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Characteristics of Odors and VOCs from Sludge Direct Drying Process

CHEN Wen-he', DENG Ming-jia', LUO Hui', ZHANG Jing-ying’, DING Wen-jie?, LIU Jun-xin®, LI Lin’

(1. Guangzhou Heidelberg Yuexiu Cement Co. LTD., Guangzhou 510800, China; 2. Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Co-processing sewage sludge by using the high-temperature feature of cement kiln can realize harmless disposal and energy
recycling. In this paper, investigation on characteristics of the flue gas from sludge drying process was carried out in Guangzhou
Heidelberg Yuexiu Cement Co. , LTD. The composition and the main source of odors and volatile organic compounds (VOCs) emitted
during the drying process were analyzed, aimed to provide scientific basis for the treatment of sewage sludge. Results showed that there
were a large number of malodorous substances and VOCs in the flue gas. Sulfur dioxide and other sulfur-containing compounds were the
main components in the malodorous substances,while benzene derivatives were predominant in VOCs. The compositions of odors and
VOCs were influenced by the characteristics of the sludge and the heat medium (kiln tail gas). Total organic compounds in the sludge
were significantly decreased after drying. Other organic substances such as volatile fatty acid, protein, and polysaccharide were also
obviously reduced. The organic matter in sludge was the main source of VOCs in the flue gas. Part of sulfurous substances, such as
sulfur dioxide, carbon disulfide, were from sulfur-containing substances in the sludge, and the rest were from the kiln tail gas itself.

Key words :cement kiln; sludge; direct drying; odors; volatile organic compounds

i P L IRATE Y 7K Ak B R R B v, SRS
IKALFR S5 e = A SR . & 2013 4F 1 A,
T [ B R B 5 K Ab B UT3 400 3 | B kb P GE
REN 1,43 f2m’-d ™" = A KR 80% 1 T5 e M
350077 t. FIHAKUET JBe s & b 35 K b L5
T, ANAUFDRE 75 /KA BR) 5 e b B ) 51, 38 ] LA
FHI5 TS 43 /K e Sk A= 7 skt | 7843 F 5 e
B e R v T R R AR A AV, 3R 25 R RRUE AL
TeE . LA IRLE A R E e

FER KU 14 25 X 3k i s K AL 335 e b4 7
BEREALE Z R, BTG YR AT AL, 5 YR i
KRB ELR T IR IR A RGE ST
15Ky, TAE TS Je Ve B AR R A 48 b, 52
PA R AR, FEIR TG e Tk R v, 2 Bk
KALIK G . ZEAARRSFY T, Rl i AR L
FAERAEA L A5 A S A A S

Hr) N AR KU A BR S w5 e T A = R TR
U K e 7 T () Ak B T K A B TS
b A PO R A SR ML G HE RS | fig i e
AL AR P R YRS TS SRR AR A 32 BRI, LA
G VA A B B AR BB S KA.

1 #B57EE

2012 43 H ~2013 49 H ZRAE) MRk
P FRA R B 15 e TA A P-4 S R A F o Br. R
FE R EAE TR A A T AL, SRFE &R 4
A 10 LR CRAEAE (RRRUE FEP-10, K% 518

Wi B 2013-12-11; {EiTHHA: 2014-02-24

EEWB . E5KMIE S E A LT (20102X07319-
001-03)

YEZ BN . SO (1961 ~ ) 5 #i+, TR0, E-mail ; Chen. WenHe
@ cce. com. cn

= JATHIE R, E-mail ; leel @ rcees. ac. cn



2898 AN 5%

B 35 %

B AR 7] ) 8y Tenex-TA %ﬂg’ﬁ%( PerkinElmer, ES
B RE. REFMERE. THES, TG, K
LTS . e o B A AL A T AR AR
g, TR . RE TR IS e ; Tk
FRARIREE  FXTAEEE. Bl W5 A S0 68 = 4
B, U W N 25045 - L5 G H8 b5 3BT, 1 Lk
W SRR P @RISR AT, I 5
Wi . BidbE . M. ARSI EE S Ik &
Jeiz [ Se s A e — oM. o i de bs Korikingk
1 fis.

2 ZER5iTie

BRI TZ

IR R K IR A PR F] D 2007 4F 14 EE s 7l
KRz L FEAAL B 5 R H , A B TS5 e £ E ok
BRIV TG KA BT Y5 (5K 80% ) K
HAbE 0 600 t, 4FEALEHR 18.6 Tt /KIBZEAL
HUGRAG, iEisle TR E Il REE
V5 UMLK B LA R K A B AR (R
1),

2.1

F1 INERRYLEFE

Table 1 Indexes and methods of analysis
T H S HrE bR WA/ IWIRES MR
e o i AL R MOS, TELE RAG DL (Odor Catch/SLC-12050P1240N01
SRR NI EYER LY o T AR a1 )
o BARE, WELEE, B, R, 6 . W - .
TRES Wi R A [FAERIS SERAEHL(YDEG-1A, #h [ )
= = R W= W A Y/ = R EA )b v 1 VRS TELI TN (rbr, 75 5, TR )
R AL AT - T I TR FHAN (5 HE GC-MS-QP2010, H7K)
JLH 53 HT (EDAX) B X SR Sk SR T B (SU-8020, H AR H LA #])
C,N,S L& R B SRBhAS AR JCER M ( Vario EL 1M, f#[H)
AT IS SRR RN ST et ,
PE(T3E) CI/T 313-2000( 1 A3 B Bt (IKAC5000, )
RAHL(TOC) IR SE AR LT AN i SAHLIRAHHL (5BHE TOC-V CPH, HAY)
I HRHEAE Y =TS BT (F-4600 FL Spectrophotometer, H %)
BB LR E AL 4 H 38 AL (UDK152 B B RA))
iR A LR SISk S AR (Agilent, GC6890N, 5[ )
EZii Dubois 714 36611 ( Hach , DR2800 , 25 [
Cl=, NH;, NO; ,CO3~, SO2~, PO}~ BTk B 03%{Y ( DIONEX 1CS1000, 345 H)
o TR
JE 5

He E TG VR

{5 TR
.

T R U

_____ -

FRAMUE |
ERE: |
N
NL# < (B«
NN |

Eo s

—— {5
-——- AR
*  ORAEK

E1 KEEHELEETEK FEIZERE

Fig. 1

Diagram of co-processing sewage sludge in the cement kiln
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Fig. 2 Element analysis of the sewage sludge
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Table 3 Chemical composition of the flue gas
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Table 4  Organic matter and calorific value of the sludge
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Table 5 Soluble inorganic salt in the sludge
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Fig. 5 Three-dimensional fluorescence contour spectra of sludge

I N AR K PR AT BR2S B 895 98 A AR 7 R 1
TR TR EE A T 200°C . RIUL, MR T Y8 Zead 7K e [ul
M RAEE TR, 5 R R R SR 5 &
AT A A U R i S 7/ DD S 3 £ oS
et , — AR LA KA R AL 08 B & B
Bt A R B A, S A in e AR 4
RITHRRA BT (RIA R ) B 515 e HE fil iy
FLAEINARTs 2, RIS B RS LA TR il 4
ARSI Ve Y B fih | X U AT B TS e
IR IMG LAZE K, B KRR, I, 2 By
SR TRy, T EREIP A —
E B 1) T AAAEE, NI, AR A A —
SrRTS I T R & A B AL R, 5 — ok A &
AL

&

\75

3 TE

T KA BT 15 Y8 i Ao Fe ™ A KR 1l A
R FAR RN DL B A G — 5k
i, BRI RR S B B, M2 DA RO A
i, R TAPLR K| B2 | RSP, 197k
AR BT L R A B ) 1l o A SR 00 Joe B 4 R A L
Y|P e SR A TR 250 i o AR R/ S DS SRl K 7/ R TA
Fw. EEB, HERVEIRNIR . ZREAIYS

YRR SRS R A . KT A
R EMEA DY) . 2ok A TR ra LY, —
AR . AR BR SR S A B — R R E S e Y
SR, R A TEEA

B2k

(1] AL#EdE, #Bisese, e, 5. WBTIs JeK e & v In) b i 3
IRSEER R, BkHEK, 2012, 38(6) : 22-27.

[2] Z=degr. FIRKIE) B A Bs K T 158 Ko 254 1 B
Ji[D]. KF: REMTKE, 2010.

[ 3] Andreola F, Barbieri L, Lancellotti I, et al. New blended
cement from polishing and glazing ceramic sludge [ J ].
International Journal of Applied Ceramic Technology, 2010, 7
(4): 546-555.

[ 4] Morais L C, Dweck J, Goncalves E M, et al. A case study of the
ceramic matrix sintering of sewage sludge when fired at high
temperatures| J ]. Advanced Powder Technology V, 2006, 530-
531. 734-739.

[5] Frias M, Garcia R, Vigil R, et al. Calcination of art paper
sludge waste for the use as a supplementary cementing material
[J]. Applied Clay Science, 2008, 42(1-2); 189-193.

(6] MkZeW], Jbar, FER, S RS KB 5 e A4
FeARROKYEL )], FREERLE, 2011, 32(2) : 524-529.

(7] 5. 5 TSRV LR YME AL B T2 01 5 % 4
[J]. HEZKHEK, 2010, 26(14) ; 50-55.

[ 8] Arlabosse P, Chavez S, Prevot C. Drying of municipal sewage

sludge: From a laboratory scale batch indirect dryer to the paddle



2902 I S 35 %
dryer[ J]. Brazilian Journal of Chemical Engineering, 2005, 22 1966, 38(4) . 493-507.
(2):227-232. [17] kA fAKTRIM]. deat, o EES T R, 2000.

[ 9] Lahdeniemi A, Makela M, Dahl O. Drying/fractionation of (18] ¥, Sihr, mA&R, % BTl BRPE R Y (BTEX)
deinking sludge with a high-velocity cyclone [ J ]. Drying BRI B L8 B TR [ 1], 3R BE AR, 2009, 29 (4) .
Technology, 2013, 31(4) . 378-384. 777-785.

[10] BEEKHE, BhE=. KR EWATTE KA 5T A5 Y [19] WengH X, Ji Z Q, Chu Y, et al. Benzene series in sewage
BivasHT[T]. REEIRSEA AR, 2010, 28(9) : 48-50. sludge from China and its release characteristics during drying

[11] Murthy S, Kim H, Peot C, e al. Evaluation of odor process[ J]. Environmental Earth Sciences, 2012, 65(3) ; 561-
characteristics of heat-dried biosolids product [ J ]. Water 569.
Environment Research, 2003, 75(6) : 523-531. [20] Harrison E Z, Oakes S R, Hysell M, et al. Organic chemicals in

[12]  sk/NHE, BR3CHT, B4R, &5 FIFH K V6 25 PR b & 30T TS sewage sludges [ J|. Science of the Total Environment, 2006,
KA VSR L]. PEUKYE, 2011, (2): 51-54. 367(2-3) : 481-497.

13] CJ/T 313-2009, ﬁi{ﬁiﬁﬁ%ﬁ*ﬂﬁ)’ﬁﬁ(ﬁ[ S]. [21] Lehtinen J, Veijanen A. Determination of odorous VOCs and the

[14] Dubois M, Gilles K A, Hamilton J K, et al. Colorimetric method risk of occupational exposure to airborne compounds at the waste
for determination of sugars and related substances[J]. Analytical water treatment plants [ J ]. Water Science and Technology,
Chemistry, 1956, 28(3) : 350-356. 2011, 63(10); 2183-2192.

[15] =i, B e, K5 TRIM]. deat. m%EFE [22] BR#AME, S8 M, SKERWY, 45 5 T4 558 Rl B 40 Bt
JiAt:, 1999. [J]. REMEBFZ SR, 2012, (5): 37-39.

[16] Mccarty P L. Sludge concentration-needs accomplishments, and (23] MiEHZF, B E, XBIael. SIS le b= a1, 3%

future goals[ J]. Journal of Water Pollution Control Federation,

BRE, 1990, 11(2) ; 45-48, 96.



HUANJING KEXUE Vol.35  No.8

Environmental Science ( monthly) Aug. 15, 2014

CONTENTS

Chemical Characteristics in Airborne Particulate Matter (PM,) During a High Pollution Spring Dust Storm Episode in Beijing, Tianjin and Zhangjiakou, China = «:eeereeerereessnensnnenens

+ LIU Qing-yang, LIU Yan-ju, ZHAO Qiang et al. (2843)

Distribution of Atmospheric Ultrafine Particles During Haze Weather in Hangzhuu e CHEN Qiu-fang, SUN Zai, XIE Xiao-fang ( 2851 )
Effect of Meteorological Factors on Characteristics of PCDD/F Pollution in Guangzhou DU Guo-yong, SU Yuan, REN Ming-zhong, et al. (2857 )
Atmospheric CO, Data Filtering Method and Characteristics of the Molar Fractions at the Longfengshan WMO/GAW Regional Station in China «+«+eeessererseseremesnsnsiennesnnscenneene
............................................................................................................................................................ LUAN Tian, ZHOU Ling-xi, FANG Shuang-xi, et al. (2864 )
Influence of Atmospheric Transport on Air Pollutant Levels at a Mountain Background Site of East China «++++«sveeesesrevesssensnennsenens SU Bin-bin, XU Ju-yang,ZHANG Ruo-yu, et al. (2871 )
Determining the Concentration of Coating Solution Attaching to Honeycomb Denuder in Summer in Tianjin =~ +:«seseeseeseeseeneneenenens ZHANG Shi-jian, JI Ya-qin, ZHANG Lei-bo, et al. (2878 )
Characterization of Lead Size Distributions with Different Process in Lead-Zinc Smelter ««++++sssessessssrssismnimiimnnii, LIANG Jun-ning, LI Wen-hui, GE Yi, et al. (2883)
Effect of KI Modified Clay on Elemental Mercury Removal Efficiency «ereeeseseereerssrememenenmineni SHEN Bo-xiong, CHEN Jian-hong, CAI Ji, et al. (2890)
Characteristics of Odors and VOCs from Sludge Direct Drying Process — «eesesseessesesissenensninineninnine e CHEN Wen-he, DENG Ming-jia, LUO Hui, et al. (2897)
Research of Early-warning Method for Regional Groundwater Pollution Based on Risk Management +«+«ssxssereeeeseresensieniencneninenns BAI Li-ping, WANG Ye-yao, GUO Yong-li, et al. (2903 )
Dynamic Response of Riverine Nitrate Flux to Net Anthropogenic Nitrogen Inputs in A Typical River in Zhejiang Province over the 1980-2010 Period -+ ZHANG Bai-fa, CHEN Ding-jiang ( 2911)
Research on the Influence of Urban Land Use Structure and Pattern on Nitrogen, Phosphorus of Wetland Water Environment in Xianlin New Town of Nanjing «+:eseeseeseereseresseresienenenn
.................................................................................................................................................................. CAI Chun-xiao, LIU Hong-yu, LI Yu-feng, et al. (2920
Profile Nutrient Distribution and Sedimentary Characteristics in Typical Marshes of Sanjiang Plain «+-«+eseseereeressesienenennininenninicnens LI Rui-li, CHAI Min-wei, QIU Guo-yu, et al. (2928
Source and Contamination of Polycyclic Aromatic Hydrocarbons in Surface Soil in Karst Underground River Basin = ++«+sesseseeeesesseneenenens LAN Jia-cheng, SUN Yu-chuan, SHI Yang, et al. (2937

ZHANG Tao,PU Jun-bing, YUAN Dao-xian, et al. (2944
++ XIAO Ke,SHEN Li-cheng, WANG Peng ( 2952

Diel Variations of Hydrochemistry and Influencing Factors in a Surface Stream in Subtropical Karst Area, SW China

)
)
)
)
Hydrogen and Oxygen Isotopes of Lake Water and Geothermal Spring Water in Arid Area of South Tibet - )
Preliminary Research on the Feature of Dissolved Inorganic Carbon in Wulixia Reservoir in Summer, Guangxi, China =««+«+«ssseereesseenenenenenenee LIU Wen, PU Jun-bing, YU Shi, et al. (2959)
Distribution of Heavy Metals in Xiangsi River Valley of Tongling, China - -+ CHEN Li-wei, XU Xiao-chun, WANG Jun, et al. (2967)
Volume Fraction of Gas Vesicle and Floating Characteristics of Cyanobacteria in Taihu Lake Under Different Pressures WANG Wei, CONG Hai-bing, XU Ya-jun, et al. (2974 )
)
)
)
)
)

Degradation of Dimethyl Phthalate by Ti( IV ) -catalyzed 0/H,0, Under Acidic Conditions *++-* *+ GAO Yan,SHEN Tong-dong, CHEN Yao, et al. (2980
Influence of Tnorganic Tons and Humic Acid on the Removal of Pb( Il') and Hg( 1) in Water by Zero-Valent Iron SHI Qiu-ling, ZHOU Xin, ZHANG Jin-zhong, et al. (2985
Synthesis of Hydroxyapatite/ Magnetite/Zeolite Composite for Congo Red Removal from Aqueous Solution +«+«+++sessereersenesesenenesinenns FANG Qiao, LIN Jian-wei, ZHAN Yan-hui, et al. (2992
Corrosion of Stainless Steel 201, 304 and 316L in the Simulated Sewage Pipes Reactor +«++xtsveevesssesssssimsiiniiiiiininns BAO Guo-dong, ZUO Jian-e, WANG Ya-jiao, et al. (3002
Experimental Study of Adhesion Properties Between Membrane Surface and Humic Acid During Microfiltration «+s«sseseeseesesesssenenisenne WANG Lei, WANG Lei, HUANG Dan-xi, et al. (3007
Coating Modification of Anthracite Substrates in Vertical-flow Constructed Wetlands by LDHs Synthesized from Different Metal Compounds and the Nitrogen Removal Efficiencies «++e+-veeeee
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Xiang-ling, GUO Lu, CHEN Jun-jie, et al. (3012)
Atrazine Wastewater Treatment in a SPG Membrane-Aerated Genetically Engineered Microorganism Biofilm Reactor —«+s«+sessesseseeseseereens LIU Chun, GONG Peng-fei, XIAO Tai-min, et al. (3018)
Influencing Factors for Operational Performance of a Biofilm Reactor with Microbubble Aeration Using SPG Membrane «:«+:esveseesvesesneevseneee ZHANG Lei, ZHANG Ming, LIU Chun, et al. (3024)
Variations in the Active Characteristics of Sludge During the Operation of an Aerobic Membrane Bioreactor and Their Effects on Membrane Fouling «++eeseereeeseesereneenmienensninincnnnnn
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Xuan, TANG Bing, ZHANG Zi, et al. (3031)
Effects of Anaerobic Feeding Period on Nitrifying Granular —«+s«+«+sseeesessersensssmenennimiinsninisss e LIU Wen-ru, YIN Fang-fang, WANG Jian-fang et al. (3038 )
Influencing Factors of Sludge Liquor Treatment in UASBB  «+eereeseeevsessssusnssimnimiininninniniiiis s LI Ya-feng,MA Chen-xi,ZHANG Chi (3044 )
Background Values of As and Hg in Surface Dusts in the Vicinity of Kaifeng City and Their Application - ++« CHEN Yan-fang, MA Jian-hua, DONG Yun-wu, et al. (3052)
Concentrations and Health Risks of Toxic Metals in Surface Dust in Kindergartens of Beijing «+v+sseesresreseeremenrsnmsinsininsininnenns DUAN Heng-yi, WU Ya-tao, WANG Juc et al. (3060)
Polychlorinated Biphenyls in House Dust at an E-waste Site and Urban Site in the Pearl River Delta, Southern China: Sources and Human Exposure and Health Risks -+
............................................................................................................................................................... ZHU Zhi-cheng, CHEN She-jun, DING Nan, et dl. (3066)
Reponses of Soil Total Organic Carbon and Dissolved Organic Carbon to Simulated Nitrogen Deposition in Temperate Typical Steppe in Inner Mongolia, China «+++-+++s+s+- -
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" QI Yu-chun, PENG Qin, DONG Yun-she, et al. (3073)
Effects of Different Fertilizer Species on Carbon and Nitrogen Leaching in a Reddish Paddy Soil = «+sx+seseeseeseessemennmmenensininicneinns LIU Xi-yu, ZOU Jing-dong, XU Li-li, et al. (3083)
Effects of Low Molecular Weight Organic Acids on Speciation of Exogenous Cu in an Acid Soil «+eerereseeresesesnssnienn HUANG Guo-yong, FU Qing-ling, ZHU Jun, et al. (3091)
Evaluation of Compounding EDTA and Citric Acid on Remediation of Heavy Metals Contaminated Soil YIN Xue, CHEN Jia-jun, CAI Wen-min ( 3096 )
Soil Biochemical Characteristics in Different Ecological Systems and Their Relationships with Soil Respiration and N,O Emission -w+r+eeseeeerereeneeees CHEN Ling, FAN Hui, JIANG Jing-yan (3102)
Contribution of Different Processes in Wetland Soil N,0 Production in Different Restoration Phases of the Yellow River Estuary, China ««weseoereseererressrmsennesinscnnisnceneens
......................................................................................................................................................... SUN Wen-guang, SUN Zhi-gao, GAN Zhuo-ting, et al. (3110)
Effects of Combined Applications of Pig Manure and Chemical Fertilizers on CH, and N,O Emissions and Their Global Warming Potentials in Paddy Fields with Double-Rice Cropping -+
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Cong, SHEN Jian-lin, ZHENG Liang, et al. (3120
Influence of Ozone on Snap Bean Under Ambient Air in Two Sites of Northern China —«+xseesessessensessenensinsinensinienens YUAN Xiang-yang, ZHANG Wei-wei, SUN Jing-song, et al. (3128
Arbuscular Mycorrhizal Symbiosis Influences the Biological Effects of Nano-Zn0 on Maize = «++s+essseseresssssesssenenninsisisnninienen WANG Wei-zhong, WANG Fa-yuan, LI Shuai, et al. (3135
Effect of Arbuscular Mycorrhizae on Growth, Heavy Metal Uptake and Accumulation of Zenia insignis Chun Seedlings «++«+++eseesessereereeseesnene LI Xia, PENG Xia-wei, WU Song-lin, e al. (3142
Effects of Phosphorus-containing Substances on Arsenic Uptake by Rice «eoveeeeeseserssssemenininniiiisne LEI Ming, ZENG min, LIAO Bo-han, e al. (3149

ANG Xiao-nan, LIU Zheng-tao, WANG Wan-hua, et al. (3155
+ LIU Jia-yu, XIAO Wen-feng, LU Li-ping, et al. (3162
Isolation, Identification and Characterization of a Diethylstilbestrol-degrading Bacterial Strain Serratia sp. -+ -+ XU Ran-fang, SUN Min-xia, LIU Juan, et al. (3169

)

)

)

)

)

Ecotoxicological Effect and Soil Environmental Criteria of the Heavy Metal Chromium( VI) -+ )
)

Distribution of Polybrominated Diphenyl Ethers in Wild Crucian Carp and Exposure Estimation of Dietary Intake ««+eseeereeesrsesenneeens WANG Jun-xia, WANG Chun-yan, LIU Li-li, et al. (3175)
)

)

)

)

)

)

)

)

Promotion Effects of Vitamin B,, on the Degradation of 2,4 ,4'-Trichlorobiphenyl by Nostoc PD-2 -+

Cloning of Full-length ¢DNA of HMGR from Gobiocypris rarus and Analysis of Its Exprcsswn Profiles in Male Exposed to Pentachlorophenol  +++ DENG Chuan, MAO Si-yu, XIONG Li, et al. (3183
HE Qiang, WU Qing-qing,MA Hong-fang, et al. (3192
LI Kun-quan, WANG Yan-jin, YANG Mei-rong, et al. (3198

Effects of Algae and Kaolinite Particles on the Survival of Bacteriophage MS2
Adsorption Kinetics and Mechanism of Lead ( 1) on Polyamine-Functionalized Mesoporous Activated Carbon

Influence of Biological Activated Carbon Dosage on Landfill Leachate Treatment ««+«+-veeeeesseereseseemenennenininsinsniinssns e CUI Yan-rui, GUO Yan, WU Qing, et al. (3206
Effect of Economic Structure Adjustment on Pollution Emission: A Case Study of COD  «ereerrerrerrrerensemmenenennincnenneneens LI Ming-sheng, ZHOU Lei, CHEN Yuan-hang, et al. (3212
Reasons for the Changes in Anthropogenic Lead Flows of China «+se-«esesessessersesssemenmsssinissiinis MA Lan, MAO Jian-su (3219
Discussion on Reduction Potential of CH, Emission Intensity for Early Off-take Practice of Grazing Yak = «+veoveevevereseserveneeenns WANG Shi-ping, Andreas Wilkes, WANG Ya-yun, et al. (3225
Review of Dual Stable Isotope Technique for Nitrate Source Identification in Surface- and Groundwater in China = ++«eseeeseeseereeseeesienenees XU Zhi-wei, ZHANG Xin-yu, YU Gui-rui, et al. (3230



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S 2 SE vzl 5B =z =q
AOKE  XER BWE BRET & S MEH
— =g N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( I;'JEJJ{?J‘N;J;;:C;: EETQ(ULT{E) (Monthly Started in 1976)
0144E8 A 15 H 35% sy Vol.35 No.8 Aug. 15, 2014
F & hEPFERE Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
B Rl A% FTE 2N 22 Co-Sponsored by Beijing Municipal Research Institute of Environmental
AT R BT AR P B 2 W5 B
A = - - Protection
e % WK B T School of Environment, Tsinghua University
. BAREAE) G E RS i:ll:o;-m o b g:YE[?rll\It(J 'le-}]l:and f Envi tal Sci (HUANJING
. e s s . ite y e Editorial Board of Environmental Science >
BT 2871 (R4 (HUE DU 1
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 http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
qE 3 =3 Printed by Beijing Bei Lin Printing House
BN R 3 4T JbntdeAkenml
% 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



	前.pdf
	8fm.pdf
	ml.pdf

	20140809.pdf
	后.pdf
	yml.pdf
	fd.pdf




