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Sewage Sludge Conditioning by Bioleaching Combined with Fenton-like

Oxidation
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Abstract: Bioleaching combined with Fenton-like oxidation was used to condition sewage sludge. The results showed that it took ~1 d
to decrease pH from 6.9 to 2.5 by bioleaching, with fixed sulfur power and FeSO, - 7H,0 dosages of 3 g-L~" and 8 g-L7',
respectively. After bioleaching, the volatile solids( VS) reduction was 13.4% , and the specific resistance to filiration( SRF) dropped
from 3.1 x10°s*+g™" to 1.5 x10°s*+g ™" with a reduction of 51. 6% , but the bioleached sludge was still difficult to be dewatered. The
bioleached sludge was further oxidized by Fenton-like oxidation. The results indicated that the optimal H,O, dosage and reaction time
were 3.3 g-L.™" and 60 min, respectively. Under the optimal conditions, VS reduction was 30.8% , SRF was declined to 1.9 x 10°
s*+g~" with a reduction of 93.9% , and the moisture of sludge cake was 76.9% . After treated by bioleaching combined with Fenton-
like oxidation, the dewaterability and stability of sewage sludge were significantly improved. Besides, the combined technology was
more efficient in conditioning sewage sludge than single Fenton-like oxidation.

Key words :sewage sludge; bioleaching; Fenton-like oxidation; dewaterability; stability
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Table 1  Basic properties of the sewage sludge sample
AR GRILE kel 1S Vs
P /% /s? g ! /% /mg-L~" /mg-L~!
6.9 984 3.1x10° 93.1 15816 11978
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Table 2 Basic properties of the hioleached sludge sample

- HTRLLE  uEpEE KR TS VS
P /% g ! /% /mg-L~! /mg-L~!
2.6 1.5x10° 86.6 14 628 10373
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TSIREA YR A B, AT & T XE R K 5 .
P, SR AR # 5 2% Fenton 484k 44 22 B 5
Je. Lu ZE N5 R, 2K Fenton AL 8 B 5 U6 (Y
TG pH N 2.5 ~4.5. ISR &L YR Ak B
J& 1578 pH Al %2 Fenton 4L A3 B pH .
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Fig. 1 Changes of pH and ORP during bioleaching
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Fig. 2 Effects of H,0, dosage on the dewaterability and
VS reduction of the bioleached sludge
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1.9 x 10°s* g ™" 1 76. 9% , 75 I8 L B P& 1% 93.9%
VS /DR A 30. 8% , Wiik 15 T fa e 15 3 g 25 4
i PRI 38 B Y SR B B) A 60 min. ST E5 SRR
W, 25 Fenton [V 5 B 2 W8 1) S 7 B[] R FH 7= A= 1)
Kt - OHFEfA ML), ISR TS Ve 254 , Bk 1 45
B KA AL R TRTER K T Bl 5 U8 B A 1 BE AN
2.3 2% Fenton FE AL MIH ISR

% Fenton Ak B 8 B S V5 U8 PE BN 5 3 B
7. ARFRJE 5 IR RRUE T BE RN I K M R A 21 A K 4
L VS WA RN 13.9% 15 R B o 1.1 x 10°
s7eg 7 R 64. 5% RIS IRAIE MERL KIS R, R
3 ALK, FEAR R B R, & A Wi R A A 2K
Fenton 4 fLAMFR)S | 15 U6 W /K P BE AAR S Pk B 1Y 2
FRTIGVZLE Fenton FH AL R B, HAi5 etk
B/ 4.8 %, VS Jl/b R i\ 1.2 5. L, A=Y
RG2S Fenton %16 B RE AT R0 Hh 0035 V5 e ot 7K 1 i
FFETERE. XV REE TS R &AW = Ak 21
J& , —uB o MM R G YA A Y A0 M e A i A
TLEFIAFLAREIR ) S Fenton A LR AL T 035
BB A

%3 AEYFBE4 % Fenton SLFK Fenton
SRR ROEARMR
Table 3 Basic properties of the sludge sample treated respectively

by Fenton-like oxidation and bioleaching

combined with Fenton-like oxidation

. G JEPFE KR VSR
T /sz-g_] /% /%
2 Fenton %L 1.1x10° 84.2 13.9
YV + 28 Fenton 4 1.9 x108 76.9 30. 8

1) 2§ Fenton AL 1R 445 A= W) IR FBA 28 Fenton A LMY 1L
PHBEA AR (JELE =28°C ,pH =2.5 +0. 1, Fe* * i =1.6 g- L',
H,0, 4t =3.3 g-L~" | )M AFE =60 min)

3 g

(1)Lh3 g- L' JHER A8 gL' FeSO, - 7H,0
YERAEYIR I RE IR TR J5 08 pH FEE 2.5 2
L d. fEYnRAN S  T5 08 VS RS 13.4% ,
TSR PR 1.5 x10°s? g~ F&I% 51. 6% ,(HI5 8
AT T ME W AR5 6.

(2) ZEYWIZHES 2 Fenton EALTHERL)S , 15
W JE ok i5 e, His ek e thaefs 2] W 2 42 5.
LW A H,0, $85 F B ] 43 510 28 3.3
g+ L7160 min, KB 1538 H B AT IE 5 KR 433
K 1.9 x 10° *-g™" Fl 76.9% , 15 I8 L BH [ 1%
93.9% , VS I/ %H 30. 8% .

(3) £ Fenton AL HUSH IR IS, 15 8 & i i
KIGUE. M LAY PRAGEZE Fenton AL, J5# H
REA R B0 15 PRI K PR RE RS 1R BE.

SE

[ 1] LiuH, Yang J K, Zhu N R, et al. A comprehensive insight into
the combined effects of Fenton’s reagent and skeleton builders on
sludge deep dewatering performance [ J]. Journal of Hazardous
Materials, 2013, 258-259 . 144-150.

(2] XK, BRIE, WK, . AE RS T 75 9Bk g
PR AR BT SR MRS [(J]. BREERL2E, 2011, 32 (11):
3394-3399.

[3] 43, KM%, ERF, S AR X5 U I K Mg
RIRZIDEFE[ J]. FRERNA2EH], 2012, 32(9) : 2126-2133.

[4] M, XM, BN, 5. Fenton X515 CPAM B4 8 2
XT{G IR SR BSE MBS [ ], BB, 2013, 34(9)
3538-3543.

[ 5] Benmoussa H, Tyagi R D, Campbell P G C. Simultaneous
sewage sludge digestion and metal leaching using an internal loop
reactor [ J]. Water Research, 1997, 31(10) ; 2638-2654.

(6] XU&m, ke, R, . ALY b BE R w3 i is ve i
AKPERERY IS . s R [)]. BRERL, 2011, 32
(10) : 2993-2998.

(7] kAR, XV, JSOAe. 908 3500 W BEXT A M I 7k
PE T 5 P K PERE B ma [ ], R4, 2012, 33
(8):2786-2792.

[ 8] R, JESCAE, FEruk. AWy iiE i iR Ak aon X 3 i s g
BEKPERERFZIR [ T]. FREERIAE, 2012, 33(3) : 916-921.

[9] Zhang PY, Zhang G M, Zeng G M, et al. Influence of Fe( II)
addition on heavy metal bioleaching from sewage sludge with
mixed inocula [ J]. International Journal of Biotechnology,
2008, 10(1) : 16-25.

[10] R, REER, RVE, 55 EYPHRERGRES R
B KERERFSE [ 1], TP EREERE, 2013, 33(3) . 474-
479.

(1] SEELR, BRI, skAWE. 7508 A4 10 0 08 Hh i 40 e 22 fL A
SNERYER 1], P EEREER, 2011, 31(5) .
795-802.

[12] LuM C, Lin C J, Liao C H, et al. Dewatering of activated
sludge by Fenton’s reagent [ J]. Advances in Environmental
Research, 2003, 7(3) : 667-670.

[13] LuM C, Lin C J, Liao C H, et al. Influence of pH on the
dewaltering of activated sludge by Fenton’s reagent [ J]. Water
Science and Technology, 2001, 44(10) . 327-332.

[14] Buyukkamaci N. Biological sludge conditioning by Fenton’s
reagent [ J]. Process Biochemistry, 2004, 39(11) : 1503-1506.

[15] Neyens E, Baeyens J. A review of classic Fenton’s peroxidation
as an advanced oxidation technique [ J]. Journal of Hazardous
Materials, 2003, 98(1-3) : 33-50.

[16] Liu H, Yang J K, Shi Y F, et al. Conditioning of sewage sludge
by Fenton’s reagent combined with skeleton builders [ J].
Chemosphere, 2012, 88(2) ; 235-239.

(171 BB, kA, BOuM, . ALY IE-PAC 5 PAM B4



1

XN E RS AW WHR A2 Fenton AL B 5 15 e 337

[21]

[22]

[23]

PRSP [T ]. BB AR, 2010, 31 (9): 2124-
2128.

Blais J F, Tyagi R D, Auclair J C. Bioleaching of metals from
sewage sludge: Microorganisms and growth kinetics [ J]. Water
Research, 1993, 27(1) . 101-110.

Bosecker K. Bioleaching: Metal solubilization by microorganisms
[J]. FEMS Microbiology Reviews, 1997, 20(3-4) : 591-604.

Neyens E, Baeyens J, Dewil R, et al. Advanced sludge
treatment affects extracellular polymeric substances to improve
activated sludge dewatering [ J]. Journal of Hazardous Materials,
2004, 106(2-3) . 83-92.

Oikonomidis I, Burrows L J, Carliell-Marquet C M. Mode of
action of ferric and ferrous iron salts in activated sludge [ J].
Journal of Chemical Technology and Biotechnology, 2010, 85
(8):1067-1076.

E RIS B R R AR E. 15 oK b B8 17
[M]. dbxg. dustii Mt 2006. 309-321.

B M. BT AR IR RS e E AR B RE[D]. b
JEEall R, 2011, 39-47.

[24]

[25]

[26]

[28]

Pathak A, Dastidar M G, Sreekrishnan T R. Bioleaching of
heavy metals from sewage sludge: A review [ J]. Journal of
Environmental Management, 2009, 90(8) . 2343-2353.
Frglund B, Palmgren R, Keiding K, et al. Extraction of
extracellular polymers from activated sludge using a cation
exchange resin [ J]. Water Research, 1996, 30 (8). 1749-
1758.

Houghton J I, Quarmby J, Stephenson T. Municipal wastewater
sludge dewaterability and the presence of microbial extracellular
polymer [ J]. Water Science and Technology, 2001, 44(2-3) .
373-379.

Lin S, Gurol M. Catalytic decomposition of hydrogen peroxide on
(1]
Environmental Science & Technology, 1998, 32 (10). 1417-
1423.

iron oxide; Kinetics, mechanism and implications

Torrades F, Pérez M, Mansilla H D, et al. Experimental design
of Fenton and photo-Fenton reactions for the treatment of cellulose
bleaching effluents [ J]. Chemosphere, 2003, 53(10) . 1211-

1220.



HUANJING KEXUE Vol.36  No. 1

Environmental Science ( monthly) Jan. 15, 2015

CONTENTS

0zone Source Apportionment at Urban Area during a Typical Photochemical Pollution Episode in the Summer of 2013 in the Yanglze River Delta -+ LI Hao, LI Li, HUANG Cheng, etal. ( 1 )
Pollution Characteristics and Ozone Formation Potential of Ambient VOCs in Winter and Spring in Xiamen — «+eseseereessesesesenenssienicnenns XU Hui, ZHANG Han, XING Zhen-yu, et al. ( 11 )
Temporal and Spatial Characteristics of Atmospheric NO, over Hainan Island and the Pollutant Sources in Recent 10 Years «+++:+e+eee FU Chuan-ho, CHEN You-long,DAN Li,et al. ( 18 )

+ HONG Lei, LIU Gang, YANG Meng, et al. ( 25 )

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" LUAN Tian, FANG Shuang-xi, ZHOU Ling-xi, et al. ( 34 )
Partial Pressure of CO, and CO, Degassing Fluxes of Huayuankou and Xiaolangdi Station Affected by Xiaolangdi Reservoir «+eseeeereeeeses ZHANG Yong-ling, YANG Xiao-lin, ZHANG Dong ( 40 )
Distribution of Biogenic Organic Dimethylated Sulfur Compounds and Tis Influencing Factors in the East China Sea in Summer «+«+++++++ LI Jiang-ping, ZHANG Hong-hai, YANG Gui-peng ( 49 )
Remote Sensing Estimation of Total Suspended Matter Concentration in Xin'anjiang Reservoir Using Landsat 8 Data «+xeseeseereeesesereens ZHANG Yi-bo, ZHANG Yun-lin, ZHA Yong, et al. ( 56 )
Spatio-temporal Characteristics and Source Identification of Water Pollutants in Wenruitang River Watershed +-«+sesserreeeesenenensenennens MA Xiao-xue, WANG La-chun, LIAQ Ling-ling ( 64 )
Effect of Hydrochemistry Characteristics Under Impact of Human Activity; A Case Study in the upper Reaches of the Xijiang River Basin «+++++ YU Shi, SUN Ping-an, DU Wen-yue, et al. ( 72 )
Annual Variation of Different Phosphorus Forms and Response of Algae Growth in Meiliang Bay of Taihu Lake — +etoveeeeeseerensenicnnnennee WANG Ming, WU Xiao-fei, LI Da-peng, et al. ( 80 )
Distribution of Transferable Nitrogen in Poyang Lake Sediments and Iis Response to the Variation of River-Lake Relationship ++++++ SHEN Hong-yan,ZHANG Mian-mian, NI Zhao-kui, et al. ( 87 )
Effect of Environmental Factors on Macroinvertebrate Community Structure in the Huntai River Basin in the Huntai River Basin ««-«eeseereereenesencneen LI Yan-li, LI Yan-fen, XU Zong-xue ( 94 )
Effects of Outbreak and Extinction of Algal Blooms on the Microbial Community Structure in Sediments of Chaohu Lake = +++x+eseseeereseerereeees DIAO Xiao-jun, LI Yi-wei, WANG Shu-guang ( 107 )
Impacts of Algal Blooms Accumulation on Physiological Ecology of Water Hyacinth +-«-xesseeereesesrerssnseeneneneninininisinenennnen WU Ting-ting, LIU Guo-feng, HAN Shi-qun, et al. ( 114 )
Speciation and Spatial-temporal Variation of Mercury in the Xiaolangdi Reservoir —«+veseeeesseevesssssmsnensiiiniiin CHENG Liu,MAO Yu-xiang, MA Bing-juan,e al. ( 121 )
Spatial Distribution of Mercury in Soils of a Typical Small Agricultural Watershed in the Three Gorges Reservoir Region ««+s«+sessessessesessenees WANG Ya, ZHAO Zheng, MU Zhi-jian, et al. ( 130 )
Temporal and Spatial Variation of Mercury in Water of Agro-forestry and Livestock Compound Watershed in the Three Gorges Reservoir Area — +oveeseeesessssssissisnensininenninnenns

Ultraviolet-Visible( UV-Vis) and Fluorescence Spectral Characteristics of Dissolved Organic Matter( DOM) in Soils of Water-Level Fluctuation Zones of the Three Gorges Reservoir Region
.............................................................................................................................................................................. GAO Jie, JIANG Tao, LI Lu-lu, et al. ( 151 )

Characterization of Chromophoric Dissolved Organic Matter(CDOM) in Zhoushan Fishery Using Excitation-Emission Matrix Spectroscopy( EEMs) and Parallel Factor Analysis(PARAFAC)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHOU Qian-gian, SU Rong-guo, BAI Ying, et al. ( 163 )

Pollution Characteristics and Distribution of Polycyclic Aromatic Hydrocarbons and Organochlorine Pesticides in Groundwater at Xiaodian Sewage Irigation Area, Taiyuan City -weeseeoveeeeee

11 Jia-le, ZHANG Cai-xiang, WANG Yan-xin, et al. ( 172 )

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHENG Qi-ming, HUANG Qing, LIAO Zhen-ni, et al. ( 179 )
Comparative Analysis of Two Different Methods for Risk Assessment of Groundwater Pollution; A Case Study in Beijing Plain »«++«+++eeee: WANG Hong-na, HE Jiang-tao, MA Wen-jie, et al. ( 186 )
Transportation and Risk Assessment of Heavy Metal Pollution in Water-Soil from the Riparian Zone of Daye Lake, China -+ ZHANG Jia-quan, LI Xiu, ZHANG Quan-fa, et al. ( 194 )
Arsenic Removal by Coagulation Process and the Field Expanding Experiments for Yangzonghai Lake +++ CHEN Jing, ZHANG Shu, YANG Xiang-jun, et al. ( 202 )
Efficient Oxidative Degradation of Tetrabromobisphenol A by Silver Bismuth Oxide ~«+e«seereeseererrererenemienienenninenesineees CHEN Man-tang, SONG Zhou, WANG Nan, et al. ( 209 )
Removal of Tetracycline by a Kind of Nano-Sized Amorphous Carbon ++++xeseeeseesseressimmieneniinni s WU Yi-xiao, LI Ai-min, WANG Di-hua, et al. ( 215 )
Adsorption Behavior of Anionic Dyes onto Magnetic Chitosan Derivatives ZHANG Cong-lu,HU Xiao-min, ZHAO Yan,et al. ( 221 )
Forming Mechanism of Humic Acid-Kaolin Complexes and the Adsorption of Trichloroethylene ZHU Xiao-jing, HE Jiang-tao, SU Si-hui ( 227 )
Impact on the Microbial Community of Municipal Sewage in the ANAMMOX System During the Cooling Process «««+ssesessesrersessnesnennensenennes ZHAQ Zhi-rui, MIAO Zhi-jia, LI Duo, et al. ( 237 )
Application of FISH-NanoSIMS Technique in Environmental Microbial Ecology Study CHEN Chen, BAI Yao-hui, LIANG Jin-song, et al. ( 244 )
Influence of Microcystin-LR on Cell Viability and Surface Characteristics of Pseudomonas putida -+ DENG Ting-jin, YE Jin-shao, PENG Hui, et al. ( 252 )
Screening, Combination of Microbial Deodorizer and the Optimization of Its Deodorizing Conditions -+ ZENG Su, LI Nan-hua, SHENG Hong-chan, et al. ( 259 )
Distribution and Enrichment Characteristics of Organochlorine Pesticides in Water and Halobios from Qingbang Island in Zhoushan,China +««+«esseseererererenemenenennnncneniininenens

................................................................................................................................................. <+ ZHANG Ze-zhou, XING Xin-li, GU Yan-sheng, et al. ( 266 )
Levels of Polychlorinated Biphenyls in Tibetan and Yi Adolescents” Hair from Liangshan Prefecture, Sichuan Provinge «:«+:+ssesseseesereessennseneens ZHOU Ying, SUN Yi-ming, JIN Jun, et al. ( 274 )
Effects of Single and Co-Exposure of Cu and Chlorpyrifos on the Toxicity of Earthworm «+:eseeereeresemeneniimnnn XU Dong-mei, WANG Yan-hua, WANG Nan, et al. ( 280 )
Effect of Exogenous Selenium on Accumulation and Chemical Forms of Cadmium in Cucumber( Cucumis satiuus L. ) XIONG Shi-juan, LIU Jun, XU Wei-hong, et al. ( 286 )
Pollution Characteristics of Platinum Group Elements in Road Rust in Xiamen ++sesesresseresremenssnineniiinnn - HONG Zhen-yu, HONG You-wei, YIN Li-gian, et al. ( 295 )
Spatial Distribution of Se in Soils from Different Land Use Types and Its Influencing Factors Within the Yanghe Watershed, China -+ SHANG Jing-min, LUO Wei, WU Guang-hong, et al. ( 301 )
Immobilization Impact of Different Fixatives on Heavy Metals Contaminated Soil »«+«eseseessereesesemienensinineniiiininnienn WU Lie-shan, ZENG Dong-mei, MO Xiao-rong, et al. ( 309 )
Form Tendency and Bio-availability Dynamics of Cu and Zn in Different Farm Soils After Application of Organic Fertilizer of Livestock and Poultry Manures — «+«essereereererenenseenenennnnens

.................................................................................................................................................................. SHANG He-ping, LI Yang, ZHANG Tao, e al. ( 314 )
Analysis of Composition Characteristics of Municipal Solid Waste in South China ««++«+«+ssseseessersesmsessnennininensneene ZHANG Hai-long, LI Xiang-ping, QI Jian-ying, et al. ( 325 )
Sewage Sludge Conditioning by Bioleaching Combined with Fenton-like Oxidation =~ «++++esseseessereeesiemenensinininiininenen LIU Chang-geng, ZHANG Pan-yue, JIANG Jiao-jiao, et al. ( 333 )
Applicability of Bisphenol A Detection by a Planar Waveguide Fluorescent Biosensor —«wessssessessersesesenmsiensnsisincnennens XU Wei-qi, ZHANG Yong-ming, ZHOU Xiao-hong, et al. ( 338 )
A New “Turn-on” Fluorescent Probe for Visual Detection of Hydrogen Sulfide —+««+stseresserersssensmmenensinsimennssncn e LIU Chun-xia, MA Xing, WEI Guo-hua, e al. ( 343 )
Analysis of Sap Flow Characteristics of the Chinese Pine in Typical Loess Plateau Region of China = «++eseserreereenseenenenennnincnenns ZHANG Han-dan, WEI Wei, CHEN Li-ding, et ol. ( 349 )
Simultaneous Production of Hydrogen and Volatile Fatty Acid from Macrocystis pyrifera +«++esseeesesesesesssnssiensn ZHAO Xiao-xian, FAN Xiao-lei, GUO Rong-bo, et al. ( 357 )
Behaviors of Engineered Nanoparticles in Aquatic Environments and Tmpacts on Marine Phytoplankton LI Man-lu, JJANG Yue-lu ( 365 )




E 4.
B E5m:
w =

CINERI=E)
MR PH H AT
A MEB NI
(P RE mHET)
FENT FARER FYL4 T4z HOHNI
AokE XER: #EmE BET @
MRPH e BseiE 2 MK BB B
oM B osE W N W G BEK

(HUANJING KEXUE)
(AT 1976 4£ 8 AAIH])

2015461 H15H 364 H1M

SRR O B
sl R
BKFE

B

B2

ENVIRONMENTAL SCIENCE

( Monthly
Vol.36 No.1

Started in 1976)
Jan. 15, 2015

+ & T EPER Superintended by Chinese Academy of Sciences
+* B PEPERE A SR Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i 7 (LAsIdeia j{j]‘%‘) Academy of Sciences
AL BT I 45 A5 B B 2R B 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
WK %R B ¥ B Proccton
* B ORK I T School of Environment, Tsinghua University
P 8 (AR REE RS Editor-in -Chief OUYANG Zi-yuan
% A=
L5l 2871 £ () /&ﬁf[ﬂﬁiﬁf Edited by The Editorial Board of Environmental Science ( HUANJING
AN Bk H
KEXUE
18 5, R 2 14 : 100085 ) ) _
ML .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
. .010-62849343 ’ Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E—1;1‘a£l~hjkx@ reees. ac. on E-mail ; hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp ://www. hjkx. ac. en
H BR 44 % " " a Published by Science Press
JbEt R I AR AL i i6 1= 16 Donghuangchenggen North Street,
SRR
MR B4R . 100717 Beijing 100717, China
ED B 33T dbatduakEpm))— Printed by Beijing Bei Lin Printing House
b2 1T 4 # & K i Distributed by Science Press
H13% :010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ESHBEHE Domestic All Local Post Offices in China
EsEET PEERERRS EAF Foreign China International Book Trading Corporation ( Guoji
(k3T 399 f54) Shudian) , P. 0. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
VETS 2. 2821
HRERET]S CN_ 1L.1895/% EHNEHEKS:
E & E fir: 120.00 T ESEITRS: M 205

ERNSRFLET



	1.pdf
	封面.pdf
	环境科学目录.pdf




