANG Xue-min ( 2546
+ LI Jian-jun, LIAO Dong-qi, XU Mei-ying, et al. (2552
-+ ZHOU Bo-yu, LIU Wang, WANG Bo-guang, et al. (2560
CAO Xing-peng, ZHANG Gui-ling, MA Xiao, et al. ( 2565

Removal of BTEX by a Biotrickling Filter and Analysis of Corresponding Bacterial Communities -
Source Profile of Volatile Carbonyl Compounds in Wastewater Treatment Plant of an Oil Refinery
Distribution and Air-Sea Fluxes of Methane in the Yellow Sea and the East China Sea in the Spring
Study on Seasonal Characteristics of Thermal Stratification in Lacustrine Zone of Lake Qiandao DONG Chun-ying, YU Zuo-ming, WU Zhi-xu, et al. (2574
Effects of Land Use Structure on Water Quality in Xin'anjiang River CAO Fang-fang, LI Xue, WANG Dong, et al. (2582
alysis Between Phytoplankton Community and Environmental Factors in Macrophtic Lakes of the Middle and Lower Reaches of Yangtze River
""" +=+= MENG Rui, HE Lian-sheng, GUO Long-gen, et al. (2588 )

Microbial Bioavailability of Dissolved Nucleic Acids Across the Estuarine Salinity Gradient «+«+sssessesreseresemennsssiniinnnininns YANG Qing-qing, LI Peng-hui, HUANG Qing-hui (2597 )
- + ZHANG Zhuo, SONG Zhi-yao, HUANG Chang-chun, et al. (2603 )

. LU Jin-suo, HU Ya-pan (2611 )

(2618)

(2628)

Canonical Correspondence

Elementary Quantitative Study on Factors of Phytoplankton Bloom
Spatiotemporal Succession of Algae Functional Groups and the Influence of Environment Change in a Deep-water Reservoir

Hyperspectral Remote Sensing of Total Suspended Matter Concentrations in Lake Taihu Based on Water Optical Classification ZHOU Xiao-yu,SUN De-yong, LI Yun-mei, et al. (2618
Application of Subwet Model in the Design of Constructed Wetland =~ «+++++seevee- ++= LI Hui-feng, HUANG Jin-hui, LIN Chao (2628
Allelopathic Effect of Nelumbo nucifera Stem and Leaf Tissue Extract on the Growth of

icrocystis aeruginosa and Scenedesmus quadricanda —«+++++seeeeeeses s
RS R R IE IR IO IR L L E IR RO HE Lian-sheng, MENG Fan-li, DIAO Xiao-jun, et al. (2637)
Influence of Vallisneria spiralis on the Physicochemical Pmperties of Black-odor Sediment in Urhan Sluggish River ««-w+«tereereereesesenencsnneees XU Kuan, LIU Bo, WANG Guo-xiang, et al. (2642)
Removal of Cr( VI) by Iron Filings with Microorganisms to Recover Iron Reactivity ++++++++++* ++ TANG Jie, WANG Zhuo-xing, XU Xin-hua (2650 )
Degradation of Phenol with a Fe/Cu-Catalytic Heterogeneous-Fenton Process ++++++++++ YANG Yue-zhu, LI Yu-ping, YANG Dao-wu, et al. (2658 )
Effect of Different Forms of Inorganic Nitrogen on the Photodegradation of Antipyrine in Water - -+ ZHAO Qian, CHEN Chao, FENG Li, et al. (2665)
Degradation Mechanisms of Dimethyl Phthalate in the UV-H,0, System ««+eeeeeseeereseeeiennenens LIU Qing, CHEN Cheng, CHEN Hong-zhe, et al. (2670)
)
)
)
)
)

Adsorption of Cd®* Tons in Aqueous by Diamine-Modified Ordered Mesoporous SBA-15 Particles «++esesessessersessunsimsimsnisiisniniisiiiiins ZHANG Meng, YANG Ya-ti, QIN Rui, et al. (2677

-+ JIANG Zheng-ming, YU Xu-biao, HU Yun, et al. (2686

(
queous Solutions : (
Preparation of Porous Ceramics Based on Waste Ceramics and Its Ni* * Adsorption Characteristics - ZHANG Yong-li, WANG Cheng-zhi, SHI Ce, et al. (2694
(
(

Surface Organic Modification of Acid Vermiculite and Its Adsorption of Hydrophobic Micro Pollutants i
Perchlorate Removal from Underground Water by Anaerobic Biological Reduction with Bark — «+xeseseeseseessessenensinnninnnnne WANG Rui, LIU Fei, CHEN Nan, et al. (2704
Experimental Study on the Remediation of Chromium Contaminated Groundwater with PRB Media ~ «+e+seseeseerrereenesennenens +++ ZHU Wen-hui, DONG Liang-fei, WANG Xing-run, et al. (2711
Removal of Calcium and High-strength Ammonia Nitrogen from the Wastewater of Rare-earth Elements Hydrometallurgical Process by Chemical Precipitation = «+:esseseeeeeserenseresenennen
+ WANG Hao, CHENG Guan-wen, SONG Xiao-wei, et al. (2718)
Leaching Kinetics of Josephinite Tailings with Sulfuric Acid — «reerreerereremre s CHEN An-an, ZHOU Shao-qi, HUANG Peng-fei ( 2729 )
Effects of HRT on Fate of Typical Polycyclic Musk by A0 Process e+ ++ LIU Peng-cheng, HUANG Man-hong, CHEN Dong-hui, et al. (2735)
Kinetic Simulation of Enhanced Biological Phosphorus Removal with Fermentation Broth as Carbon Source ««+«+stssssrssresssensmsmnininsnseiensinenien ZHANG Chao, CHEN Yin-guang ( 2741)
- XIONG Ya, WANG Qiang, SONG Ying-hao, et al. (2748)
+ ZHOU Jun, ZHOU Li-xiang, WONG Woo-chung ( 2752 )
)
)
)
)
)

Effluent Carbon Source Improvement and Sludge Reduction by Hydrolysis Reactor with Enhanced Sludge Utilization
Optimization of Extracellular Polymeric Substance Extraction Method and lts Role in the Dewaterability of Sludge -
Effectiveness of Arsenite Adsorption by Ferric and Alum Water Treatment Residuals with Different Grain Sizes LIN Lu, XU Jia-rui, WU Hao, et al. (2758
Regional Differences and Development Tendency of Livestock Manure Pollution in China ««++«+ssseee: QIU Huan-guang, LIAO Shao-pan, JING Yue, e al. (2766
Quantitative Partitioning of Soil Selenium in the Selenium-Rich Area of Northern Zhejiang Plain - ++ XU Ming-xing, PAN Wei-feng, CENG Jing, et al. (2775
Effects of Land Use on Manganese Distribution and Fractions in Wetland Soil of Sanjiang Plain, Northeast China ZHANG Zhong-sheng, LU Xian-guo, SONG Xiao-lin (2782
Research on Vertical Distribution Pattern and Reserve of Organic Carbon in Paddy Field Soil of Qianguo, Jilin «ereeeeresresrereserenneneeen TANG Jie, ZHANG Wen-hui, LI Zhao-yang, et al. (2788
Soil Organic Carbon Sequestration Rate and Its Influencing Factors in Farmland of Guanzhong Plain: A Case Study in Wugong County, Shannxi Provinge «+«+esseseerseeeesenennenininennnes
ZHANG Xiao-wei, XU Ming-xiang ( 2793 )
Effects of Biological Regulated Measures on Active Organic Carbon and Erosion-Resistance in the Three Gorges Reservoir Region Soil * + HUANG Ru, HUANG Lin,HE Bing-hui, e al. (2800 )
Quantifying Soil Autotrophic Microbes-Assimilated Carbon Input into Soil Organic Carbon Pools Following Continuous '4C Labeling -+ SHI Ran, CHEN Xiao-juan, WU Xiao-hong, et al. (2809)
Analysis of Soil Respiration and Influence Factors in Wheat Farmland Under Conservation Tillage in Southwest Hilly Region «+-++++- ZHANG Sai, ZHANG Xiao-yu, WANG Long-chang, et al. (2815 )
Distribution Characteristics and Risk Evaluation of Organochlorine Pesticides in Soil from Relocation Areas of the Danjiangkou Reservoir -
-1 Zi-cheng, QIN Yan-wen, ZHENG Bing-hui, et al. (2821
+=++ PANG Bo, WANG Tie-yu, DU Li-yu, et al. (2829

)
Risk Assessment and Countermeasure of BTEX in Pesticide Factory )
Accumulation of S, Fe and Cd in Rhizosphere of Rice and Their Uptake in Rice with Different Water Managements ZHANG Xue-xia, ZHANG Xiao-xia, ZHENG Yu-ji, et al. (2837)
Effects of Nitrate on Organic Removal and Microbial Community Structure in the Sediments —«+eseseeseereeesemenenmenenenninnenens LIU Jin,DENG Dai-yong,SUN Guo-ping, et al. ( 2847)
Zero-Valent Tron-Enhanced Azoreduction by the Shewanella decolorationis S12 +++++++++++++++ : +++ ZHOU Qing, CHEN Xing-juan,GUO Jun, et al. (2855)
Isolation, Identification of Two Aerobic Denitrifiers and Bioaugmentation for Enhancing Denitrificaition of Biofilm Under Ohgolmphlc Conditions -+ QUAN Xiang-chun,CEN Yan,QIAN Yin (2862 )
Rapid Enrichment and Cultivation of Denitrifying Phosphate-Removal Bacteria and Tts Identification by Fluorescence in situ Hybridization Technology —««+«+rsssessessersereenemenenmsninicncnnnnnn

.................................................................................................................................................................. LIU Li, TANG Bing, HUANG Shao-song, et al. ( 2869)
Identification of a Denitrifying Polyphosphate-accumulating Organism (DPAO) and Study on Its Denitrifying Functional Genes ~ +++* ZHANG Qian, WANG Hong-yu, SANG Wen-jiao, et al. (2876)
Isolation and Characterization of a Highly Efficient BBP-degrading Bacterium ««««+sesseseerserseesemensmsininensininieseeee CHEN Hu-xing, YANG Xue, ZHANG Kai, et al. (2882)
Degradation of Nicosulfuron by Combination Effects of Microorganisms and Chemical Hydrolysis ZHANG Xiao-lin, LI Yong-mei, YUAN Zhi-wen ( 2889)
Isolation, Screening and Identification of Prometryne-Degrading Bacteria and Their Degrading Characteristics ZHOU Ji-hai, SUN Xiang-wu, HU Feng, et al. (2894 )
Preparation of PVA-SA-PHB-AC Composite Carrier and m-Cresol Biodegradation by Immobilized Lysinibacillus cresolivorans LI Ting, REN Yuan, WEI Chao-hai (2899 )

Extraction of Surface Active Substance and Analysis of Demulsifying Characteristics for the Demulsifying Strain Alcaligenes sp. S-XJ-1 +eserererseresienenenniineneniinn e
................................................................................................................................................ HUANG Xiang-feng, ZHANG Shu-cong, PENG Kai-ming, et al. (2906 )

Diversity of Culturable Filamentous Bacteria in the Activated Sludge from A20 Wastewater Treatment Progess +:+:+s+seeseeseeeeeisineiniiniiinnes GAO Sha, JIN De-cai,ZHAO Zhi-rui, et al. (2912)

Composition and Transformation of Leachates During Municipal Solid Waste Composting —«e«ssessesresessssssemsnnenininsisiniiiieee LI Dan, HE Xiao-song, XI Bei-dou, e al. (2918)



E % K

(MERZENFE 6 BREZERS

FH Az

BIES: B RE 1N
HOF. (FRUEREEHET)

FENL EARR EB%E
AKE XER B
BRFHAZ B&FE 2 M
| i osE 3 4

w#H A7

(HUANJING KEXUE)

TEE
Bt T
R

ER ol
i
I
B RS

RS S R A
| I Y
BKE B

>N

==
E=3

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(AT 1976 48 A7)
201347 AH15 0 343% 4578 Vol.34 No.7 Jul.15, 2013
F & TEPER Superintended by Chinese Academy of Sciences
* B P EPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (BIEE NFE) Academy of Sciences
b5 HT BR3P R 2 B ST B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% OB 2% R Protection
* % OB A School of Environment, Tsinghua University
P 8 (I 4% R} 2 W EEE S Editor-in -Chief OUYANG Zi-yuan
. e S s " Edited by The Editorial Board of Environmental Science ( HUANJING
JEHTTT 2871 {74 (HEE DU
. KEXUE
18 5, BB i : 100085 ) ) _
HLi% .010-62941102 ,010-62849343 P- 0. Box 2871, Beijing 100085, China
B '010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l-hjkx@ rcees. ac. cn E-mail: hjkx@rcees. ac. cn
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 4 3 " " m Published by Science Press
e BT R MR AL AT 16 2 16 Donghuangchenggen North Street,
ZIN N B
Hﬂgﬂéﬁﬁ% .100717 Beijing 100717 5 China
EN R 23T dvsdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 4 * K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT M & SEZHIRER Domestic All Local Post Offices in China
EShE&IT PEERREFR S BT Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f544) Shudian) ,P. O. Box 399, Beijing 100044 , China
—am=  ISSN  0250-3301 s e o
EFIS . e : 2-821
REARATIS, Do (203301 ERE RS
E m E fir:90.00C ES&EITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	ml.pdf

	20130752.pdf
	03.pdf
	yml.pdf
	fd.pdf




