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Comparison of  Polycaprolactone and Poly-3-hydroxybutyrate-co-3-
hydroxyvalerate for Nitrogen Removal | F S -
YI Cheng-hao, QIN Wei, CHEN Zhan, WEN Xiang-hua’ ¢ 0 )
(State Key Joint Laboratory of Environmentai Simulat“ion and Pollution Control, School of ‘E‘I.ljvicu)nment, Tsinghua Univer;ity;' Belﬁrflg
100084, China) ¥, * ’ [ 4 : :
Absti"act : Two }yﬁes ‘pf biodegradable polymers', ppl‘}'f"gaf)r._o__]dbtone (PCL) and poly-'S..-ﬁydr'(-)xybut};rater{?'o-3-hydroxyvale_rate (PHBVJ)-','“' .

weresused as a’denitrifi¢ation slow-release.carhonsotreé and a microbial carrier. By’ comprehensively comparing their/performancessi™

—

denitrification éarbon release, surface morphology “and material composition as well ¥ their mierdbial [community charaeteristics, ;the
PHBV] was determined=as the better performer. /lthad a/ghorter denitrification start time, ahigher denitrification rate, a lower restdual
orgznl.nic matter concentration, and a more stable jand sustained denitrification performancé*than PCL. This is because its surface was
rough"'.and*-'“contained‘large amounts of h};drophﬂic groups s_u_cH ag=C—O0 and C=0, which is easily attached and degraded by
mi(:rol(n)rganig_ns. As alresult, the microorgani§tms on its sﬁ.ll_flqse"'v’vere diverse. The dominant ones were identified with heterotrophic
denitrification potentials, such as Thiothrix, Pseudomanb&, Zoogloea, Flavobactertum, and Dechloromonas. Therefore, PHBV is
suitable/as a carbon source medium for tertiary nitrogen removal.

Key words : solid-phase denitrification; carbon source media; biodegradable polymer; poly- 3-hydroxybutyrate-co- 3-hydroxyvalerate
(PHBV) ; polycaprolactone ( PCL) ; characteristics of denitrifying bacteria communities
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Table 1  Physical properties of PCL and PHBV

e A i R
PR PCL PHBV
FEJ/mm 3.0 2.0
HA2/mm 3.0 3.5
R A/ mm? + mm ™3 2.0 2.2
HeBUEE /g-om 3 0. 68 0.59

YK /g-om 3 1.1 1.1
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ke mg* L] lﬁu/\mim%{m{i Mg%aq?/ﬁ
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0/3 g 'H,BOs, 0.2 g ZnSO, . 60,0 0/2 g
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-2H,0,/0.03 g Na,Se0,, 0.01 g NiCl, - 6HFO° Il
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B R AL /N T R AR SR

BRAR Y B AR N B A B2 s e, B
FETCIAE ) SUAE W B 2 5 45 00 T BBk g T il
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2.2.1  HEREIE] KRR

& 2(a) & PCL Il PHBV 25 Sl AR 56 1 M
JKNO; -N¥BE. #E/KNO, -NV B PR FEFE 50 mg- L~
ZE47, PHBV HiKNO; -N#k B BARAESE 1 d ik
14.2 mg-L™", HIES 2 d W g [ 3] 2.32
mg-L7", WG WA K, 25 11 d BFRER 2.3
mg- L~ I — HAERFAEZAE, U0 fUE W3 B PHBV
HEE 1 ~2 d, EEm N5 /K FINO, -NVR B % B[]

AR, T IR

—&— PCL

2 -
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Fig. 1 Organic carbon release rates of PCL and PHBV

410 d. PCL tH7J<N0 -NURBE AR RFLE R 7
K, B 19 d REE TR, 57 d WREE BRI 1
K, HE %dﬁﬁ% TZ%mngéﬁﬁ
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Mi%ﬂ@ﬁﬂrﬁ%ﬁ% Tﬁizﬁmi%{ﬂmﬁf nﬁélz
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zj] 14] /
PCL Al RHBV %mmmmmmamo N/ﬂ&
JiE el 2(b) Fi7s. PHBY HKNO; -NUkE 2 (F57E
.0.03 mg-L'RIF, R ENO, -NFLZ. PCL H
JKNO; -NE IR R | (HHWEKE Fem (HE7MIET 0. 15
mg-L~". Sfifbid A b BINO, -NFR R iy J5 A AT AE
ARG SR B pHLL AT R R e YR A TR R
&, AW PCL LAEYIRR TS 2 A, AN Reils
5t R 08 R ST A5 3 A B R A 2 g 45 B8 7 T
AL BT B, 1IN0, -NFR BB

PCL 1 PHBV #35 R i AR50 1 1 /K NH, -N
JEME 2 (c) BrzR. PCL A1 PHBV 7K i 35 00 £ 5]
AFFEEFNH, -NFUER, H PCL /KB NH, -NH
HE (<035 mgeL.™") B & F PHBV ( < 0.2
mg-L™"). FZHFIEAR G WAL BINH, -NFUR IS,
SEALRE R £ 16 IR A & ( DNRA ) 7] fig Jhy H: 3% i B A
Pandey 25" 76 + 3 2 B DNRA, Xu 2517 & B

ARG HRFET 0.1 ~1 mg-L™"&. ik, 4
I fA B 5 FH A B S R %2 K B, DNRA 5 F2 7R A AT

AER A,
PCL #1 PHBV 2 J filf fb il 56 19 7K TOC ¥
BEUNE 2(d) Frzs. PCL 1 PHBV H /K E ) TOC ik

BE4r 5 h 10.0 mg-L~" A1 16.1 mg-L~'. PCL 5
PHBV Hi7K TOC ¥R ML 20 mg- L', FBIPFPE

B YA B R D RERR IR Y E
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8.89 mg-L ™' H115.3 mg-L™". [FEAHHIE Y A it 3 7
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Fig. 3 Kinetic study of TOC release and NO; -N removal
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Table 3  Denitrification costs of different carbon sources

3l e Bt kg kg ™! TR A/ I kg ! fii RBAS/ IT - kg ! Sk
PHB 3.03 30 90.9 [2]
PCL 1.36 50 68 AW
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}/F’ KAt FH PHBV &4 E]"J/fj[:/ﬂ: Ll PHBV 1E MR IE [2] Boley A, Miller W R, Haider G. Biodegradable polymers as

I LT 2 A A R SR (.

TSR A I A B U HEAT AL 3, FL
5t BTV RE B A DR SRR S 2 9 1, TR
H AR SR I v 5 A T AR R 0 W A 1 R
5, TERHE MG SEia 4 T AR IR, IR A
KK R A R ﬁ%ﬂa%%%&%%ﬁf&
TE RN A, B R | s

AT, FLCH DR K R s 3 2 e

KPR T DHBY) IR GE B R A4 3 Ttk
TR FT ARG | (ER R4 Bk e o sl
1 AR A D S R 56 A AR A IR 14 s 45 b 38 o
HRAS il S0, 00 A e )
%ﬁ'%ﬁ FIRMPHBY MfkiE. T LA L

4 % ip‘

(1) ¥EKBIRIR IR 2 W PHBV 119 3% 7K BBk 1 R
I PCL BEAIG, AN Xt th /K L ks 4y s it il
R 50 % W, PHBV BASCRIE T PCL, Ji3 3]
N1 ~2 d, RELHEHRN 0.08 mg- (g-h) ~", it
B FE ; PCL A shit Rl K, HoRsmk e 1 LA 2L
JI BRI R AE.

(2)PHBV K MHLAE A R T AP &, PCL
RIADCHE AR T AV E; PHBV & A K&
C—O0 FIC =0% 35 K PER A H HA B+ A
BYEERIRE T, AR TR M R R .

(3) WA HEVE # B3R T PHBV A Ak
F I PCL &MY RN, PHBV BfAE Witk F 5 M £
FEMEY & T PCL. TGt T2 JE /KF-, PHBV A4
HR R A Ak 0 34 B P 28 VB i 2 85 T PCL AR P st
S AP TR B S R
[1] YuGL,PengHY, FuY]J, et al. Enhanced nitrogen removal of

low C/N wastewater in constructed wetlands with co-immobilizing

solid carbon source and denitrifying bacteria [ J]. Bioresource

Technology, 2019, 280 337-344.

(3]

[4]

[5]

[10]

[11]

[12]

and  biofilm
recirculated aquaculture systems[ J]. Aquacultural Engineering,
2000, 22(1-2) . 75-85. —
T, SIS, ADIBS, . OKHO 5 B LR
T LA PR B[], Iﬁ“ﬂjz, 2_(_),1-8 39(7):
3297-3305. .
Zhang Q, Jl F Y Fu X E, et al. Effects of gds/wdter ratio-on the
characteristiés of nltrogen xemoval and the mlm;dblal P6mmun1ty in

A 3.

solid substrate carrier for denitrification in

post sohd phase denitrification  biofilter
Environmental .SL]CH(,@ 2018 39(7) . 3297-3305. =
Al- Batlas-hl H, Annamalal N, “Al-Kindi S, et al. Produﬁtlon nf

blOp]abtl(‘ (poly 3- hyglroxy‘butyrate) using waste paper as” a-_‘.

praLess

feedstogk optimization of enzymatic hydrolvas and fermentatioh
éurkholderm' sacchari [ J ]. Journalw of Cledner

Production, 2019, 214 236-247. I

Fan Z X, Hua"J, Wang ] L. Biological nitrate removal using

empleying

wheat straw and PLA as  substrate [ J]. Environmental
Technology, 2012, 33(21) . 2369-2374.

IR, EHe. IR 5 2L BRAE Sy S il A ] (A8 U5 1) BF 52
[J]. ¥EERI2, 2009, 30(8) : 2315-2319.

Fan Z X, Wang J L.
carbon source[ J|. Environmental Science, 2009, 30(8) ; 2315-
2319.

Chu L B, Wang J L.
biodegradable polymer as a carbon source: long-term performance

RSC Advances, 2017, 7 (84):

Denitrification using polylactic acid as solid

Denitrification of groundwater using a

and microbial diversity [ J ].
53454-53462.

Zhu S M, Deng Y L, Ruan Y J, et al. Biological denitrification
using poly ( butylene succinate ) as carbon source and biofilm
carrier for recirculating aquaculture system effluent treatment[ J].
Bioresource Technology, 2015, 192 603-610.

ZEW . ANIR] L B TR BE IR T 2 R R I R IR Y
[D]. dbxt: R, 2014. 43-50.

Li P. A study on processes and microbial communities of tertiary
nitrogen removal with different electron donors [ D ]. Beijing:
Tsinghua University, 2014. 43-50.

AR SR, AR AR K I Ay Brr ik [ M), (%1

). At P EFREERN A R, 2002, 258-268.
Zhang Q, Ji F 'Y, Xu X Y. Effects of physicochemical properties
of poly-g-caprolactone on nitrate removal efficiency during solid-

phase denitrification[ J]. Chemical Engineering Journal, 2016,

283 604-613.
ek, IR, [EMARET LR ISR W BOE Ak e U5 gk 1 L
PE[T]. FREERLE, 2013, 34(4) ; 1428-1434.

Li B, Hao R X. Comparison and optimization of cellulose carbon



9 1

Dy LA RO NBR S BRRIE T R R Ik 14 [ A RE X L

4151

[13]

[14]

[15]

[17]

[18]

9y

L

#2011,

source for denitrification filter [ J ]. Environmental Science,
2013, 34(4) . 1428-1434.

2y, B, A%, A5 DL PHAs S B PRRR IR A A g
KEEBAM L LT]. P EFEER S, 2014, 34(2): 331-
336.

Li P, Tang L, Zuo J E,
municipal secondary effluent using PHAs as solid carbon sources
[J]. China Environmental Science, 2014, 34(2) : 331-336.
Wu W Z, Yang F F, Yang L. H. Biological denitrification with a
novel biodegradable polymer as carbon source and biofilm carrier
[J]. Bioresource Technology, 2012, 118 136-140.

Shen Z Q, Hu J, Wang J L,
using starch/polycaprolactone blends as carbon source and biofilm

Desalination and Water Treatment, 2015, 54(3):

et al. Tertiary nitrogen removal of the

et al. Biological denitrification
support[ J].
609-615.
Pandey A, Suter H, He J Z, et al. Nitrogen addition decreases
dissimilatory nitrate reduction to ammonium in rice paddies[ J].
Applied and Environmental Microbiology, 2018, 84 (17 ).
¢00870-18.
Xu Z S, Dai X H, Chai X L. Effect of different carbon sources
on denitrification performance, microbial community structure
and denitrification genes[ J]. Science of the Total Environment,
2018, 634 195-204. “.-'-
Chu L B, Wang J L. Comparison of polyurelhane foam and
biodegradable polymer as carriers in movmg bed blofll.m reactor
for treating wa@tewater with a low C/N ratlo[]
83(1) 63 68. fi A oy
Zhang X W Qu'Y Y Ma Q, et al. lymiéh, Im.se{ygeq.ue‘i{;:mg
d

reyeals dlvl;_r{t) mlcroblal communities of artwa'{()d slu

ge sy%tems

.sllmu]ated by ‘different aromatics for indigo bmsynthesm from

deole[]] PLoS One, 2015, 10(4) e0125732 .-J

(401

[21]

[22]

/ and “denitrification

Cher C ,IXu X J;Xie P, et al. Pyrosequencing reveils mf;:rohial
i Lonﬁ'munity ;llynamics in ntegrated simultariéous de?_glfurizgﬁ:j;?"“

process at different influent nitfate
rnnc'enlratlon%[]j Chemosphere, 2017, 171 294-301.
Feng L J, Chen K, Han D D,

removal and microbial properties in solid-phase denitrification

et al. Comparison of nitrogen

systems for water purification with various pretreated

lignocellulosic carriers[ J]. Bioresource Technology, 2017, 224 .
236-245.

Nielsen P H, de Muro M A, Nielsen J L. Studies on the in situ
physiology of Thiothrix spp. present in activated sludge [ J].
Environmental Microbiology, 2000, 2(4) : 389-398.

Chemospbeire S

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Mergaert J, Swings J. Biodiversity of microorganisms that degrade
bacterial and synthetic polyesters [ J ]. Journal of Industrial
Microbiology, 1996, 17(5-6) ; 463-469.

ki, XUmn, R, % DIRZRAE T BB AL R
ﬁk}éﬁ%f‘fﬁﬂﬁﬂm?ﬂﬁ/%ﬁE‘Jﬁﬁ@fiﬂ:&i%ﬂﬁﬂ"%@z%ﬁ?%
BAS[I]. BUEYIZER, 2014, 54(9) : 1053-1062.

Zhang L H, Liu L L, Qiu T L, et al.

recirculating aquaculture system using polyhydroxybutyrate-co-

Nitrate removal from
hydroxyvalerate as carbon source [ J]. Acta Microbiologica
Sinica, 2014, 54(9) : 1053-1062.

Zhou S L, Zhang Y R, Huang T L,

denitrification dominates nitrogen losses from reservoir ecosystem

et al. Microbial aerobic

in the spring of zhoucun reservoir [ J ]. Science of the Total
Environment, 2019, 651 . 998-1010.

Mh/hNaz, B, X008, S5 1K) KRt us b E Y/ 1
FFEME BRI L)]. P EAKHEK, 2017, 33(23) .
27-32.

Chen X J, Huang T, Liu S H,

denitrification filter and chemical for nitrogen and phosphorus

et al. Cooperative processes of

removal in tail water from wastewater treatn‘l.ent..‘plaﬂtf-,]] . ghina
Water & Wastewater | 2017, 33(23) . 27—2"32. '_,_‘.'-“r:_ﬂ“l
Dannenberg S, Kroder M, Dilling W, et al: O‘Xitllla'{iun of H,,
organic (‘ompb‘an(i% and jinorganic sulfur (‘ompouﬁ.d@ coupled to
reduction/ of! ,-02 or mtraile by sulfate- lredum-nﬂr b.pélerla [J ¥
Archlves of Mlcrobmldgy, 1992, 158(2) ; 93-99.* r __‘.-"J

-

SHEE, R R R TIR AT TR R NFAs &

i PHBV’ E@ﬁ%[}) EPEL#?’FI CN104651420A, 2915 05-
7. o % o A
et P kg, Wtk A L R 9F
s PARHBY 1 [ P, o % AL CN103865960A
2014-06°18. 7
Wang JIL, Chu L B. Biological nitrate removal from water and
wastewater by  solid-phase " denitrification process [ J ].
Biotechnology Advances, 2016, 34(6): 1103-1112.

Chu L B, Wang J L. Denitrification of groundwater using PHBV
blends in packed bed reactors and the microbial diversity[ J].
Chemosphere, 2016, 155 463-470.

Lee K C, Rittmann B E. Applying a novel autohydrogenotrophic
hollow-fiber membrane biofilm reactor for denitrification of
drinking water[ J]. Water Research, 2002, 36(8) ;: 2040-2052.
War, AL, BN, S5 ARAVEYIR TR A [ AR R R A
PIBAIEFERIIIELA]. W hEFRERE R AR
(BT [C]. BB AEIRER A2, 2013, 5368-5372.



HUANJING KEXUE Vol.40  No.9

Environmental Science (monthly) Sep. 15, 2019

CONTENTS

Size Distributions of Different Carbonaceous Components in Ambient Aerosols DU Xiang, ZHAO Pu-sheng, DONG Qun, et al. (3849)
Analysis of Air Pollution Characteristics and Meteorological Conditions in Zhengzhou from 2014 to 2017 -+ GUO Meng-meng, JIANG Nan, WANG Shen-ho, et al. (3856 )
Characteristics of Atmospheric PM, 5 Pollution and Its Influence on Visibility in Background Areas of Ji'man BIE Shu-jun, YANG Ling-xiao, GAO Ying, et al. (3868 )
Source Analysis and Health Risk Assessment of PAHs in PM, s During Winter in Liaocheng City »«+eeeoeseeesessesssinsninsenn LIU Xiao-di, HOU Zhan-fang, MENG Jing-jing, et al. ( 3875 )
Temporal-Spatial Characteristics and Variability in Aerosol Optical Depth over China During 2001-2017 ««xeeesessessesnensesesnenneenennes LIU Hai-zhi, GUO Hai-yan, MA Zhen-feng, et al. (3886)
Spatial-Temporal Distribution of Absorptive Aerosols in the Yangtze River Delta ZHAO Nan, CAO Fan-shi, TIAN Qing, et al. (3898)
Emission Characteristics of Chemical Composition of Particulate Matter from Coal-fired Boilers YANG Yan-rong, ZHOU Xue-ming, QIN Juan-juan, et al. (3908)
Pollution Characteristics of Heavy Metals in PM, 5 Near Highway «+ereoveeevereeerssenissiienniene LI Xiao-hao, LIAO Zu-wen, ZHAO Hong, et al. (3916)
Pollution Characteristics and Potential Ecological Risks of Heavy Metals in Road Dust in Beijing «essesesessessesssesenennssninennsienennes HU Yue-qi, GUO Jian-hui, ZHANG Chao, et al. (3924)
Application of Test Method for Dust Suppression Efficiency of Wind Erosion Dust Suppressant ««+«+esesseseeesesessssnsminin. QIN Jian-ping, LI Bei-bei, YANG Tao, et al. (3935)
Emission Characteristics and Ozone Formation Potential of VOCs in Printing Enterprises in Beijing-Tianjin-Hebei «+:+-veeeeservesveesenenenns LIU Wen-wen, FANG Li, GUO Xiu-rui, et al. (3942)
Source Profiles of VOCs Associated with Typical Industrial Processes in Chengdu «+seseeeresssseesesenmensnmisiies ZHOU Zi-hang, DENG Ye, WU Ke-ying, et al. (3949)
Characterization and Health Risk Assessment of Exposure to Odorous Pollutants Emitted from Industrial Odor Sources «+:«+«+sssseseeseseeseneens MENG Jie, ZHAI Zeng-xiu, JING Bo-yu, et al. (3962 )
Analysis of HONO Concentration and Source in Typical Rural Area of North China =«eseseeseseessesssesenennniininensienenns WANG Yu-zheng, XUE Chao-yang, ZHANG Cheng-long, et al. (3973)
CO-SCR Performance and Mechanism over Co30,, Catalysts »++eseresesesesesssessssesssssnissninstssiss s ZHONG Xue-mei, ZHANG Tao, LI Jia-yin, et al. (3982)
Pollution Characteristics of Perfluorinated Alkyl Substances (PFASs) in Seawater, Sediments, and Biological Samples from Jiaozhou Bay, China +«+resssererssesressnsnmmisnnininsiiiinnens
.................................................................................................................................................................. CUI Wen-jie, PENG Ji~xing, TAN Zhi-jun, et al. (3990)
Occurrence and Influencing Factors of Odorous Compounds in Reservoirs Used as Drinking Water Resources in Jiangsu Provinge «+«+seseeseseseressernienenennnins
...................................................................................................................................................... SHI Peng-cheng, ZHU Guang-wei, YANG Wen-bin, et al. (4000)
Fluorescence Characteristics and Influencing Factors of Dissolved Organic Matter (DOM) in Water and Sediment of Urban Watershed: A Case Study of Xiaojia River in Ningbo City = ++++++++
GAO Feng, SHAO Mei-ling, TANG Jian-feng, et al. (4009 )
Water Bloom Modified Sediment Nitrogen Transformation and Removal XIAO Lin, YANG Jia-yi (4018)
Applicability of Bioavailable Phosphorus in Sediments to Indicating Trophic Levels of Lakes and Reservoirs = +xeeeeseeeesessressennsenisenn LIU Hui, HU Lin-na, ZHU Meng-yuan, et al. (4023)
Analysis of Nitrate Pollution Sources in the Rainy Season of the Lower Fenhe River :erereesesesrerersienneninninin. WANG Yin-long, FENG Min-quan, DONG Xiang-gian ( 4033 )
Hydrochemical Characteristics and Evolution of Groundwater in the Kashgar Delta Area in Xinjiang ««-vereereeererereseneneneninenennen WEI Xing, ZHOU Jin-long, NAT Wei-hua, et al. (4042 )
Community Diversity of Eukaryotic Nano-phytoplankton in Yellow Sea Using DNA Metabarcoding Technology Based on Multiple Amplicons
.................................................................................................................................................................. ZHANG Li, ZHANG Yuan, LIN Jia-ning, et al. (4052)
Comparison of Functional Groups of Phytoplankton in FG, MFG, and MBFG: Taking Three Reservoirs as an Example in Guizhou Plateau «++ CHEN Qian, LI Qiu-hua, MA Xin-yang, et al. (4061 )
Adsorption and Mechanism of Arsenic by Natural Iron-containing Minerals =~ ««+«+esseseereerseesimmenensnenienensinne s SHAO Jin-qiu, WEN Qi-gian, YAN Xiu-lan, et al. (4072)
Removal of Ph? * from Aqueous Solution by Magnesium-Calcium Hydroxyapatite Adsorbent HE Hao, ZHU Zong-qiang, LIU Jie, et al. (4081 )
Intensified Electrosorption of Ph** by 2, 6-diaminoanthraquinone/ Graphene Composite Electrode JIN Sheng-yao, XIANG Yang, ZHANG Jun-yu, et al. (4091 )
Experiment on Recovery of Phosphorus from Aqueous Solution by Calcium Doped Feg0, «oreeererrersevsseenmeinisininninenns BAI Run-ying, LIU Jian-ming, HAO Jun-feng, et al. (4098 )
Removal of Microplastics by Different Treatment Processes in Shanghai Large Municipal Wastewater Treatment Plants «+r+eeeeeeeresseesneneenens JIA Qi-long, CHEN Hao, ZHAO Xin, et al. (4105)
Enhanced Nutrient Removal and Microbial Community Structure in a Step-feed A%/ Process Treating Low-C/N Municipal Wastewater -+ RONG Yi, LIU Xiao-chai, HE Yin-xuan, et al. (4113)
Performances Analysis of an Upflow Anaerobic Filter for Domestic Sewage Treatment *+ YANG Zhong-gi, LIU Xiu-hong, LI Hai-xin, et al. (4121)
Electron Equilibrium Analysis of Integrated Autotrophic and Heterotrophic Denitrification Process Under Micro-aerobic Conditions -++++++- ZHANG Ruo-chen, CHEN Chuan, SHAO Bo, et al. (4128)
Pilot Study on Start-up and Stable Operation at Low Temperature Based on Denitrifying Phosphorus Removal - ««esssseeeereerseseeeseneneienicnnens ZHANG Fan, YU De-shuang, LIU Jie, et al. (4136)
Comparison of Polycaprolactone and Poly-3-hydroxybutyrate-co-3-hydroxyvalerate for Nitrogen Removal =~ +x«ssessesesesesenenmenenenenenininnenns YI Cheng-hao, QIN Wei, CHEN Zhan, et al. (4143)
Rapid Cultivation of Anaerohic Ammonium Oxidation Granular Sludge and Inhibition Kinetics of Granular Sludge »«+-++++++eseeeseeseereen TANG Peng, YU De-shuang, CHEN Guang-hui, et al. (4152)
Effect of Ca®* on the Nitrification Activity and the Flocculation and Sedimentation Performances of the Activated Sludge ++++++++ ZHANG Lan-he, ZHAO Qian-nan, ZHANG Hai-feng, et al. (4160)
Recovery of Phosphorus in the Form of Struvite from the Anaerobic Fermentation Supernatant of Excess Sludge +-«+s++sesseeeseeseseensienens CHANG Xiao, ZENG Wei, WANG Bao-gui, et al. (4169)
Effect of Signal Molecule Combined with Thiobacillus denitrificans on Simultaneous Removal of Nitrogen and Sulfur «+seseseereeeeeseene XU Jin-lan, CHEN Zi-wei, ZHANG Shao-feng, et al. (4177)
Bacterial Community Composition in Channel Sediment in Response to Mariculture Wastewater Drainage +«++:+sveeseereesresesienenensineninnenns HU Yue-hang, XUAN Li-xia, QIU Qiong-fen (4185)
Setup and Microbial Community Analysis of ANAMMOX System for Landfill Leachate Treatment Coupling Partial Nitrification-Denitrification Process —«++vereeeseesesesssnemenensnininennee
..................................................................................................................................................................... ZHAO Qing, LIU Meng-ying, LU Hui, et al. (4195

Effects of Rice Straw Addition on Methanogenic Archaea and Bacteria in Two Paddy Soils — «+esevesersessesesssemenmmsinenninienen BAO Qiong-li, WANG Feng-hua, BAO Wan-kui, et al. (4202

Effect of Plastic Film Mulching on Greenhouse Gas Emissions from Rice-Rapeseed Rotation in Cropland —+s++sesvesseseesenenenesinennens CHEN Shi-jie, JIANG Chang-sheng, NI Xue, et al. (4213

LU Tian-xin, WU Yan-zheng, SHEN Jian-lin, et al. (4221

++ CHENG Fang, DING Shuai, LIU Su-mei, et al. (4230
(

N,0 Emissions from a Tea Field with Deep Application of Nitrogen Fertilizer and Intercropping with White Clover

Distribution and Emission of Nitrous Oxide (N,0) in Three Gorges Reservoir and Downstream River *

)
)
)
)
)
)

Synergy of Algal Sedimentation and Sediment Capping for Methane Emission Control in Bloom Waters ««+eseeeseseeresssisnsicnsiiniinn ZHU Lin, YU Jiang-hua, SHI Wen-qing, et al. (4238

Impact of Newly Build Lead-Acid Battery Agglomeration Area on the Surrounding Soil Environment: A Study Based on the Spatial Characteristics of Heavy Metals ««eeeesrerreeeesenennene
.................................................................................................................................................................. DING Ya-li, LIAO Min, FANG Zhi-ping, et al. (4244

Effects of Amendments with Different C/N/P Ratios on Plant and Soil Properties of a Ph-Zn Mine Tailings «+«+«+ssseeseeseseeseereeeenes YANG Sheng-xiang, LI Feng-mei, PENG Xi-zhu, et al. (4253

Derivation of the Thresholds of Available Concentrations of Heavy Metals in Soil Based on Agricultural Product Safety ++ ZHANG Yun-hui, DU Ping, HE Ying, et al. (4262
LUO Dong-hai, WANG Zi-fang, LU Chang, et al. (4270
Influence of Land Use Change on Litter and Soil C, N, P Stoichiometric Characteristics and Soil Enzyme Activity in Karst Ecosystem, Southwest China «+r«sseseeseersersenemenenenenenenenes

TIAN Jing, SHENG Mao-yin, WANG Pan, et al. (4278)
PENG Ou, LIU Yu-ling, TIE Bai-qing, et al. (4287)

*+ CHEN Yang, YIN Hong-ling, WU Di, et al. (4295)

Content of Soil Phytolith-Occluded Organic Carbon in Different Land Use Patterns at Jinyun Mountain




	组合
	单独封面9
	中文


