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Analysis of the Microbial Community Structure in Continuous Flow Reactor
Enhanced by Heterotrophic Nitrification and Aerobic Denitrification Bacterium

Burkholderia sp. YX02

SHAO Ji-lun', CAO Gang'?*" , LI Zi-hui', HUANG Zheng-zheng', LUO Kai', MO Ce-hui'”

(1. School of Environment, Jinan University, Guangzhou 510630, China; 2. Guangdong Engineering Center for Environment
Contamination Control and Restorative Materials, Guangzhou 510630, China)

Abstract: To reveal the dynamic succession of microbial community structure along with time in bio-denitrification reactor, a
continuous flow reactor containing immobilized heterotrophic nitrification-aerobic denitrification bacterium Burkholderia sp. YX02 was
taken as a model. The microbial community structure in the bioreactor was analyzed by PCR-DGGE, and its correlations with
environmental factors such as pH, NH, -N, NO, -N, NO, -N and COD were simultaneously investigated. The results showed that the
microbial community was relatively rich during the early stage of 18 days. The similarity of community structure in different stages was
not orderly declining with the operation. In addition, the structural similarity in adjacent stages firstly increased, then decreased, and
eventually tended to be stable. Shannon-Wiener index firstly descended significantly, and then ascended with new microbial community
emerging at the later stage. UPGMA clustering analysis roughly divided the process into three periods with certain relationship.
Principal component analysis showed that during the operation of the bioreactor predominant bacterial community formed steadily and
new microbial community dominated by Burkholderia sp. YX02 emerged at the later stage of the operation. Canonical correspondence
analysis certificated that the structure of microbial community was most obviously affected by NO, -N, followed by NO, -N, NH, -N
and COD, and pH had the least effect.

Key words:embedded and immobilized; heterotrophic nitrification and aerobic denitrification; continuous flow reactor; PCR-DGGE;

microbial community structure; environmental correlation
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Fig. 1 Schematic diagram of experimental set-up
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Table 1  Characteristics of the artificially synthesized water fed to activated sludge reactor

NH; -N NO; -N NO; -N TP COD

kI H pH 4 2 3 B »
/mg-L ! /mg-L ! /mg-L~! /mg-L /mg-L

U 7.0 90 ~100 50 ~60 50 ~ 60 10 ~20 900 ~ 1000

1.3 FESL U [E]

N AR SE AT, LA B R K 0TS R R i
FHF4HTA DNA F$EIC, BRI & 9 4y, 430l
A S1 ~ S9. AH I Hb SR 4R B g K, IF I pH L
NH, -N., NO, -N, NO, -N#il COD [#1A.

1.4 4IFER R4 DNA A3

B 25 mL 3575 PR A0 A E] 100 mL #EFE
120 r-min "' F¥E% 10 min LA I5IR 8 FTHEIS ). BL
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B0 10 min, 772 FIEW, WAEDTIES e, R ik
FEAE—RHUS mL 5 e EA T 40 B DNA $EHC HAE
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—20°CH-AE, 5 — T TE 0. 7% BT NS 1 Bk Je v A
FL PRSI , R FRL K S5t HE A T A TR
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Fig. 2 Change in indexes of outflow water during the operation
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B 37 %

F1 S8-S9 AHAL 1 43 Wil K 52 E1] 49. 4% F1 56. 8% , Ui
HIR W #2480 18 d WYis AT, U/ E M BE T 45 ik T
T B A AL 3 B AT BB S N 1% AR FR I Lk
SEOLHTA. Xt R WA [R) 38 47 B B B 4R & N Ak
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Table 2 Similarity coefficient of profiles of the bacterial community structure in different stages/%

S1 S2 S3 S4 S5 S6 S7 S8 S9
S1 100 49.9 33.5 32.6 39.9 37.1 31.2 39.4 41.9
S2 49.9 100 62.5 36. 8 29.5 38.8 33.1 51.4 49.2
S3 62.5 100 46.3 33.8 34.3 33.7 44.9 48.1
S4 46.3 100 40.7 33.1 27 40.1 43.2
S5 40.7 100 29.4 35.7 35.2 35.9
S6 29.4 100 41.4 31.6 36.8
S7 41.4 100 49.4 44.7
S8 49.4 100 56.8
S9 56.8 100

2.3 THAEREIE LSRR 2R BT

1T Quantity One FAFXT DGGE Kl A 4547 1)
SR EEFEAT 0 M, FEAR S Shannon-Wiener Z2#E V45 %1
TR 53] BN Y Shannon-Wiener Z2FE14: 45
BAE R LN 5. N a] Hn TR IO g 1Y R AN s AT i
FH1, Shannon-Wiener $i§ 8 /1) 28 A6 5 )2 i 4% iU 12 17
FARKI TR, 25 B Bobe i (] 2 et de B s = i 3
Bk F RGBS RN ARSI
B AR TR AT i R b Sl i A R NS
TR, BT G5 R0 T AR TR A2 B 0 A2 Ak, 48
B EVE AR PR R B, S2 B A E 3. 55. B
J N 2 AR BLIBAT | BARRZE AN BT Rl A CHT AR 15 ]
(R Fa IR Z2REE AN W AR, BT S5 R A AR AR
ARk, B KRR, B W iR, 2175
MR B RS FTRe R R TR R Pl T

4.0

35 F | —

Shannon-Wiener £ F4EdaE
= = g g L
= LA = (" =

I I T T T

=
wh

=

S1 82 83 S84 85 S6 87 S8 S9
F il

B 5 HHMMAEHR Shannon-Wiener S IEIEE
Fig. 5 Shannon-Wiener index of the bacteria

in different sludge samples

HEH B R |, nT BE A HE B B 38 I A R BE T
BCATEREE R R IE R T B R BESS 1, 2R+
BAT WK . X R A Rl 32 17 B BEXH O Wy e ik &
FEMEA R 52, R AR P T RE Sl A 3 FR R
ST N FR BT AR A
2.4 TEYIREE SR IS

ARG 2743 BB AT i 23 S S5 2 1 245 B A
— 3 H, A IS MG R R IE AR AT
) B A e R TR B B TS TR R i E AT B 2y
BT RERCAT Hi S W GAE R I& 2540 1 AR A 5 J R 25 38
TR 3.

& 6 vl A, it UPGMA B2l DGGE
K% 3 3 RS e, Hirh 87 S8 il 89 % —
JERE, S1HS2 o TR, S3. S4. S5 F S6 KA
SRR X REBOTRE RN g s AT i AR R ok 3 4
B, BRI a4 SR . 106 B e S 4 11
BT R RN R BEE S5 F S PR P R | x5 kot
SRS A58 AL, S1 A S2 VERIBAT I, T

$9
s8
0.62

—037 87
e

0.73
s

0.43
S6
0.51 ss
0.52 sS4
0.62

E6 S DGGE B UPGMA RESH
Fig. 6 Cluster analysis of bacterial DGGE by UPGMA



2 4 RS SE . S IR AU AL Burkholderia sp. YXO02 i Ak 25 0 51 #5 HH it 2B 1 THE & S5 A0 A BT 635

B A B AR, B BESS H 5 e i ek
IR, B LA ST S —i5. 83, S4 . S5 1 S6 B4k
R, B B 3 N TR S A ] el 75 v A
OB HRESSF & AR T ARAE B Ak, T S7 | S8
1S9 TN —ANHE, Ab T2 47 J5 11, B S 1a] %) 4 BL 1
e LN, W1 LG A AN SE G 38 Ak AR 1B 1T B
B, 547 AR 0,37, Ui AN R is 17
By B A7 AE— 2 A8 A8 G 3R, TR WA E 8 0 T R fe ¢
ST R () TR R 2544
2.5 N[RIB B WIS G5 A 0 S R o b

¥ DGGE B FERRE AL 5 1 32 240 Mt , £ 8%
Sy BT RE S B AR AR ) B Vi 45 A8 A T R 19 22 R 1 AR
P o (I 3)  LHREGE 3 A E RS, I
B B TTHR R A 83. 1% , H:A EREIE AR BB T Y
15 URRE i A D B TE S5 R X A3 R, Hoh, S9 5
FHo— 2 R IEA S, ST, S5 F S7 5 E Wi
TREERIEAS, S2. S3 ., S4, S6 IS8 5 FE A
=R IR A E.

#3 FEAMBRMENEEEMNERSEH
Table 3 Principal component scores of microbial

community structure in different stages

B— WS o5 5= FE
s -1.10 1. 15 0. 81
s2 -0.36 0.18 -1.30
$3 -0.15 -0.06 -1.11
sS4 -0.70 0.72 1.51
S5 0.15 -2.12 1. 14
s6 -0.39 0.23 -0.65
s7 0.08 -0.78 -0.25
S8 0.04 -0.25 -0.56
9 2.44 0.95 0.39

7 R T AT E RS R
i (a, e, e, £ i, ) TEENS— FREES, F
B — R ETARR R 7 b & (e £L10 ) 3R
TERY A 2R N BERO BT RE , DI O a s 1T /5 3,
RN BT BB, B YR R B EAS
Wit 2, ZFEHEFRBORWT BT 545 (b, g0 ) TEE
WAy B R (B, s R E TR
5 XSS LT IR A AE T RN A T TR IS WA
Frimag AR SR R N RS S R (7] AR
B Burkholderia sp. YX02 , ] BE/RIK R N 10 -1
PR, UTE RN A AT R RS AR b 3k 26 T
T N PR RE TR, REAE U 2 A R R Y A= A
73, % B AR E R AUA AT B OCHE L. 44 (d k|
D FEF o = B EGTER &, F o =2 e

RN T, X S A AR AR AR R NI 5 R0 Bl
VAR AT , XS MR BT IR, E AR
FelZ I GOR BB . R, 255 3o oA 4G
RO, BEE RS RIS AT, 5 SRR KL I
PEEIE, 1217 5 B VAL TS Burkholderia sp.
YX02 SRR BT H B 4

1.0 | oob
2 h
k @
a
05 F °f ¢ ©°

PC2 (29.59%)
=
A}

-05F
-1.0
-1.0
T ) 05
) 0.5 1.0 0.5 . 5_’32"-f°\'
PCi{js_z%) 1.0 L. pC3 Q

B7 TR EHEHEEE T
Fig. 7 PCA showing loading values for different samples

2.6 TEWIREIE S5 H 5 5T R TR SOG4 o B
K BT AT AT T A R E S5k
IR F B A G, T AE D VR 45 S BRI 71
AH IS S 430 UL 3% 4 FilA] 8.
R4 BRI R

Table 4  Results of Canonical correspondence analysis

Herp il 1 2 3 4
FRE(A 0.067 0.043 0.033 0.022
5 P55 R A G R 5K 0.968 0.905 0.734 0.894
FhRBBEH o AR LR/ % 22.1 36. 1 46.9  54.1

- B E AR % 39.5 64.6 83.9  96.7

FHE 4 AT, CCA 43 B A P4l AR 530 Ry
0. 067 F10. 043, Fh 5 P58 1 Fi A HE P il A AH OC
RIS 0.968 F10.905 , 136 B R Ak Wy B 75 45
PRI 35 B A 858 PR 7 (B A7 A6 5 AR SR A A DG 1. RIS,
S —HEP AR TREAR T 22, 1% YA S 5 T RES
—HEFE S B RE T REA R 149% 1 10. 8% AYAE 5
Al 4 AHEP ISR TREA BAR Y 54. 1% . TR
i Gauch"™ (i RE , BLARHE R LR il B — /NS
SRS 2R T BAE B Rt Y B A
AE S L2 RIS S5 A B R 2 [ A G &, &1 8 7T
AR BB R R NO, NS 1 HEF R
AHIC HLAH G FE B fe K, M Rk -0.816 3, ik
JENO; =N, NH, -N, COD. il 8 & 4 555 2 HE 4
TEARDG, 558 ZHE P il A OGP B R 2 NH, -N, A



636 7

i

B 37 %

0.6 NH4"-N _cop | Band2
NO; -N

NO;™-N

| nB Band13
< Badd20 |

a
B0
& oA
| Bandidnd6

a
-0.8 Band23

-1.0 0.6

El§ HEANSHMESHSRERETFH CCAHF
Fig. 8 CCA bioplot of distribution of the bacterial

structure diversity and environmental variables

KRBOHNO. 475 4, HkJE COD ., NO,; -N, NO; -N, 1fij
pH 555 1. 2 HEFF 8l i A0 ¢ R B I/, 43 5
0.429 5H10. 212 5. Kt , WA R st A Wy e v 4548
R f KB & NO, -N, H R J& NO; -N| NH, -N|
COD, pH S d5 /0N, JEHF 5> A B 55 45 5 & W
RENAR P YRS AR K. A FSE4S
SRR I BRR A I T A D B T i B R R
BE 2 JCHL BB SR & A HLER 0 Rk, A
BRI A Z B A YR Z e w5 E4 Y
R (CANEREE R F45 ) OS2I 2 AR n] 4020 ahig
Ja N NATTHE SN 25 SE PR 47 10 L B v, 5 3008 ol
K E R COD Mk FEXT T B g 45 1 o i
TTRNE S A PSR A AR R B

3 it

(1) 33 [ 5E Al S F% 0l A-4 40 5 il Ak
Burkholderia sp. YXO02 3k 22 i [ N 4% 7 12 17 1
[ IR O 2, AN R Bt v 4l A7 A —
SE 1Y 22 5 AT A T A R N TR AR A T 3l AR Al
IR LIV RS E M Z5 K4 . AN [R) B BERE 7 2544 A A AL
PRI SN e 1Y 18 47 10 A 32k R, T 45 i) 42
I T HER I AE AL, R SR B BERE v 45 14 1 AL B T
Vel ETL IR it 2 B T haE . 21k
FEEN AL 55 RN #5132 1T 13 IR 2% B B 2 1]
RV E R AT R B T B TR

(2) 3 3 5E A S F% 0l A-4 RS s AL T
Burkholderia sp. YXO02 Ak 22 N #vis 47 41
FERELATRI 238 3 A w8, B[R AR e — 2 1Y
ARG R BEE ROV a8 AT, 26 H R R EEIR . 1

PRI, 2175 WIE UL B Burkholderia sp.

YX02 ARSI A A5
(3) AN[RIFRIEE DA %0 1] % Ak 7 57 i Ak - 4

A SAHACTE Burkholderia sp. YXO02 534k % S [ i

e P E YIRS S5 2 A [R], O NO, -N Y 2

Wi K, Hok NOS -N | NH, -N. COD, pH 50 %

/N ARG OV A S PR AT R v A S i K

HE E W R COD B BE m] Al S 10 g e is A7 M

PR AL PR

B2k

(1] 3ell, MM, k5 HF, % A2/0 EWRID B ARBE R H
MR TZHEREL)]. BIILRY A RFHF¥4, 2010, 27
(6): 739-742.

(2] ki, Bel, m&, 55 Al RY I SIS X Xt
RSB [T]. REER 244, 2010, 30(5) .
1002-1010.

[ 3] Miyatake F, Twabuchi K. Effect of high compost temperature on
enzymatic activity and species diversity of culturable bacteria in
cattle manure compost [ J]. Bioresource Technology, 2005, 96
(16) . 1821-1825.

[4] ®&EE, RIE, BWIE, 5. PCR-DGGE 7 B8 72 #
HEE AR S i S R A e B T A M R IR S5 A R AR [ D).
WEFE R4 4], 2010, 40(4) . 79-84.

[5] SRELE, O, Roker, % WX ABR SV S4B ACR
A REIE SR Em [ 1], R 24, 2012, 32
(7) : 1542-1548.

[ 6] WL A/O BRAEY) SN s P IR AR O 9 1 38 R e it ¥
PAYSEM [ D], WRIREE: ZRAEMOl R, 2011,

[ 77 WS, SP8ME, PPER, 5. R PCR-DGGE 43 Hi R R i<
IR E IR S5 [ )], BRBERL2E, 2012, 33(1) : 305-
313.

(8] ZHgar, B, FlES, 5 A EFURR A A i b = A
PiRhBE R g (1], E RS R, 2015, 35(5) . 1449-
1457.

[9] Wirth R, Kovacs E, Marti G, et al. Characterization of a
biogas-producing ~ microbial ~ community by  short-read
nexlgeneration DNA sequencing[ J]. Biotechnology for Biofuels,
2012, 5. 41.

[10] Acs N, Kovacs E, Wirth R, et al. Changes in the archaea
microbial community when the biogas fermenters are fed with
protein-rich substrates[ J]. Bioresource Technology, 2013, 131,
121-127.

[11] k%, Mok, 2540, 45, PCR-DGGE #5515 ¥ &+ A
BRE RS [T]. h SR, 2015, 35(6):
1794-1804.

[12] Calli B, Mertoglu B, Roest K, et al. Comparison of long-term
performances and final microbial compositions of anaerobic
reactors treating landfill leachate[ J]. Bioresource Technology,
2006, 97(4) : 641-647.

[13] Rowan A K, Snape J R, Fearnside D, et al. Composition and



2 4

ARIEAE A

SR -1 E AT Burkholderia sp. YX02 51k

00 I L T 9 2 A B 637

[14]

[17]

[19]

[20]

[21]

[22]

diversity of ammonia-oxidising bacterial communities in

wastewater treatment reactors of different design treating identical
waslewater[ J ]. FEMS Microbiology Ecology, 2003, 43 (2):
195-206.

B, KGN, 2R,

AL 7T BT[]

S RAEWURLTS IR A M R
R EPREERL A2 2006, 26(2)

183-187.
AREEAE |, 5, S5 L I E Al S IR A A R A A
IE%%%WZ%*[J]- TE KK, 2015, 31(1) : 5-9.

Zhou J, Bruns M A, Tiedie J] M. DNA recovery from soils of
[ J]. Applied
Microbiology, 1996, 62(2) : 316-322.
PNFRE, Tk, RIW, 4. ] PCR-DGGE £ Af##T MBR
AR ZREME )], RER 4, 2008, 41(3) : 356-
361.

Muyzer G, de Waal E C, Uitterlinden A G,

diverse  composition and  Environmental

et al. Profiling of

complex microbial populations by denaturing gradient gel
electrophoresis analysis of polymerase chain reaction amplified
genes coding for 16S rRNA [ J]. Applied and Environmental
Microbiology, 1993, 59(3) : 695-700.

Whiel, PhGER%, B4, 45, AW SO As TSR] B B A
BEEEM A BESE [J]. P58 TR %4, 2009, 3(6):

1023-1028.

Shannon C E, Weaver W. The mathematical theory of
communication| M ]. Urbana, IL; University of Illinois Press,
1963.

ok, AW, BRA, . ST X KRR = 4 IR
TR A [T]. SRR, 1997, 22(3): 246-
2438.

BEVK, WO, BRRET, A Al R i S AL rh A A A Al

[23]

[24]

[25]

[27]

[29]

[30]

[31]

[32]

[33]

BB (0], PRI

Yannarell A C, Triplett E W. Geographic and environmental

B2, 2011, 32(10) ; 3067-3072.

sources of variation in lake bacterial community composition[ J].

Applied and Environmental Microbiology, 2005, 71 (1) . 227-

239.

fitt W Bt DR U AL BB 7 IR Bl B BEE W) R 4 A A AT
IR IE/RIE Tl R, 2012.

ok, PNVERE, R, 4 MBR AR SIS S

SAHELT]. AEERMAEA 2008, 28(11) ; 2192-2199.

Ak, MG =, JriaE, 4. BIOLOG 7o YA MIRE o

BEZREEDT S PRI )], Lok, 2004, 41(3) : 456-

461.

Glimm E, Heuer H, Engelen B, et al. Statistical comparisons of

community catabolic profiles [ J ].

Methods, 1997, 30(7) : 71-80.

Gauch H G Jr.

Journal of Microbiology

Multivariate analysis in community ecology[ M].
New York: Cambridge University Press, 1982.

WHIH, R, A, % Iﬂ%ﬂ:u%ﬁmﬁ%iﬁi#@ﬁ%?&%
BERR LRI T]. b RA R, 2012, 33(3) : 8-14.
Rivkin R B, Anderson M R. Inorganic nutrient limitation of
oceanic bacterioplankton [ J ].

1997, 42(30) : 730-740.

Limnology and Oceanography,

(Ovreés L, Bourne D, Sandaa R A. Response of bacterial and
manipulations  in
mesocosms|[ J]. Aquatic Microbial Ecology, 2003, 31(2) .
121.

FAE. B K XTI R T K B A R 24 A MR
SRR EGT[ D], K, BEFF RS, 2011,

BHET-. FABE KBRS L A R S A S R
WI[D]. AT Wk, 2010.

viral communities to nutrient sea-water

109-



HUANJING KEXUE Vol.37  No.2

Environmental Science ( monthly) Feb. 15, 2016

CONTENTS

FEOK'S COMIEIIE +++++++++e+esesssesesesssssessssssssesssesessessse s s s eh st s bt s 44 s b4 4R 4484 4R 440 R4 40844 R b bR R bR bbb bbb bbb bbb bbbt (403)
WANG Tie-yu,ZHOU Yun-giao, LI Qi-feng, et al. ( 404 )
WU Jian-sheng, XIE Wu-dan, LI Jia-cheng ( 413 )
HUANG Bao-rong, CUI Shu-hong, LI Ying-ming ( 420 )
)

)

)

)

Risk Assessment and Risk Management of Chemicals in China

Application of Land-use Regression Models in Spatial-temporal Differentiation of Air Pollution

Ecological Footprint Evolution Characteristics and Its Influencing Factors in China from 2000 to 2010

TIAN Peng-shan, CAO Jun-ji, HAN Yong-ming, et al. ( 427
LIU Hui-lin, SONG Hong-jun, CHEN Zhi-ming, et al. ( 434

Pollution Characteristics and Sources of Carbonaceous Aerosol in PM, 5 During Winter in Guanzhong Area
Chemical Composition of the Single Particle Aerosol in Winter in Nanning Using SPAMS

Correlation Analysis Between Characteristics of VOCs and Ozone Formation Potential in Summer in Nanjing Urban District  ++++++++ YANG Xiao-xiao, TANG Li-li, ZHANG Yun-jiang, et al. ( 443
Seasonal Dynamics of Airborne Pollens and lis Relationship with Meteorological Factors in Beijing Urban Area  ««+sesseseesseseneeees MENG Ling, WANG Xiao-ke, OUYANG Zhi-yun, et al. ( 452
Mercury Distribution Characteristics and Atmospheric Mercury Emission Factors of Typical Waste Incineration Plants in Chongging ««+«+«+esessesesesesssssnnsniiiie

......................................................................................................................................................... DUAN Zhen-ya, SU Hai-tao, WANG Feng-yang, et al. ( 459 )
Characteristics of Atmospheric Dry and Wet Deposition of Trace Metals in the Hinterland of the Three Gorges Reservoir, China -w+++++- ZHANG Liu-yl, LIU Yuan, QIAO Bao-qing, et al. ( 466 )
++ XIE Yu-long, ZHANG Xin-ping, YAO Tian-ci, et al. ( 475 )

Mercury Transport from Glacier to Runoff in Typical Inland Glacial Area in the Tibetan Plateau SUN Xue-jun, WANG Kang, GUO Jun-ming, et al. ( 482 )
)
)
)

Monitoring and Analysis of Stable Isotopes of the Near Surface Water Vapor in Changsha

Characteristics and Risk Assessment of Heavy Metals in Core Sediments from Lakes of Tibet = «+exseereeresesiemeneneninenenininininen GUO Bi-xi, LIU Yong-qin, ZHANG Fan, et al. ( 490
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Surface Sediments of Inflow Rivers to Northeastern Lake Tanganyika -+ YU Cheng, CHEN Shuang, ZHANG Lu ( 499
Over One Hundred Year Sediment Record of Polyeyclic Aromatic Hydrocarbons in the Lake Bosten, Xinjiang «e-vereeeeeerereesesennene SHEN Bei-bei, WU Jing-lu, ZHAO Zhong-hua, et al. ( 507
Distribution Characteristics of Polycyclic Aromatic Hydrocarbons in Different Environmental Media from Qingbang Island, Zhoushan, China -

............................................................................................................................................................ ZHENG Huang, XING Xin-li, GU Yan-sheng, et al. ( 513 )
++ LI Qiang-kun,SONG Chang-ji, HU Ya-wei, et al. ( 520 )
*+ WANG Jing-ping, LI Zhao-fu,LIU Hong-yu, et al. ( 527 )

Transformation of Non-point Source Soluble Nitrogen in Simulated Drainage Ditch

Influence of Landscape Heterogeneity on Total Nitrogen Concentration in Zhongtian River Watershed

Nitrogen Release from Sediment Under Dry and Rainy Season Alternation and Its Contribution to N Export from Xiangxi Watershed in Jiangxi Provinge «+etereeseressersesssennssiisennnen
- HAN Ning, HAO Zhuo, XU Ya-juan, et al. ( 534 )
Spatial and Temporal Distributions of Nitrogen and Phosphate in the Chaohu Lake XI Shan-shan, ZHOU Chun-cai, LIU Gui-jian, et al. ( 542 )
Phosphorus Fractions and Release Risk in Surface Sediments of an Agricultural Headwater Stream System in Hefei Suburban, China ~ +++++++ PEI Ting-ting, LI Ru-zhong, GAO Su-di, et al. ( 543 )
Surface Property and Sorption Characteristics of Phosphorus onto Surface Sediments in Sanggou Bay «+:++eereeseeeserereneninieneininienens ZHU Jia-mei, CAO Xiao-yan, LIU Su-mei, et al. ( 558 )
Particle Size Distribution and Pollutant Speciation Analyses of Stormwater Runoff in the Ancient Town of Suzhou LI Huai, WU Wei, TIAN Yong-jing, et al. ( 565 )
(573)

Abundance of Toxic and Non-toxic Microcystis sp. in Lake Hongze and Its Correlation with Environmental Factors LI Da-ming, ZHANG Tong-qing, TANG Sheng-kai, et al.
Effect of Charge-Transfer Complex on Ultraviolet-Visible ( UV-Vis) Absorption Property of Chromophoric Dissolved Organic Matter (CDOM) in Waters of Typical Water-Level Fluctuation

Zones of the Three Gorges Reservoir Areas JIANG Tao, LIANG Jian, ZHANG Mu-xue, et al. ( )

WANG Hui, SUN Bo, GUAN Xiao-hong ( 588 )

ZHOU Hong-yi, NIE Ya-zhong, CHEN Yong, et al. ( 595 )

(1602)

(609)

Influence of pH on Kinetics of Anilines Oxidation by Permanganate
Effects of EDTA on the Reductive Dechlorination of 2,4-D by Pd/Fe

Preparation of NiAl-MMO Films Electrode and Its Capacitive Deionization Property » WANG Ting, ZHU Chun-shan, HU Cheng-zhi ( 602
Competitive Microbial Oxidation and Reduction of Arsenic ~++«+sesserreseeesenneneens +=+ YANG Ting-ting,BAI Yao-hui, LIANG Jin-song, et al. ( 609
Community Characteristics of ANAMMOX Bacteria in Subsurface Flow Constructed Wetland( SSFCW) for Processing of Aquaculture Waster Water —««-«essereeresseserensenemenennsnininennnnens

............................................................................................................................................................ ZENG Xian-lei, LIU Xing-guo, WU Zong-fan, et al. ( 615 )
Analysis of Pathogenic Bacteria in Reclaimed Water and Impact of UV Disinfection on the Removal of Pathogenic Bacteria «+«+-«+eseessererseseserensinienicnennnnne JING Ming, WANG Lei ( 622 )
Analysis of the Microbial Community Structure in Continuous Flow Reactor Enhanced by Heterotrophic Nitrification and Aerobic Denitrification Bacterium Burkholderia sp. YX02 -+

........................................................................................................................................................................ SHAO Jilun, CAO Gang, LI Zi-hui, et al. ( 630)
Comparative Metagenomics of BIOLAK and A%0 Activated Sludge Based on Next-generation Sequencing Technology +++++++++++eeeseeseeseiseisinnniniinennns TIAN Mei, LIU Han-hu, SHEN Xin ( 638 )
Identification and Nitrogen Removal Characteristics of a Heterotrophic Nitrification-Aerobic Denitrification Strain Isolated from Marine Environment ««+s«ssessesessessersensesemienennsnininennnnens

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SUN Qing-hua, YU De-shuang, ZHANG Pei-yu, et al. ( 647 )
Removal of AOX and Chroma in Biologically Treated Effluent of Chemical Dyestuff Wastewater with Nanoscale Ni/Fe +oveveeeeereeseeseeenenees SHU Xiao-ming, XU Can-can, LIU Rui, et al. ( 655 )
Feasibility of 3BER-S Process for the Deep Denitrification in Synch with the Removal of PAEs from Reclaimed Water ««+:«+s+sseseeseeeereess XU Peng-cheng, HAO Rui-xia, ZHANG Ya, et al. ( 662 )
Influence of Reaction Time on Titanate Nanomaterials and Its Adsorption Capability for Lead in Aqueous Solutions «+++«+essessessereeneeses FAN Gong-duan, CHEN Li-ru, LIN Ru-jing, et al. ( 668 )
Sorption Characteristics of Phenanthrene and 1,1-Dichloroethene onto Reed Straw Biochar in Aquatic Solutions — ««++++sssseseesessesseneees WU Qing-wen, MENG Liang, ZHANG Zhi-hao, et al. ( 680 )
Adsorption Characteristics of Norfloxacin by Biochars Derived from Reed Straw and Municipal Sludge ~ «+r+veesereeresreseseseseeneees ZHANG Han-yu, WANG Zhao-wei, GAO Jun-hong, et al. ( 689 )
Effect of Seasonal Temperature Increasing on Nitrogen Mineralization in Soil of the Water Level Fluctuating Zone of Three Gorge Tributary During the Dry Period — +xeereseereresssisssicnenisnene

LIN Jun-jie, ZHANG Shuai, LIU Dan, et al. ( 697 )
-+ CHEN Shu-tao, SANG Lin, ZHANG Xu, et al. ( 703 )
WANG You-qi, BAI Yi-ru, WANG Jian-yu ( 710 )
)
)

Effects of Warming and Straw Application on Soil Respiration and Enzyme Activity in a Winter Wheat Cropland +-
Distribution of Urban Soil Heavy Metal and Pollution Evaluation in Different Functional Zones of Yinchuan City
Differential Effect and Mechanism of in sitw Immobilization of Cadmium Contamination in Soil Using Diatomite Produced from Different Areas -+ ZHU Jian, WANG Ping, LIN Yan, et al. ( 717
Characteristics of Adsorption Leaching and Influencing Factors of Dimethyl Phthalate in Purple Soil = +xeoveseeeeesessnseresenenenisinnenn: WANG Qiang, SONG Jiao-yan, ZENG Wei, et al. ( 726
Cd Runoff Load and Soil Profile Movement After Implementation of Some Typical Contaminated Agricultural Soil Remediation Strategies — ++++xereesseresesereresiemieneniininis

Concentrations and Component Profiles PAHs in Surface Soils and Wheat Grains from the Cornfields Close to the Steel Smelting Industry in Handan, Hebei Provinge +:eesesveseeseesesnennees

- WU Di, WANG Yi-long, LIU Wei-jian, et al. ( 740 )
*+ LUO Peng-cheng, LI Hang, WANG Shu-guang ( 750 )
, ZHANG Wen-juan, et al. ( 756 )

Effect of Arbuscular Mycorrhiza (AM) on Tolerance of Cattail to Cd Stress in Aquatic Environment

Acute Toxic Effects of Bromate on Aquatic Organisms —«+osssseseerssssssmenenmmminn s WANG Zhi-wei, LIU Dong-mei

Development of Self-assembled Dumbbell-like Fe;0, Micro/nanomaterial for Application in Thermocatalytic Degradation of Polybrominated Biphenyls -+
............................................................................................................................................................ HUANG Xin-chen, ZONG Gang, LIU Ye-xuan, et al. ( 765 )

Impact of Salinity on Leachate Treatment and N,0 Releases from Semi-aerobic Aged-refuse Bioreactor -++r+sevsreeeresreresvsscnnesinenens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 775 )

Evaluating the Significance of Odor Gas Released During the Directly Drying Process of Sludge; Based on the Multi-index Integrated Assessment Method «+«+seseeseereeeeemenennenininennnens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DING Wen-jie, CHEN Wen-he, DENG Ming-jia, et al. ( 782 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == =
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
01642 B 15H #37% H2 Vol.37 No.2 Feb. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, R 2 : 100085 ) KEXUE) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
7N | —_————— = 2=
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





