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Preparation and Evaluation of Fe-La Composite Oxide Nanoadsorbent for

As(II) Removal from Aqueous Solutions
ZHANG Wei'?, CHEN Jing', ZHANG Gao-sheng'

(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Research Center for Coastal Environment
Engineering and Technology of Shandong Province, Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai
264003, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, a Fe-La composite oxide nanoadsorbent was synthesized via a facile co-precipitation process. This adsorbent
was well characterized with various techniques and its As( lll ) adsorption performance was investigated. Scanning electron microscopy
(SEM) and transmission electron microscope (TEM) analyses indicate that the Fe-La composite oxide is formed with nanoparticles
(20-200 nm). X-ray powder diffraction (XRD) analysis shows that the Fe-La composite oxide is similar to the crystal structure of La

" and the isoelectric point is 7.8. The prepared Fe-La

(OH),. The specific surface area of Fe-La composite oxide is 99.3 m”«g~
composite oxide nanoadsorbent is effective for As( Il ) removal from water. The isotherm data is well fitted with the Langmuir model
(R*=0.95) with a maximal As( Il ) adsorption capacity of 58.2 mg-g~" at pH 7. 0. The adsorption of As( Il ) is very fast and over
80% of the equilibrium adsorption capacity is obtained within 240 min. Elovich model ( R* =0.97) is more suitable to describe
adsorption kinetic data. The As( Il ) adsorption is dependent on solution pH. The effect of coexisting anions on As( Il ) adsorption
increases in the order of SO~ < CO.™ <Si0}~ <PO;".

Key words; Fe-La composite oxide; nanoadsorbent; As( Il ) ; adsorption; water pollution
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Fig. 6 Kinetics of As( Il ) removal by Fe-La composite oxide
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B 15 i i

W B 15 i i

Elovich J7 %

k, q. " k, q. ) A K, "
/min ~! /mg-g”! k /g+(mg-min) ~' /mg-g~! K /g+(mg-min) "' /mg-g”! R
0.96 33.8 0. 80 0.03 37.0 0. 88 7.17 5.14 0.97
2.4 pH KB Ful Xt As () W BFHRE J1 A5 70
17 by pH FIVES 50 B X 480 5 STk 0 W o 60 |- A Aoy
FZBRAS () FOSEm. b, As (D) 7E4RB0 S A ol A * * N
ALY T W BT Z pH SRR B pH 41 cwl a4 T
T AsCID) (0B 25 pH O3 AT 3% K, >4 pH 2] 3 by
169, 0 BHEI , WEHA R A, 7E%575 pH &1 F RAr
(pH >9.0), AsCIIl) fINEBFHEE B pHL A3 i 6k 0 Lo o
AN REETRIE RN, 24 4 AL 5 R J o f e KO
OB B 14 L A BRI, Tl 5 ol ]

Fi , B 80 9. 2. 76 pH KT 9.0 A, WA 551
FETH U (S N 7. 8) | TIE AP R MR oA 1 e
HFE pH A3 =35 10 0 E Sk J1 3, AR
TR B, o B B AP BRI, Y B IR S 0. 001
mol - L™ H4 /1% 0. 1 mol-L ™", £k & & E AL Wy F
As(TI) Fo W B VA0 A b 2 A7 8 i B Y A8 b X
FF S 16 N AL e B ol s AR, L e it
PV B 7 (AW B, 1T S22 ML R 2 52 381 Al 5555 0% e
FIES 710 NO*~ A se 452 M ™. IR I ok b7, 4k i &2
G AL As (T ) Fé W2 B SR REAE I B, T BRI A T

pH

B7 pHAMBFRENGEESENLYWWMAs( ) B0
Fig. 7 Effects of pH and ionic strength on As( 1)

absorption by Fe-La composite oxide

WZEEY).
2.5 JAFBHE XA A A AL I As () 1Y
A

4 oK s DLBH B 7 (SO, CO3T . Sio; T,
PO, ) X8k B & A ALY W E As (T B 5 i WL &
8. MHHT LI H 4 i B B - Xk il 2 A S8 AL T



11

A BRI AL AR B Bl £ . ALK As (D) W A RENF ST 4203

B As (D) BIFEMR AN A SO;~ < CO3™ < Si0; -
<PO;~. SO;” Ml CO;~ [MAFAEXT As (T ) B I Bff 52
A/, 24 SO;~ M1 COT™ BYHEBE M O mmol - L~ 4 i
F] 10 mmol - L™, As (TN A 2B R4 5k 2 17k 24
10% fM15% . L2 T,Si05° #1 PO}~ XFAs(IM) %
BRI  FeBE e #, 24 Sio; - M1 PO, ~ Ik E
M 0 mmol - L' ¥4H134) 10 mmol-L”Bﬂ‘,As(]ﬂ)%%‘?%
A3/ T K 50% F 60% . B SRR TR R 3
HR LT TRl — FE 0 B AR AR AL B fik 5 A 7 T R A Lo
BB B R TS S WARERAR 194> T 454 | 1k
SV TR AR SO T2k A2 G A R B 55 2
ERYTEPEM B He AR PO, B Si02T SAs(I) =2
[ ] BB & AR Bk B 5w e, T A ] T As () #9102
BiF, 2 As (1) Z2BR i 2 AR
2.6 X Lot ek o

FE B As (T ) i A0 4 800 52 TR A o
17 XPS 704, 45 SR LK 9. f1IE 9 (a) W] LA 2, Wt
AsCID) (kB 52 & A AL R 3 B Bk B Y 25 G g

= (2) XPS£iif I
)
[=]

CPS

1 1
400 200 0

1 OIUD SL;U 6{;0
HitrfigieV
A, BRIE ALY ; B W As (D) MRk E 5 Sk
B9 XPS £ifREF0 As 3d HHEFHEIL

100

EZZZ 0 mmol-L”'  EEEE | mmolL!

ESS0.1 mmol-L™" (I 10 mmol-L™!

80 Ff

60

40

EBRA %

20

S04% CO; Si0; PO
B8 HEBFHHHEESSNHRMAs(I) A

Fig. 8 Effect of coexisting anions on As( Il ) adsorption

0

by Fe-La composite oxide

FRAFWEA IR T As 3d. AsLMM Hl As 3p 454 fE
FROEDE  SRUTAs () O W N AR 8RB 52 5 AL i 3=
. EAM, K 9(b)J& As 1 As 3d K. As 3d NS5 &
fiE N 44 eV. AR, As EALYHAs(ID) fY As
3d G5ERESE 44.0 ~44. 3 eV 33 F UL B 34 4
EEEAY i As BUAs(ID) RIS A2, ]
As( ) W ikt A v A e A S AR T )

1200

(b) As3d)E LT AETH

1100 -
1000 -
900
800

96 HE

700 -
600 -
500

400 |
48 47 46 45 44 43 42 41 40
Hauev

Fig. 9 XPS spectra of the Fe-La composite oxide and As 3d core level of the Fe-La composite oxide after reaction with As( Il )

2.7 As(ID) WeBRHBLAN 3B

BT LB HEN As (D) 7E8R50 52 & 44k
FU L AW AR AR . A PR R e R M ER R
HE,BME SRR R T (6)], 2
As( D) 5 A 2T K A A 24 SO, A i PR A7
[ A7) 18OBA W% [ 20 (8) T NZBL &9, i
AR =Ry NESITIR

—i—8§—O0H -i=8—OH;" -i-§—OH,*
1

s on + H —"-E—s—on OR --s—OH," (6)
OH
—i—S—0H,’ CI)H_ —E—S—O—As—OH (7
B —i—5—OH
OH

13 q 0 + ?II "

SO Ao ——> T % eon (8)
S0y L —i—5—0

3 it

(1) ABIFE I 25 1) 2R 5 52 G S8 A D R R 4
KGER WYL TR A% 20 ~ 200 nm, H EA # KK
B L (99.3 m’-g™") MR KM AL % (0. 184
em’ g 1) WL RS RS R 7. 8.

(2) ks G A AL W B 500 X6 As (I A3 888 i 7Y
W, #E pH 7.0 B f KRB ik 58.2 mgeg ™,
Langmuir J7F2 Be BT b 00 & 2Bl 52 & AL (R =
0.95) M FHFAs () A4S IRER BHE 5 Bk & S AL x
As (D) A 558 57 M B % T2 FFAFA Elovich 557,

(3) K pH X80 52 G A ALY As (D) 52
M 45 R B 7E pH = 9. 0 FfFi B AT fe KR FfF . 7K



4204

woooH

2% 35 %

rhe DTS 1 0 Rk 02 B S AR R As (TIT) 2
KNI . SO;~ <CO;™ <Si0;~ <PO; ™.
Sk

(1]

(2]

[3]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mandal B K, Suzuki K T. Arsenic round the world; a review
[J]. Talanta, 2002, 58(1) : 201-235.

Ng J C, Wang J P, Shraim A. A global health problem caused by
arsenic from natural sources[ J]. Chemosphere, 2003, 52(9) .
1353-1359.

Choong T S'Y, Chuah T G, Robiah Y, et al. Arsenic toxicity,
health hazards and removal techniques from water; an overview
[J]. Desalination, 2007, 217(1-3) : 139-166.

Jiang J. Removing arsenic from groundwater for the developing
world-a review [ J ]. Water Science & Technology, 2001, 44
(6): 89-98.

R, MAKE, AR, e CuFe, 0, W B (1)
PERELJ]. PREERLZ, 2003, 24(5) : 60-64.

Deschamps E, Ciminelli V.S T, Holl W H. Removal of As( Ill')
and As( V) from water using a natural Fe and Mn enriched
sample[ J]. Water Research, 2005, 39(20) . 5212-5220.
XL, AW, 2R, . RIRZERRA Bt SR AL R B Y
[J]. #EERl2, 2012, 33(2) : 459-468.

Driehaus W, Jekel M, Hildebrandt U. Granular ferric hydroxide-
a new adsorbent for the removal of arsenic from natural water[ J ].
Aqua, 1998, 47 30-35.

Pierce M L, Moore C B. Adsorption of arsenite and arsenate on
amorphous iron hydroxide[ J]. Water Research, 1982, 16(7) :
1247-1253.

Jang M, Min S H, Kim T H, et al. Removal of arsenite and
arsenate using hydrous ferric oxide incorporated into naturally
occurring porous diatomite [ J ]. Environmental Science &
Technology, 2006, 40(5) : 1636-1643.

Zhang F S, Tioh H. Tron oxide-loaded slag for arsenic removal from
aqueous system[ J]. Chemosphere, 2005, 60(3) ; 319-325.

Bang S, Korfiatis G P, Meng X G. Removal of arsenic from water
by zero-valent iron[ J]. Journal of Hazardous Materials, 2005,
121(1-3); 61-67.

Kober R, Welter E, Ebert M, et al. Removal of arsenic from
groundwater by zerovalent iron and the role of sulfide [ J].
Environmental Science & Technology, 2005, 39 (20 ). 8038-
8044.

Dutta P K, Ray A K, Sharma V K, et al. Adsorption of arsenate
and arsenite on titanium dioxide suspensions [ J]. Journal of
Colloid and Interface Science, 2004, 278(2) ; 270-275.

Pena M, Meng X G, Korfiatis G P, et al. Adsorption mechanism
of arsenic on nanocrystalline titanium dioxide[ J]. Environmental
Science & Technology, 2006, 40(4) ; 1257-1262.

Jang M, Park J K, Shin E W. Lanthanum functionalized highly
ordered mesoporous media; implications of arsenate removal[ J].
Microporous and Mesoporous Materials, 2004, 75 (1-2) . 159-
168.

WRBFIE. A LA e S S Al R B 7 S e 7 5 e R 9 T 1
FRMEACR[T]. BRI, 2004, 25 (HET)) « 43-47.

Wk R, TLWO, BRI, 5. 8RB0 R G0 S5 K bRk
JeHE[)]. FREET R, 2014, 8(1) : 236-241.

[21]

[22]

[23]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Tan W F, Lu S J, Liu F, et al. Determination of the point-of-
zero charge of manganese oxides with different methods including
an improved salt titration method[ J]. Soil Science, 2008, 173
(4):277-286.

Uehara G, Gillman G P. Charge characteristics of soils with
variable and permanent charge minerals: 1. Theory [ J]. Soil
Science Society of America Journal, 1980, 44(2) . 250-252.
Langmuir I. The constitution and fundamental properties of solids
and liquids. Part I. Solids [ J].
Chemical Society, 1916, 38(11) . 2221-2295.
Freundlich H. Uber die adsorption in losungen[ J].
fiir Physikalische: Chemie A, 1906, 57 385-470.
Lagergren S. About the theory of so-called adsorption of soluble

Journal of the American

Zeitschrift

substances [ J ]. Kungliga Svenska Vetenskapsakademiens
Handlingar, 1898, 24(4) . 1-39.

Ho Y S, McKay G. Kinetic model for lead ( Il ) sorption on to
peat[ J]. Adsorption Science & Technology, 1998, 16 (4) ; 243-
255.

Low M J D. Kinetics of Chemisorption of Gases on Solids[ J].
Chemical Reviews, 1960, 60(3) : 267-312.

Diffract P. File, JCPDS Internat[ S]. Centre Diffract. Data,
PA, 2004, 19073-3273, USA.

Wu G D, Wang X L, Chen B, e al

mesoporous Mg-Al mixed oxides: Mild and stable base catalysts

Fluorine-modified

for O-methylation of phenol with dimethyl carbonate[ J]. Applied
Catalysis A: General, 2007, 329(1): 106-111.

Hlavay J, Polydk K. Determination of surface properties of iron
hydroxide-coated alumina adsorbent prepared for removal of
arsenic from drinking water[ J ]. Journal of Colloid and Interface
Science, 2005, 284 (1) 71-77.

Martinson C A, Reddy K. Adsorption of arsenic ( Il ) and
arsenic ( V) by cupric oxide nanoparticles [ J].
Colloid and Interface Science, 2009, 336(2) : 406-411.
Lenoble V, Laclautre C, Serpaud B, et al. As( V) retention

Journal of

and As(Ill) simultaneous oxidation and removal on a MnO,-
loaded polystyrene resin[ J]. Science of the Total Environment,
2004, 326(1-3) ; 197-207.

Mufioz ] A, Gonzalo A, Valiente M. Arsenic adsorption by
Fe( Il ) -loaded open-celled cellulose sponge. Thermodynamic

aspects [ J ]. Environmental Science &
Technology, 2002, 36(15) . 3405-3411.

Manna B R, Dey S, Debnath S, et al. Removal of arsenic from

and  selectivity

groundwater using crystalline hydrous ferric oxide (CHFO) [ J].
Water Quality Research Journal of Canada, 2003, 38(1) . 193-
210.

Stumm W, Morgan J. Aquatic chemistry: Chemical equilibria
and rates in natural waters| M]. (3rd ed. ). New York: John
Wiley & Sons, 1996.

McBride M B. A critique of diffuse double layer models applied
to colloid and surface chemistry[ J]. Clays and Clay Minerals,
1997, 45(4) : 598-608.

Nesbitt H, Canning G, Bancroft G. XPS study of reductive
dissolution of 7A-birnessite by H;AsO,, with constraints on
reaction mechanism [ J ]. Geochimica et Cosmochimica Acta,

1998, 62(12) : 2097-2110.



HUANJING KEXUE Vol.35  No. 11

Environmental Science ( monthly) Nov. 15, 2014

CONTENTS

Variation Characteristics of Surface Ozone and Its Precursors During Summertime in Nanjing Northern Suburh ««+eeseereeeseserenseinienenennnnes SHAO Ping, AN Jun-lin, YANG Hui, et al. (4031)
Distribution Characteristics of Pollution Gases and Water Soluble lon in Aerosol During the Asian Youth Games of Nanjing, China -+ 70U Jia-nan, AN Jun-lin, WANG Hong-lei, et al. (4044 )
Aerosol Concentration Variation in Nanjing During Asian Youth Games and the Relationship Between Aerosol Concentration and Visibility = «+-++++=+++++ YUAN Liang, YIN Yan, LI Qi, et al. (4052)
Characteristic Analysis of a Multi-day Pollution Event in Chang-Zhu-Tan Metropolitan Area During October 2013 «++eseeseeeeseseereeneeees LIAO Zhi-heng, FAN Shao-jia, HUANG Juan, et al. (4061 )
Application of On-line Single Particle Aerosol Mass Spectrometry (SPAMS) for Studying Major Components in Fine Particulate Matter **+*+ FU Huai-yu, YAN Cai-qing, ZHENG Mei, et al. (4070)
Establishment and Application of Replaceable Source Profiles of PM «+rerereerresreesrersiennensnsscineiisi e CHEN Qiang, JING Yi, WU Huan-bo, et al. (4078)
Distribution, Flux and Biological Consumption of Carbon Monoxide in the East China Sea and the South Yellow Sea in Summer +++++++++: WANG Jing, LU Xiao-lan, YANG Gui-peng, et al. (4085 )
Spatial and Temporal Distribution of Mercury in Water of a Small Typical Agricultural Watershed in the Three Gorges Reservoir Region «+++++ WANG Ya, ZHAO Zheng, MU Zhi-jian, et al. (4095 )
Fluorescence Characteristics of Fractionated Colloidal Organic Matter in Freshwater from Hunhe and Taizihe Watersheds ««+:«+«eseeoveseesereeneesnncnens LIU Na-na, LI Bin, LIU Rui-xia, et al. (4103 )
Variations of Annual Load of TN and TP in the Deep Bay Watershed, Shenzhen —+«+«+seseesessessensssmenensinnininniinsncnen ZHAO Chen-chen,ZHANG Shi-yan, MAO Xian-zhong (4111 )
Characteristics and Bioavailability of Organic Phosphorus from Different Sources of Sediments in Dianchi Lake —+eeesereereereeererenees XIONG Qiang,JIAO Li-xing, WANG Sheng-rui, et al. (4118)
Heavy Metals Distribution Characteristics and Ecological Risk Evaluation in Surface Sediments of Dammed Jinshan Lake «-«+:t-seoseeeeeeees ZHOU Xiao-hong, LIU Long-mei, CHEN Xi, et al. (4127)
Vertical Distribution Pattern and Ecological Risk Assessment of Heavy Metals in a Sediment Core from Pumoyum Co, Tibet + XIE Ting, LUO Dong-xia, YANG Rui-giang (4135 )
Heavy Metals Pollution and Analysis of Seasonal Variation Runoff in Xi'an +:eeeeeeressersssnniniin YUAN Hong-lin, LI Xing-yu, WANG Xiao-chang (4143 )
Distribution and Source Apportionment of Polycyclic Aromatic Hydrocarbons (PAHs) in Urban Rainfall Runoff ~«+reseseeresesseremssnnsennsisninnenns WU Zi-lan, YANG Yi, LIU Min, et al. (4148)
Influence of the Substrate Composition in Extensive Green Roof on the Effluent Quality ««+«sseseersereesersenenenniminniinine CHEN Yu-lin, LI Tian, GU Jun-qing (4157)

Investigation of the Microbial Diversity and Structure of Biological Activated Carbon from Different Sources in Drinking Water Treatment Process «+seseeseereereseserensineneniininenn
.................................................................................................................................................................. DU Er-deng, ZHENG Lu, FENG Xin-xin, et dl. (4163
JIANG Xin-yue, LUAN Qing, CONG Hai-bing, et al. (4171
+ WANG Xu-dong, ZHANG Yin-hui, WANG Lei, et al. (4176
CAO Fei, YUAN Shou-jun, ZHANG Meng-tao, et al. (4185

Microcystin Safety Study During Cyanobacteria Removal by Pressure Enhanced Coagulation Process

Membrane Fouling Based on Change of Membrane Characteristic Parameters During Ultrafiltration of Protein

)
)
)
Impact Factors and Degradation Mechanism for the Ozonation of Acetaminophen in Aqueous Solution )
Degradation of Benzothiazole in Electro-Assisted Microbial Reactor —«+-x+ssssssessessssenenmnienininnininensiss e LIU Chun-miao, DING Jie, LIU Xian-shu, et al. (4192)
Preparation and Evaluation of Fe-La Composite Oxide Nanoadsorbent for As(Il) Removal from Aqueous Solutions «+++++ssssssesesssssususssisnenes ZHANG Wei, CHEN Jing, ZHANG Gao-sheng (4198 )
LOU Ju-ging, YANG Dong-ye, CAO Yong-qing, et al. (4205)
)
)
)
)
)
)

TANG Qing-qing, FANG Zhi-guo, JI Wen-wen, et al. (4212
REN Yu-hui, WANG Ke, LI Xiang-kun, et al. (4218
) LI Xiang, HUANG Yong, WU Chuan, et al. (4224
Research on Change Process of Nitrosation Granular Sludge in Continuous Stirred-Tank Reactor ««+:«+sesserseseeesenenssininsinenisinnens YIN Fang-fang, LIU Wen-ru, WANG Jian-fang, et al. (4230
Effects of Salinity on N,O Production During Nitrification Using Aerobic Granular Sludge ++«+eseeseresseresesesssssninisinin WANG Shan-shan, LIANG Hong, GAO Da-wen (4237
Analysis of Microbial Community Variation in the Domestication Process of Sludge in a Sulfate-reducing Reactor ««++«+-«=sesseeeseees ZENG Guo-qu, JIA Xiao-shan, ZHENG Xiao-hong, et al. (4244
Quantifying the Influence of Different Matrices on Ph Accumulation in the Soil from Nanjing and Suspended Matter from the Lower of the Yangtze River with Ph Isotopic Technique «++++++++

.................................................................................................................................................................. WANG Cheng, XIA Xue-qi, ZHANG Yi, et al. (4251)
Contamination Characteristics of Fluoroquinolones in Different Kinds of Soil Profiles in Southeast Suburb of Beijing ««eseeeseeeresrerseesennenee SU Si-hui, HE Jiang-tao, YANG Lei, et al. (4257)
Effect of Environmental Factors on the Formation of Several Typical Tetracycline Resistance Genes in Soil =++«+ssssessessesssesensenens ZHANG Jun , LUO Fang-yuan, XIONG Hao-hui, et al. (4267)
Response of Nitrification/Denitrification and Their Associated Microbes to Soil Moisture Change in Paddy Soil *+ LIU Ruo-xuan, HE Ji-zheng, ZHANG Li-mei (4275 )
Microbial Community Abundance and Diversity in Typical Karst Ecosystem to Indicate Soil Carbon Cycle JIN Zhen-jiang, TANG Hua-feng, LI Min, et al. (4284 )
Effects of Variable Temperature on Organic Carbon Mineralization in Typical Limestone Soils «+x+sxeveseesessessesessenennsnneenns WANG Lian-ge, GAO Yan-hong, DING Chang-huan, et al. (4291 )
Influence of the Interaction Between Iron Oxide and Electron Donor Substances on 1,1, 1-Trichloro-2 ,2-bis( p-chlorophenyl ) ethane (DDT) Reductive Dechlorination in Hydragric Acrisols

............................................................................................................................................................ LIU Cui-ying, XU Xiang-hua, WANG Zhuang, et al. (4298 )
Continuous Remediation of Heavy Metal Contaminated Soil by Co-Cropping System Enhanced with Chelator «+«+«sssssssereessessenenennncnens WEI Ze-bin,GUO Xiao-fang, WU Qi-tang et al. (4305)
Spatial Heterogeneity of Soil Respiration in a Subalpine Meadow at Different Sampling Scales — «+sxsxteveeesssssensimsieneneininineisnne LI Hong-jian, GAO Yu-feng, YAN Jun-xia, et al. (4313)
Study on Regularity of Greenhouse Gas Emissions from Black Soil with Different Reclamation Years -+ LI Ping, LANG Man, XU Xiang-hua, et al. (4321)

Comparison Between Transgenic Insect-Resistant Cotton Expressing Cryl Ac Protein and Tts Parental Variety in Rhizospheric Fungal Diversity — »«e-eereseereerseresemenensnnenensnnincneen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" PAN Jian-gang, JIAO Hai-hua, BAI Zhi-hui, et al. (4329)
Concentrations of Mercury in Ambient Air in Wastewater Irrigated Area of Tianjin City and Its Accumulation in Leafy Vegetables «++++-+ ZHENG Shun-an, HAN Yun-lei, ZHENG Xiang-qun (4338 )
Combined Effects of 1-Nitropyrene and 1,2-Naphthoquinone on Cytotoxicity and DNA Damage in A549 Cells ««eeerereesrerrenseesenennenens SHANG Yu, JIANG Yu-ting, ZHANG Ling, et al. (4345)
Influence of Organic Matter Evolution During Composting on the Bioavailability of Heavy Metals «+:+eesesresrereersssemensniinininiisee BU Gui-jun, YU Jing, DI Hui-hui,et al. (4352)
DOU Xiao-min, CHEN De-zhen, DAI Xiao-hu (4359)
TIAN Ying, WANG Shen, XU Qi-yong (4365 )
)
)
)
)
)

Carbonization of Heavy Metal Cu Implanted Sewage Sludge and Stability of Heavy Metal in the Resulting Char

Technological Characteristics of Bioreactor Landfill with Aeration in the Upper Layer

Impact of Nitrate Continuous Injection on N, O Releases from Bioreactor Landfill

BIAN Rong-xing, SUN Ying-jie, LI Jing-jing, et al. (4371

Research on Contribution Decomposition by Industry to China’s Carbon Intensity Reduction and Carbon Emission Growth —+eseeseeseeseeeserenees JIANG Jing-jing, YE Bin, JI Jun-ping, et al. (4378
Shifting Path of Industrial Pollution Gravity Centers and Its Driving Mechanism in Pan-Yangtze River Delta «+«+eseereereeererenenenencnenen ZHAO Hai-xia, JIANG Xiao-wei, CUI Jian-xin (4387
Method for Environmental Management in Paper Industry Based on Pollution Control Technology Simulation «:+«sessesesseseessssnssniniiinien ZHANG Xue-ying, WEN Zong-guo (4395
Research Progress and Direction of Atmospheric Brown Carbon — eseeseeesesssesssnnsiniine YAN Cai-qing, ZHENG Mei, ZHANG Yuan-hang (4404



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
TENL  FAERE FIE F44r H O N H O OF L
S 2 SE vzl 5B =z =q
AOKE  XER BWE BRET & S MEH
— = S - > =
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT)
2014411 H15SH %35% 114 Vol.35 No.11 Nov. 15, 2014
£ & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e I ( [))\;ﬁ;%j]ﬂflﬁ)’éj@f?) 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 % Bk A School of Environment, Tsinghua University
. BAREAE) G E RS E:ﬁ:o‘:—in o b g:YE[?rll\ItG 'Zil-}]l:and f Envi tal Sci (HUANJING
. o e s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
18 5, MR 4% : 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 Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " " m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— 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 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
90. 00 J© ES&EITRS: M 205

BRSNS FET



	上.pdf
	20141122.pdf
	下.pdf



