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Identification of a Denitrifying Polyphosphate-accumulating Organism ( DPAO)

and Study on Its Denitrifying Functional Genes
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(1. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China; 2. School of Civil
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Institute of Technology, Harbin 150090, China)

Abstract: A denitrifying polyphosphate-accumulating organism (DPAO) was isolated and identified, and the denitrifying functional
genes were investigated. The strain ZQN2 was isolated using denitrifying medium. It was distinguished as DPAO by tests of aerobic
phosphorus uptake, nitrate reduction, metachromatic granules and PHB ( poly-B-hydroxybutyrate) granules dyeing. Test of anaerobic
phosphorus release/anoxic phosphorus uptake showed that strain ZQN2 released phosphorus and synthesized PHB at the anaerobic
phase and used NO; as acceptor to oxidize PHB during the anoxic phase with luxury phosphorus uptake, performing the function of
simultaneous denitrifying phosphorus removal. The 16S rRNA gene sequence of strain ZQN2 was used for homology analysis and
construction of phylogenetic trees. The results suggested that the 16S rRNA gene sequence of ZQN2 had up to 99% homology with
those of many strains of Bacillus cereus strains in GenBank database. With physiological and biochemical reactions, the strain ZQN2
was identified as Bacillus cereus. The result of denitrifying functional gene study suggested that strain ZQN2 was the type of nirS* and
nirK™ , which confirmed its denitrifying function from molecular biology point of view. Moreover, the phylogenetic analysis of nirS gene
of ZQN2 showed that it was closely related to many strains of Pseadomonas aeruginosa, which was different from the analysis results of
the 16S rRNA.
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GlEY] JFH(5'3") HEA AT

BSFO8 AGAGTTTGATCCTGGCTCAG 16S rRNA ,8-27
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nirk2F GC(C/G) (C/A)T(C/G)ATGGT( C/G) CTGCC nirk ,565-581

nirk3R GAACTTGCCGGT( A/C/G)G(C/T) CCAGAC nirk ,898-918

nirk4R GG(A/G)AT(A/G)A(A/G) CCAGGTTTCC nirk ,942-959

nirkSR GCC TCG ATC AG(A/G) TT(A/G) TGG nirk ,1023-1040
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SRIEH B Be 2R 5 pMD 18-T 4K 47 3% 422,
e AR WFT A TOP10 JRZ A4, 22 vk PCR K
S0 R A FIE o B e B % 2 ot 4 30 e 2 0 B
HATBR A
1.6 168 rRNA MU AHILIIRERL N B RSk & b

B F 45 R 7E GenBank %838 &2 H £ 4T BLAST
(http://blast. ncbi. nlm. nih. gov/) 31 i) AH
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E1
Fig. 1

Bk ZQN2 MR ( x1000)

Metachromatic granules photo of strain ZQN2

2 HE¥k ZQN2 (9 PHB Bk ( x 1 000)
Fig. 2 PHB staining photo of strain ZQN2
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AR ZQN2 ) R B i/ B 480 W% i 1 96 225 51
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Kl 4 BiR. DR SRR/ ke S TR Mol e 1 3 R A5 41
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PRI, A S0 v 22 W R 2 40 L 1 34 155 100
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4 EH ZQN2 REER/ RERBLER
B3 & ZQN2 ESHEER R ( x20000) Fig. 4 Anaerobic phosphorus release/anoxic
Fig. 3 TEM photo of strain ZQN2 phosphorus uptake of strain ZQN2
£3I HEHRZQN2 £AEAENLEHRY
Table 3 Identification by biochemical properties
- L, B . . TR R
i ; ARy ! o EE s B 2l A M. R. V. P. N
T H e TEM K A G Fomg B L AR SAILER I I
Y sE gk | + + + + + + - - + + +

1)« + 7 B, -7 R H

I 4 AT 7E 160 min RESME T, H 3200+
PO; -P ¥ JE w85 19 8 mg-L~" 88 fin ] 21.37
mg- L~ AN A9 & B PHB & & W0 B8R Y 6. 72
mg-L "M% 16.83 mg-L™"; 7F B4 FF 05 0 1] 15
F2 A b # o KNO, i H NOy -N ¥ FE A ] 30
mg-L™", Bt 45 K BF NOS-N ik B BRE 2 2.86
mg-L™", PO, -P ¥ % % 3. 14 mg-L™", B 1A
PHB &% 2.04 mg-L™". FWLUE WL, KEK
PHB 7 12 [ 5 Tl o 10 18 g 34, 9L i 1) ik
S BCH Bt o R B 0 i s>
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Fig. 5 Phylogenetic neighbor-joining tree based
on 16S rRNA from strain ZQN2
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based on nirS from strain ZQN2

MEL6 AT LLE T, R ZQN2 1Y nirS J7 515
g*ﬂi Pseadomonas aeruginosa EI/‘J %é%?é/% H%ﬁéﬁ , [ﬁJ
JEPEIAS) 99% . 454 TH Pk ZQN2 1) 16S rRNA R4
RESVATUE N, BT nirS BF MRS K E 45T
55 16S rRNA RS K B T RA 8 F35h,

K 6 FAYE R Pseudomonas sp. (GU563984 ) J& AR 52
5555 D[R] — PR v 43 B 0 2 ok 1, AT R, 28 168
rRNA 28 % 0 2F M AT 18 J& ( Bacillus sp. ) B 1 #
ZON2 1 nirS J#HN 5 Pseadomonas sp. W3EZ K5
B AR T nirS SN RS KBS
16S rRNA W R Ge & & 53T 45 R—A—FL.

X—Z58 5 Heylen 2 YW ST 45 A, b
T AR Z n] 55 3% A AL Y nirS B2 5 168
rRNA RGR B KRR H R ZAMERE, 8K
A%, M nirk 5 168 t\RNA RS KT X7
W22 5B, [ K B IR]— PR S ) nirK S5 P9 R
] M A, B[R] A s Y R R Ak TR RT e A
100% 19 nirK J¥ 50 AR AL , 3 AR 7T filg 2 B i Ak 3 ]
Fa] K- AL 3 i 25 5. IR, T TIA A Nir ZIRESEA
(W ZFEE AR R A R Eh 10 SR R 1 Z AP, 1B 6
i IR ZF BLFT TR ZQN2 (GUS63985 ) il B i
(GU563984) ,3X 2 #k M [F] — P15 v i 35 13 >k 1y 28
16S rRNA %75 4 A [7] J A 9 TR AR 1) nirS 55 PRI ()
PSRN, AR 1T BB 2 2 il £ 3k PR ol 1] 7K SF- 1% 33k
OES

3 i

(1) DA ST A 35 35 v o3 1 45 31 SR A o3k 1l v
ZON2  ZE G FA AL 25 S FN 16S YRNA RAE K T 4
Br, B T MR ZQN2 % 5 Ry IR 2F M FF T8 ( Bacillus
cereus ) .
(2) DRAECRE Wl it 480 W i i 0 3R 1), TR BR ZOQIN2
FEPRAA 5 T Bl JF &5 L PHB, 76 B A 55140 F LU
NO; JHLF3Z KA L PHB, 17 1 725 S il 4k B
Bl S0AIE 1 [R]— AR BT B A ST e B A A R
(3) A Ab T fig 3 R () PCR ¥4 245 R R ¥
ZQN2 24 nirS* 1 nirK ™ Y 3% ] 53 A5 W) 2 A B
N T PR ZON2 B I Ak Dhae, (A5 T nirS 2
ARG KB T 5ET 16S rRNA MRS L E 5 br
45 RA—2
SE AR
[1] Carvalho G, Lemos P C, Ochmen A, et al. Denitrifying
phosphorus removal; linking the process performance with the
microbial community structure[ J]. Water Research, 2007, 41
(19) : 4383-4396.

(2] TR, &80 WA, 5.1 WRIFSU6EE B % 5 5 A
FEMERFSE[ )], IERL2E, 2011, 32(8) : 2409-2413.

[3] Van Starkenburg W, Renisink J H, Rijs G B J. Biological P-
removal; state of the art in the Netherlands[J]. Water Science

and Technology, 1993, 27(5-6) . 317-328.



7 W TRAGSE 1 RS AL BR B T 9 5 M I S i AL D RS R Y 2881

[ 4] Kavanaugh R G, Randall C W. Bacterial populations in a . WA ﬁH"lJUi?f, 2001.26-32.
biological nutrient removal plant [ J ]. Water Science and [20] 7]?)7‘"?}}(, b2 30K N AR WARGEETFM(M]. dbat. Bl2g
Technology, 1994, 29(7) . 25-34. HUAL, 2001.370-398.

[ 5] Sorm R, Wanner J, Saltarelli R, et al. Verification of anoxic [21] HERFREEAP R, KBRS (M), (5B
phosphate uptake as the main biochemical mechanism of the ). dba. 'T'B—EHT s Bl R, 2002. 246-250.
“dephanox” process[ J]. Water Science and Technology, 1997, [22] FBH, ®ikEk, TilEE, % b EYBRBRERNREY
35(10) ; 87-94. W ERAL LT ], MR JRTE Tolk K524, 2010, 42(2):

[ 6] Jgrgensen K S, Pauli A S L. Polyphosphate accumulation among 207-211.
denitrifying bacteria in activated sludge[ J]. Anaerobe, 1995, 1 [23] Wuyts J, Van de Peer Y, Winkelmans T, et al. The European
(3): 161-168. database on small subunit ribosomal RNA [ J]. Nucleic Acids

(7] S, HARAE, 428, S5 1 b O 516 R B B 14 A= % Research, 2002, 30(1) : 183-185.

FEMERFSE[ 1], M8ERl2E, 2011, 32(9) : 2710-2715. [24] Throbick I N, Enwall K, Jarvis A, et al. Reassessing PCR

[ 8] Oehmen A, Lemos P C, Carvalho G, et al. Advances in primers targeting nirS, nirK and nosZ genes for community
enhanced biological phosphorus removal: from micro to macro surveys of denitrifying bacteria with DGGE [ J ]. FEMS
scale[ J]. Water Research, 2007, 41(11) ; 2271-2300. Microbiology Ecology, 2004, 49(3) . 401-417.

[9] Streichan M, Golecki J R, Schon G. Polyphosphate- [25] Braker G, Fesefeldt A, Witzel K P. Development of PCR primer
accumulating bacteria from sewage plants with different processes systems for amplification of nitrite reductase genes ( nirK and
for biological phosphorus removal [ J ]. FEMS Microbiology nirS) to detect denitrifying bacteria in environmental samples
Ecology, 1990, 73(2) . 113-124. [J]. Applied and Environmental Microbiology, 1998, 64(10) :

[10] R%E, K&, WM, & EWRERAEMIIEEREL)]. 3769-3775.

EUIIW%, 2007, 26(3): 94-98. [26] Thompson J D, Gibson T J, Plewniak F, et al. The CLUSTAL_X

[11] %7 SRAEY LB AR5 T 28RV D]. windows interface: flexible strategies for multiple sequence
G iﬁfj{ﬂ' 2003. 99-103. alignment aided by quality analysis tools [ J]. Nucleic Acids

(12] EFW, Sk, £ — BRI IR R b R8T 57 0t L2 H: Research, 1997, 25(24) . 4876-4882.

FEMERPSR[T]. MBE TR 24, 2007, 1(4) . 21-24. [27] Saitou N, Nei M. The neighbor-joining method; a new method

[13]  IMRUE, BEIEM, MR, 5. — MR R AF b SR Wl A Y 0 B 45 for reconstructing phylogenetic trees[ J]. Molecular Biology and
SESRAEDIE[T]. PSRRI R =2 4 (HARFHER) Evolution, 1987, 4(4) : 406-425.

2009, 41(4) ; 580-584. [28] Perriere G, Gouy M. WWW-query: an on-line retrieval system

(147 Tk, #HAEEE, oM, S5 — 8k = s8R b 3R W 17 1) 0 ik A for biological sequence banks[ J]. Biochimie, 1996, 78 (5) .
TR BRBERCRR (V] MR /RIE Tl R 224, 2011, 43 (12): 364-369.

42-47. [(29] AidkM R E, %A N E 25, 5 EB} 2 B A Yk 5 i it

[15] Apasl, BRAkde, 23, S5 JURRSCAH b 3R Wl T 11 0 ok &% AT %2 F M M), (BB . deat: Bhsd i,
FUEPAEACRREM S E [ T]. TR BB 2Bl ( BARFL 1984. 729-758.
fR), 2009, 26(3) ; 42-48. [30] Seviour R J, Mino T, Onuki M. The microbiology of biological

[16] Bt L2387, 7ok, &, 3 BRI R 8 55w phosphorus removal in activated sludge systems [ J]. FEMS
[J]. 5 TR, 2009, 3(8) : 1405-1408. Microbiology Reviews, 2003, 27(1) : 99-127.

[17] Merzouki M, Delgenes J P, Bernet N, et al. Polyphosphate- [31] Prieme A, Braker G, Tiedje ] M. Diversity of nitrite reductase
accumulating and denitrifying bacteria isolated from anaerobic- (nirK and nirS) gene fragments in forested upland and wetland
anoxic and anaerobic-aerobic sequencing batch reactors [ J ]. soils[ J]. Applied and Environmental Microbiology, 2002, 68
Current Microbiology, 1999, 38(1) . 9-17. (4):1893-1900.

(18] LR, RAIF. S IR B v 1Y 4 2 i v S S e [ 1], [32] Heylen K, Gevers D, Vanparys B, et al. The incidence of nirS
:“j?&ﬂkj(”’?"ﬂi, 2008, 31(3) : 60-63. and nirK and their genetic heterogeneity in cultivated denitrifiers

[19] ke, dEF#R, 2R UEwFTEmIM]. (F=m). dt [J]. Environmental Microbiology, 2006, 8(11): 2012-2021.



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

	20130753.pdf
	03.pdf
	yml.pdf
	fd.pdf




