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Influencing Factors for Hydrolysis of Sewage Sludge Pretreated by Microwave-

H, O,-Alkaline Process

JIA Rui-lai', WEI Yuan-song'*>* , LIU Ji-bao'

(1. Research Center for Eco-EnVlronmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. Ordos Institute of
Solid Waste Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Ordos 017000, China)
Abstract: Pretreatment can improve carbon source utilization of sludge. In this study, influencing factors of hydrolysis including
hydrolysis time, ratio of seed sludge and temperature were investigated for sewage sludge pretreated by microwave-H, O,-alkaline
process through batch experiments. Meanwhile, effects of hydrolysis and releasing characteristics of organic matters were also
investigated under the optimized conditions. The results showed that the optimal hydrolysis time was 12 h and the optimized inoculum to
substrate ratio (I/S) was 0. 07. Under optimized conditions (12 h, I/S =0.07), SCOD, soluble proteins, soluble sugars and total
VFAs content increased with increasing temperature, reaching the maximum at 65°C. Acetic, propionic and iso-valeric acids were the
dominant VFAs produced, and the percentage of acetic acid accounting for total VFAs was between 42. 7% and 59.7% . In terms of
carbon source composition, SCOD accounted for 37.8% -40.8% of total COD, soluble proteins accounted for 38.3%-41.3% of
SCOD, soluble sugars accounted for 9. 0% -9. 3% of SCOD and total VFAs accounted for 3. 3% -5. 5% of SCOD. The COD/TN watio
was between 15.79 and 16.50 in the sludge supernatant. The results of the three-dimensional fluorescence spectra and apparent
molecular weight distributions showed that the fluorescence intensity of tyrosine-like substances in the soluble microbial products was
the highest and increased with the increasing temperature in the sludge supernatant. After the sewage sludge was pretreated by
microwave-H, O,-OH process, a lot of organic matters were released, including small molecule organics (M, 100-350) , while after
hydrolysis, M, 3 000-60 000 organics were degraded.

Key words: microwave; H, O, ; sludge; pretreatment; hydrolysis
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Table I  Main characteristics of sludge used in the experiment

e ik — ik —

- FART5TR e MW-H, 0,-OH TG TR PG MW-H, 0,-OH
TS( MRS ) /gL 17.63(0.15)  14.69(0.01)  20.36(0.37)  14.18(0.44)  5.75(0.02) 17.93(0.06)
VS (45 & BRI EE ) /gL 13.25(0.03) 8.77(0.00)  14.26(0.27) 9.78(0.34)  3.25(0.00) 11.50(0.08)
VS/TS 0.75 0. 60 0.70 0. 69 0.57 0. 64

pH 6.63 7.21 7.54 6.72 7.50 8.01
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2 GRS
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ML R DUE B AR 2R L (1S R
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FEU, B0 o5 M R0 A, I AP Ak K fige st 18] A E R
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Kk R R A6 7 0 S TR A R L
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(d7") 5 0 4 kyy BRI R KL & 9F Z 305 245X
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IR AT (2) , ARBF G AS R FE R HL B (/S R
0.07.0.26,0.62) F ,/Kfi# 36 h s FEHEAT T H5%03
AL E 2 foR SRS EBEU A AT

X, = 8833.42 — 1765. Tdexp( - 0. 141")

R* =0.95 1/S =0.07
X, =7302.89 — 1763.79xp( - 0.28t")
R* =0.93 1/S =0.26
X, =5751.03 —1733. 1lexp( - 0.32¢")
R* =0.95 1/S =0.62
FHFX 3 ANAKX, AR BRI (/S A
9000
- 8000 F
éﬂ 7000 /
S 6000 | B
5—), ‘ /i___*/‘ E
5000 —a— /S =0.07
{f —o— |/§=0.26
/ A— /S =0.62
4000 4

0 6 12 18 24 30 36 42 48 54 60
A it )/
1 TEM /S #50LL 5 70K #2 i 8] X SCOD 7 #4520
Fig. 1 Effect of different I/S ratios and hydrolysis

time on SCOD release
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(A3 IR AN UE BH S I b s Je i L ] ] LA
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LY BF9Y R BITE 40, 50, 60°C, Wk 4F 56 (VS =
23.78 g-L7") Y K fiff T R B K2y oM 0. 1142
0.1270,0.2009 h™'. X255 RERH, Lid MW-
H,0,-OH TiAb3 5 A3 43 15 V78 i I 55°C 454 T
IK AR R T T, EARIG I Rl e, BT D4R
K R % (R SCOD Y St ol i, 3R L A6
> SCOD A ik =g, v LU T A= W A bR B
Rl 2. Uk, i e m el 1/S 2y 0. 07.

%000 L X,=8833.42 - 1765.74exp(-0.14¢) R?=095
=m0
8000 |-
® X,=7302.89- 1763.79%xp (-0.28¢) R%=0.93
7 . - [
E’ 7000 |- . b
=
§ pron | Xu=5751.03 - 1733.11exp (-0.32/)  R*=095
o A a °
S a
w
5000 u [/S=0.07
e 1/5=026
A 1/S=0.62
4000
1 L 1 L 1 1 1
0 6 12 18 24 30 36
K AR )b

2 AEH /S ML G TR ERES 0 ~36 h #)
SCOD BrHy a4l & MLk
Fig. 2 Fitting exponential curves of SCOD production when

the hydrolysis time was from O h to 36 h at different 1/S ratios
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MW-H, 0,-OH Filb ¥ 575 Je /K g 4 R &5 G, i) LA
AR A S U B e RS A AT A ki Y &4
T HEVE.
2.2.1  REEXT SCOD By
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H, 0,-OH il 4b L J5 , SCOD Kk i JF 42 &5, 7 820
mg- L', #1735, 7% , SCOD/TCOD 2 H &
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mg- L~ SRR E T 12 h 97K f# , SCOD #4m

F7080, 7390, 7460, 7640 mg-L~", 3243
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35°CHT, 45,55, 65°C F 12 h /KfitJ5 SCOD 43 542
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S SCOD/TCOD ¥R & ik BE 1 iy 1 v, Uk W5
VK A R i 0 8 5 T 1

2.2.2 R BEXHE R R B S A R RS R Y
Al

MIEL 3 (b)) R, 15 98400 o B 9 i P £ 3 oA
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Fig. 3 Releasing characteristics of SCOD, soluble proteins and soluble

sugars when the hydrolysis time was 12 h and 1/S ratio was 0. 07
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Fig. 4 Releasing characteristics of total VFAs and VFA components
when the hydrolysis time was 12 h and I/S ratio was 0. 07
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Y, E 20 VEAL (B SRR, 77 A2 VFA 1Y
AR LIRS B A e AT, v RESE
TR s o) R B0, A 58 B R 7 B e i
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MISEE T, VEA AT RERE ™ H e i K i I8 AR, (2 A
g, R EEREE T 12 h BB = ik 10 ~ 20
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] RE.
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(b) |\ 4(e) i, SRR /M IR . £/ > N
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Fig. 5 Releasing characteristics of TN when the hydrolysis
time was 12 h and 1/S ratio was 0. 07
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Table 2 3DEEM fluorescence analysis results of different sludge used in the experiment
Wi H JEI5 R HeRpi5 e MW-H, 0,-OH 35°C 45°C 55°C 65°C
WA (E/E,)/nm 270.0/295.0  270.0/295.0  270.0/295.0  270.0/295.0  270.0/295.0  270.0/295.0 270.0/295. 0
PR E 3271 3223 3366 4158 4908 5577 5947
4B (EJ/E,)/nm 220.0/295.0  220.0/300.0  220.0/300.0  220.0/295.0  220.0/300.0  220.0/300.0 220. 0/300. 0
PR E 316.6 304. 1 385.4 548. 4 785.5 1093 1357
% C (EJ/E,)/nm 225.0/325.0  225.0/325.0  225.0/325.0 225.0/325.0 225.0/325.0  225.0/325.0 225.0/325.0
PR E 242.5 224.9 381 559.1 803.7 980. 3 1315
D (EJ/E,)/nm 225.0/335.0
P v 1275
400 400
360 360
_ 320 _ 320 0
S < 250.0
280 280 5000
240 240 750.0
1 000
200 200 1250
250 300 350 400 450 500 550 250 300 350 400 450 S00 550 1500
400 400 1750
2000
360 360 555h
= 320 g 320 2500
£ £ 2750
= 280 = 280 3000
3250
240 240 3750
4000
200 200 4250
400 400 4300
4750
360 360 | 5000
5250
g 320 g 320 5500
5 T 5750
=3 =
280 280 6000
240 240
200 200

250

300 350 400

En/nm

450 500 550

250

300 350 400

Ey/nm

450 500 550

() J5I5 % LW, (b) MW-H, 0,-OH BRI 598 L, (¢) ~ (1) 735129 35, 45,55, 65°CF,1/S 25 0. 07 , KA 12 h J& 975 L1
B6 SR A= st e
Fig. 6 3DEEM fluorescence spectra of different sludge supernatants
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R, H 350 < M, <500, 32 B 5 TR K M e
Vs M, <200, F22 LRGN TR R IR IR |
NS TFRIEETR T RS, IR T s, &

i MW-H,0,-OH TiAb# 5, B WL K B M,
100 ~200 1A L4 25 0 W Wi B2 W 8 38 n, 76 M,
200 ~350 HHB—5R A HLAY) 58 SIS | 15 B i
PR AR A T /N AR, M, 500 ~ 3 000 H) A
BILA R I A 52 s A 348, 10 B Ak B el R 7
JE B S HMERE AT L it — D A R (B2 L
KA KA. AE M3 000 ~60 000 H L T —4~ K
(18 Jo 1 14) W2 A 0, 56 R Ak 0o R LR B TR ] M,
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Fig. 7 Change of apparent molecular weight distributions
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of organics in different sludge supernatants
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T COD/TN Hy 15.79 ~16. 50. it =4E5
Jeik 15U EIERC LT HRR IR E A O, D
S FRPERUE Y e 2R o 3, I HL 2O B bl
KA O T v T . A LA WA T
A, AT LB T, 2893 MW-H,0,-0H FilAb 35 A
PLY R B, P 46 M, 100 ~ 350 B/ N T8
ML, 2o AR BE T /K f# )5, M, 3 000 ~ 60 000 1
A BT 2
CEE ¢
[1] Weemaes M P J, Verstraete W H. Evaluation of current wet

sludge disintegration techniques [ J ]. Journal of Chemical
Technology and Biotechnology, 1998, 73(2) . 83-92.

(2] S6H, JERek, (AR, - B T Ah 3 0 30 80 4% T VR DR 42 0
FEIIBFTEL ). HETRIE, 2012, 33(6) : 1918-1922.

[ 3] Pavlostathis S G, Giraldo-Gomez E. Kinetics of anaerobic
treatment; a critical-review [ J ]. Critical Reviews in
Environmental Control, 1991, 21(5-6) : 411-490.

[4] TongJ, Chen Y G. Enhanced bhiological phosphorus removal
driven by short-chain fatty acids produced from waste activated
sludge alkaline fermentation [ J]. Environmental Science &
Technology, 2007, 41(20) ; 7126-7130.

[5] Gali A, Dosta J, Mata-clvarez J. Use of hydrolyzed primary
sludge as internal carbon source for denitrification in a SBR

treating reject water via nitrite [ J ].

Chemistry Research, 2006, 45(22) : 7661-7666.

Industrial & Engineering

[ 6] Kampas P, Parsons S A, Pearce P, et al. An internal carbon
source for improving biological nutrient removal[ J ]. Bioresource
Technology, 2009, 100(1) ; 149-154.

[7] TonglJ, Chen Y G. Recovery of nitrogen and phosphorus from
alkaline fermentation liquid of waste activated sludge and
application of the fermentation liquid to promote biological
municipal wastewater treatment[ J]. Water Research, 2009, 43
(12) : 2969-2976.

[8] Eastman J A, Ferguson J F. Solubilization of particulate
organiccarbon during the acid phase of anaerobic digestion[ J].
Journal Water Pollution Control Federation, 1981, 53(3) . 352-
366.

[ 9] Eliosov B, Argaman Y. Hydrolysis of particulate organics in



2230

® b

2% 36 &

[14]

[15]

[16]

[17]

[18]

[22]

[23]

activated-sludge systems[ J]. Water Research, 1995, 29 (1)
155-163.

RS, WoKER, SRR, AF. RS TRIRIE A B K R AR
REHIILLI]. FEERISE, 2014, 35(7) : 2658-2663.

Kang X R, Zhang G M, Chen L, et al. Effect of initial pH
adjustment on hydrolysis and acidification of sludge by ultrasonic
pretreatment[ J |. Industrial & Engineering Chemistry Research,
2011, 50(22) . 12372-12378.

BLFT. 0 - DR A AR T2 Ak B K i R AL Bk A 15 T 1Y
SERRTFE[D]. )M AR B TR, 2011,

Jones D A, Lelyveld T P, Mavrofidis S D, et al. Microwave
heating applications in environmental engineering—a review|[ J].
Resources, Conservation and Recycling, 2002, 34(2) . 75-90.
Chang C J, Tyagi V K, Lo S L. Effects of microwave and alkali
induced pretreatment on sludge solubilization and subsequent
aerobic digestion[ J]. Bioresource Technology, 2011, 102(17) .
7633-7640.

Ahn J H, Shin S G, Hwang S. Effect of microwave irradiation on
the disintegration and acidogenesis of municipal secondary sludge
[J]. Chemical Engineering Journal, 2009, 153 (1-3). 145-
150.

HOREE, BRUEIR, EWH, . M AL TS R
NEACR LCERFFELT]. P E KK, 2012, 28(11) ; 61-64.
Pino-Jelcic S A, Hong S M, Park J K. Enhanced anaerobic
biodegradability and inactivation of fecal coliforms and Salmonella
spp. in wastewater sludge by using microwaves [ J ]. Water
Environment Research, 2006, 78(2) : 209-216(8).

Wang Y W, Wei Y S, Liu J X. Effect of H, O, dosing strategy
on sludge pretreatment by microwave-H, O, advanced oxidation
process| J]. Journal of Hazardous Materials, 2009, 169 (1-3) .
680-684.

FHE. - i A Ak B ) Ak 2 R % T U8 (Y A AR 5 LB
FE[D]. dent: PEBEERAESREAFT AL, 2009.

sy, (o B AR L2 AE TS P FAh B b i LU BB 9E [ D]
JEnt: i E R B AR SIS L, 2010.

Xiao Q C, Yan H, Wei Y S, et al. Optimization of H, O, dosage
in microwave-H, O, process for sludge pretreatment with uniform
design method[ J]. Journal of Environmental Sciences, 2012, 24
(12) : 2060-2067.

Ahn Y H, Speece R E. Elutriated acid fermentation of municipal
primary sludge [ J]. Water Research, 2006, 40 (11) . 2210-
2220.

Xu R, Zhang Q, Tong J, et al. Internal carbon source from
sludge pretreated by microwave-H, O, for nutrient removal in A%/
O-membrane bioreactors [ J]. Environmental Technology, 2014,
36(7): 827-836, doi: 10. 1080/09593330. 2014. 963694.
Xiong H, Chen J, Wang H, et al. Influences of volatile solid
concentration, temperature and solid retention time for the
hydrolysis of waste activated sludge to recover volatile fatty acids
[J]. Bioresource Technology, 2012, 119 285-292.

Zhang P, Chen Y G, Zhou Q. Waste activated sludge hydrolysis

and short-chain fatty acids accumulation under mesophilic and

[30]

[31]

[32]

[33]

[34]

[37]

[38]

[39]

thermophilic conditions: Effect of pH [ J]. Water Research,
2009, 43(15) : 3735-3742.

CJ/T 221-2005. 3T 5 /K ALBE) V5048 k[ S]. 2005.
FE S R AP SR KRR K IS I e A s [ M. (381
J) . bRt PEFRERLA AL, 2002.

Dubois M, Gilles K A, Hamilton J K, et al. Colorimetric method
for determination of sugars and related substances[ J]. Analytical
Chemistry, 1956, 28(3) : 350-356.

Lowry O H, Rosebrough N J, Farr A L, et al. Protein
measurement with the folin phenol reagent [ J]. Journal of
Biological Chemistry, 1951, 193(1) ; 265-275.

B J5K) RIA TS VeI AR BR AL A PR TR 1 10
FE[D]. J7IN: R HLT RS, 2010.

Wang D S, XuZ Z, Zhao Y M, et al. Change of genotoxicity for
raw and finished water; Role of purification processes [ J].
Chemosphere, 2011, 83(1) . 14-20.

Yuan Q, Sparling R, Oleszkiewicz J A. VFA generation from
waste activated sludge: Effect of temperature and mixing [ J].
Chemosphere, 2011, 82(4) . 603-607.

Toreci I, Kennedy K J, Droste R L. Evaluation of continuous
mesophilic anaerobic sludge digestion after high temperature
microwave pretreatment [ J ]. Water Research, 2009, 43 (5) :
1273-1284.

Zhuo G H, Yan Y Y, Tan X J, et al. Ultrasonic-pretreated waste
activated sludge hydrolysis and volatile fatty acid accumulation
under alkaline conditions; Effect of temperature[ J]. Journal of
Biotechnology, 2012, 159(1-2) . 27-31.

Tanaka S, Kobayashi T, Kamiyama K, et al. Effects of
thermochemical pretreatment on the anaerobic digestion of waste
activated sludge[ J]. Water Science and Technology, 1997, 35
(8):209-215.

Yang Q, Yi J, Luo K, et al. Improving disintegration and
acidification of waste activated sludge by combined alkaline and
microwave pretreatment [ J ]. Process Safety and Environmental
Protection, 2013, 91(6) : 521-526.

Yan Y Y, Feng L Y, Zhang C J, et al. Ultrasonic enhancement
of waste activated sludge hydrolysis and volatile fatty acids
accumulation at pH 10.0[J]. Water Research, 2010, 44(11) .
3329-3336.

Kim M, Ahn Y H, Speece R E. Comparative process stability
and efficiency of anaerobic digestion; mesophilic vs. thermophilic
[J]. Water Research, 2002, 36(17) ;. 4369-4385.
Moser-Engeler R, Udert K M, Wild D, et al. Products from
primary sludge fermentation and their suitability for nutrient
removal[ J ]. Water Science and Technology, 1998, 38 (1)
265-273.

PRI, WOKER, EMEE. AL IR A AR T T KA
SBR[ )]. ZAa SRR, 2005, 5(6) : 11-15.
Miron Y, Zeeman G, Van Lier J] B, et al. The role of sludge
retention time in the hydrolysis and acidification of lipids,

carbohydrates and proteins during digestion of primary sludge in

CSTR systems[ J]. Water Research, 2000, 34(5) ; 1705-1713.



6 3]

BB ¢ HE T i S A S - AL B A 75 P K i e PR R

2231

[42]

[43]

[44]

[45]

[46]

Pang L N, Ni J R, Tang X Y. Fast characterization of soluble
organic intermediates and integrity of microbial cells in the
process of alkaline anaerobic fermentation of waste activated
sludge [ J]. Biochemical Engineering Journal, 2014, 86. 49-
56.

FINHLL. 2T =450 -7 R 7 SR B B R A
@A LY (CDOM) R AHERTSE[ D). ¥ 5 . W EiE
HR, 2012.

Chen W, Westerhoff P, Leenheer J] A, et al. Fluorescence
excitation - Emission matrix regional integration to quantify
spectra for dissolved organic matter[ J]. Environmental Science
& Technology, 2003, 37(24) : 5701-5710.

Shao . M, Wang G Z, Xu H C, et al. Effects of ultrasonic
pretreatment on sludge dewaterability and extracellular polymeric
substances distribution in mesophilic anaerobic digestion [ J ].
Journal of Environmental Sciences, 2010, 22(3) . 474-480.
P, XA, B R PLB =4 5O0E IR E
BEgE ()], St 2% 5 063 20 H7, 2005, 25 (12) . 2024-
2028.

[47]

[48]

[50]

[51]

il at it , XA S, MREIEE, 5. BCILE K IR DR U Ak ok
HSMP IRFIERESE[ ] R EEREERLSE, 2010, 30(3) : 315-
321.

Li X W, Dai X H, Takahashi J, et al. New insight into chemical
changes of dissolved organic matter during anaerobic digestion of
dewatered sewage sludge using EEM-PARAFAC and two-
dimensional FTIR correlation spectroscopy [ J ]. Bioresource
Technology, 2014, 159 412-420.

Jarusutthirak C, Amy G. Understanding soluble microbial
products ( SMP) as a component of effluent organic matter
(EfOM)[J]. Water Research, 2007, 41(12) . 2787-2793.
Shon H K, Vigneswaran S, Aim R B, et al. Influence of
flocculation and adsorption as pretreatment on the fouling of
ultrafiltration and nanofiltration membranes; Application with
biologically treated sewage effluent[ J]. Environmental Science &
Technology, 2005, 39(10) . 3864-3871.

Guo J, Peng Y Z, Guo J H, et al. Dissolved organic matter in
biologically treated sewage effluent ( BTSE) ; Characteristics and

comparison[ J]. Desalination, 2011, 278(1-3) ; 365-372.



HUANJING KEXUE Vol.36  No.6

Environmental Science ( monthly) Jun. 15, 2015

CONTENTS

Hygroscopic Propetties of Aerosol Particles in North Suburb of Nanjing in Spring «+«seseereereeresrenenennininiiiin XU Bin, ZHANG Ze-feng, LI Yan-wei, et al. (1911)
Effects of Relative Humidity and Aerosol Physicochemical Properties on Atmospheric Visibility in Northern Suburb of Nanjing — «+eseesrereeresesnenens YU Xing-na, MA Jia, ZHU Bin, et al. (1919)
Pollution Characteristics and Light Extinction Effects of Water-soluble lons in PM,, 5 During Winter Hazy Days at North Suburban Nanjing  +-+ ZHOU Yao-yao, MA Yan, ZHENG Jun, et al. (1926)
Characteristics of Winter Atmospheric Mixing Layer Height in Beijing-Tianjin-Hebei Region and Their Relationship with the Atmospheric Pollution = ««+ssseeseeseseserenenmeniniisiinenenn

..................................................................................................................................................................... LI Meng, TANG Gui-gian, HUANG Jun, et al. (1935)
Process-based Emission Characteristics of Volatile Organic Compounds( VOCs) from Paint Industry in the Yangize River Delta, China ««+seeoereeeeres MO Zi-wei, NIU He, LU Si-hua, et al. (1944)
Concentrations and Speciation of Dissolved Heavy Metal in Rainwater in Guiyang, China «-«e-«sessereerserssemeneneenenenesesi e ZHU Zhao-zhou, LI Jun, WANG Zhi-ru (1952)
Situation and Characteristics of Air Pollutants Emission from Crematories in Beijing, China XUE Yi-feng, YAN Jing, TIAN He-zhong, et al. (1959)
Emission Characteristics of Water-Soluble lons in Fumes of Coal Fired Boilers in Beijing HU Yue-qi,MA Zhao-hui, FENG Ya-jun,et al. (1966 )
Analysis on Mechanism of Rainout Carried by Wet Stack of Thermal Power Plant ««+x«-xereeessesrerersseneneneinininniniecens OUYANG Li-hua,ZHUANG Ye,LIU Ke-wei et al. (1975)
Removal Characteristics of Elemental Mercury by Mn-Ce/molecular Sieve ««+essesrersereeresenienenniinininininiien TAN Zeng-qiang, NIU Guo-ping, CHEN Xiao-wen, et al. (1983)
Indoor Exposure to Particle-Bound BFRs via Inhalation = «+«ssesserserseresensensenenenenenininiein s LI Xiu-wen,ZENG Hui, NI Hong-gang ( 1989 )
Organic Carbon and Elemental Carbon in Forest Biomass Burning Smoke HUANG Ke, LIU Gang, ZHOU Li-min, et al. (1998)
Atmospheric Particle Retaining Function of Common Deciduous Tree Species Leaves in Beijing -+ WANG Bing, WANG Xiao-yan, NIU Xiang, et al. (2005)
Photonic Efficiency of Ethyl Acetate Photolysis in Gas Phase; Dependence on Wavelength and Catalyst «++-+++-- FANG Xue-hui, ZHAO Jie, SHU Li, et al. (2010)
Phytoplankton Light Absorption Properties During the Blooms in Adjacent Waters of the Changjiang Estuary -+ LIU Yang-yang, SHEN Fang, LI Xiu-zhen (2019 )
Pollution Characteristics of Perfluorinated Compounds in Offshore Marine Area of Shenzhen »+ LIU Bao-lin, ZHANG Hong, XIE Liu-wei, et al. (2028)
Composition and Environmental Effects of LFOM and HFOM in “Incense-Ash” Sediments of West Lake, Hangzhou, China »w+s+eseeseeeees LI Jing, ZHU Guang-wei, ZHU Meng-yuan, et al. (2038)
Speciation and Risk Assessment of Heavy Metals in Surface Sediments from the Heavily Polluted Area of Xiaoging River HUANG Ying, LI Yong-xia, GAO Fu-we, et al. (2046)
Response of Algae to Nitrogen and Phosphorus Concentration and Quantity of Pumping Water in Pumped Storage Reservoir * WAN You-peng, YIN Kui-hao, PENG Sheng-hua ( 2054 )

Temporal and Spatial Variation of Nutrients and Chlorophyll a, and Their Relationship in Pengxi River Backwater Area, Three Gorges Reservoir +veeeeeeereeresssessssnninininsinsninnenns
ZHANG Lei, WEI Jian-jun, FU Li, et al.
BAO Xian-ming, GU Dong-xiang, WU Ting-ting, et al.

)
Environmental Effects of Algae Bloom Cluster; Impact on the Floating Plant Water Hyacinth Photosynthesis ««++++++++- )
In Situ High-Resolution Analysis of Labile Phosphorus in Sediments of Lake Chaoliu — +eveeeeeesrersssssesensinniiiiisniie LI Chao, WANG Dan, YANG Jin-yan, et al. )
XIAO Shi-zhen, LAN Jia-cheng, YUAN Dao-xian, et al. )
LI Guang, ZHANG Xin-ping, ZHANG Li-feng, et al. (2094)

)
)
)

Hydrochemistry and Dissolved Inorganic Carbon Stable Isotope of Shibing Dolomite Karst Area in Guizhou Province

Stable Isotope Characteristics in Different Water Bodies in Changsha and Implications for the Water Cycle
Characteristics of Hydrogen and Oxygen Isotopes of Soil Water in the Water Source Area of Yuanyang Terrace »«+:+ereeeeeereeeesseeees ZHANG Xiao-juan, SONG Wei-feng, WU Jin-kui, et al.

Performance of Grass Swales for Controlling Pollution of Roadway Runoff in Field Experiments ««+«+esseseereesees HUANG Jun-jie, SHEN Qing-ran, LI Tian
Performance Study of Bromochloracetonitrile Degradation in Drinking Water by Fe/Cu Catalytic Reduction DING Chun-sheng, MA Hai-long, FU Yang-ping, et al.
Catalytic Degradation of Diclofenac Sodium over the Catalyst of 3D Flower-like a-FeOOH Synergized with H,0, Under Visible Light Irradiation —+++esveseresreessesnesnsscnneiniscinenee
* XU Jun-ge, LI Yun-gin, HUANG Hua-shan, et al. (2122
FENG Xin-xin, DU Er-deng, GUO Ying-qing, et al. (2129
LIU Qing, YU Ze-bin,ZHANG Rui-han et al. (2138
-+ WU Peng, WU Jun, GAO Shi-xiang, et al. (2147
SUN Zheng-nan, YANG Qi, JI Dong-li,et al. (2154
FAN Wen-jing, CHENG Yue, YU Shu-zhen, et al. (2161
- QI Wen-zhi, WANG Fan, WANG Hui, et al. (2168
XIAO Shao-dan, LIU Lu, JIANG Li-ying, et al. (
Adsorption Characteristics of Nitrate and Phosphate from Aqueous Solution on Zirconium-Hexadecyltrimethylammonium Chloride Modified Activated Carbon «+«+sessessesseseserenenencncnenes
+++ ZHENG Wen-jing, LIN Jian-wei, ZHAN Yan-hui, et al. (2185)
Removal Congo Red from Aqueous Solution Using Poly( AM-co-DVB) »+++ ZHANG Luan-luan, LIAO Yun-wen, GAO He-jun, et al. (2195)
Energy Consumption Comparison and Energy Saving Approaches for Different Wastewater Treatment Processes in a Large-scale Reclaimed Water Plant ««+«++eeseeereerenenesicnienenninicnenn
.................................................................................................................................................................. YANG Min, LI Ya-ming, WEI Yuan-song, et al. (2203)
Transformation Regularity of Nitrogen in Aqueous Product Derived from Hydrothermal Liquefaction of Sewage Sludge in Suberitical Water «+-+++++ SUN Yan-qing, SUN Zhen, ZHANG Jing-lai ( 2210)
Start-up Performance of ANAMMOX Enrichment with Different Inoculated Sludge in Anaerobic Baffled Reactor = «+«e-eeseeseseeseereeeeees ZHANG Hai-qin, WANG Fan-fan, LI Yue-han, et al. (2216)
(2222)
(2232)

—_~ e~ —~
=)
—
(=)
=

Degradation of Organic Sunscreens 2-hydroxy-4-methoxybenzophenone by UV/H,0, Process: Kinetics and Factors
Photocatalytic Degradation of Perfluorooctanoic Acid by Pd-Ti0, Photocatalyst
Efficient Photolysis of Acid Orange 7 Using Low-frequency Electrodeless Lamp

Degradation of 3 ,4-Dichlorobenzotrifluoride by Fe;0,/Ce0,-H,0, Heterogeneous Fenton-Like Systems -+
Preparation of Coated CMC-Fe® Using Rheological Phase Reaction Method and Research on Degradation of TCE in Water
Degradation Mechanism of 4-Chlorophenol on a Pd-Fe/graphene Multifunctional Catalytic Cathode

Removal Kinetics and Mechanism of Aniline by Manganese-oxide-modified Diatomite

Influencing Factors for Hydrolysis of Sewage Sludge Pretreated by Microwave-H,0,-OH Progess ««+eeeeeeeereereeensssnsnnnsnniiineens JIA Rui-lai, WEI Yuan-song, LIU Ji-bao (2222
Enrichment and Characterization of A Denitrifying Bacteria Consortium from Lihe River's Sediment —«+«+stseessereeserensenmssnsnsnsinsnsnnneene YONG Jia-jun, CHENG Xiao-ying (2232
Investigation for Filamentous Bacteria Community Diversity in Activated Sludge Under Various Kinds and Concentration Conditions of Antibiotics «+eeseeseeseesessserenenemienineininienene
............................................................................................................................................................ WANG Run-fang, WANG Qin, ZHANG Hong, et al. (2239)
Isolation and Identification of Petroleum Degradation Bacteria and Interspecific Interactions Among Four Bacillus Strains «+++++++++++++++ WANG Jia-nan, SHI Yan-yun, ZHENG Li-yan, et al. (2245)
Effects of Dissimilatory Reduction of Goethite on Mercury Methylation by Shewanella oneidensis MR-1 + SI You-bin,SUN Lin, WANG Hui (2252)
Effect of Root Iron Plaque on Norfloxacin Uptake by Rice «reersesessersersenenenenensininesinin e MA Wei, BAO Yan-yu (2259)
)
)
)

LU Xing-li, LIAO Yun-cheng ( 2266
+ LI Xiao-yan, ZHANG Shu-ting ( 2274
LI Bin, WU Shan, LIANG Jin-ming, et al. (2283
Variations and Influencing Factors of Oral Bioaccessibility of Polybrominated Diphenyl Ethers in Soils Using an In-vitro Gastrointestinal Model «+«tsesseseereeressesienenennienininniinenenen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Yun-hui, LIU Wei-jian, CHENG Fang-fang, et al. (2292)
Impacts of Biochar Input on Mineralization of Native Soil Organic Carhon —«+seeesrerrersesesemienennimininii e CHEN Wei, HU Xue-yu,LU Hai-nan (2300 )
Effects of Remedies on the Remediation of Typical Pb and Zn-contaminated soil in Huanjiang , Guangxi ZENG Wei-quan, SONG Bo, YUAN Li-zhu, et al. (2306)
)
)

Effects of Tillage on Soil Respiration and Root Respiration Under Rain-Fed Summer Corn Field

Seasonal Provincial Characteristics of Vertical Distribution of Dust Loadings and Heavy Metals near Surface in City

Characteristics of Phthalic Acid Esters in Agricultural Soils and Products in Areas of Zhongshan City, South China

Mechanism Study of the Smectite-OR-SH Compound for Reducing Cadmium Uptake by Plants in Contaminated Soils ZENG Yan-jun, ZHOU Zhi-jun,ZHAO Qiu-xiang ( 2314
Land Use Pattern Change and Regional Sustainability Evaluation of Wetland in Jiaogang Lake —«+eereeeevrerereeresisninensinienienennenne YANG Yang, CAI Yi-min, BAI Yan-ying, et al. (2320




F &K
BlE%Hm. &

CGMEFRZFE)FE 6 RmEE

EREpr
S OMGEI B I

% F. (RUEKREIHET)

Ji

YL EARIE EULE
KE O XEER X B
AT Bt %2 A
OO S

w w #E

(HUANJING KEXUE)

T W Nl
Wi
B i B
WV B

=
A

AN
=

HE @ %
JEI Sl A
KFE WOE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(HTI 1976 4 8 HAIH)
201546 H15H %36% FoeW Vol.36 No.6 Jun. 15, 2015
+ & P EPER Superintended by Chinese Academy of Sciences
* B P EBERE A S ETEE 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i g (LABINSeE ) Academy of Sciences
U BT 3 85 5 B B 2 WF 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% FROME 22 B Protection
* % ORI [ i School of Environment, Tsinghua University
% B O(IRBE R ) A E R A Editor-in -Chief OUYANG Zi-yuan
£ 1=
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JLHCTT 2871 {5 A (T3UE DX XU ’
KEXUE
18 5, HBIBL T : 100085 ) ) _
LT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 .010—62849343 ’ Tel ;:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx@ 'rcees. ac. cn
http:/www. hikx. ac. en http : //www. hjkx. ac. ecn
i BR 44 3 " & i Published by Science Press
bR AR AL 1 6= 16 Donghuangchenggen North Street,
ZIN N B
MR B S . 100717 Beijing 100717, China
BRI 2 3T  dtatdbakepiin— Printed by Beijing Bei Lin Printing House
* 1T 4 4 & K ik Distributed by Science Press
135 .010-64017032 Tel:010-64017032
E-mail : journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ELHIHEE Domestic All Local Post Offices in China
EsE&RIT TEREFRERES BN Foreign China International Book Trading Corporation (Guoji
(db5E 399 f54) Shudian) ,P. O. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
EAS. 2 2. 2-821
RERRATIS, Do o030 EAE RS,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET





