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Abstract This, rtesearch undertook a life cycle assessment (LCA) for lead-acid batte}i‘es (LABS')u used in electric bikes, the fastest
growing LABs jn China= A cradle-to-grave LCA¢ model was established to identify thefkey materials or processes that contribute most to
environmental impacts=within the life cycle of EABs, mcludmg malerlal production, batteryemanufacture , transportation, use, and end-
ofs hfd A large amount of primary data obtamed from enterprlsers and a Chinese LCA database were uséd in this research to reflect the
status, lof technology and environmental mdndgement for the reldted Andustries in China. The results indicate that material production and
LAB/usé dominate in-tesource consumption and environmental impacts during the life cycle of LABs. Material production is the most
importanf driver of such impacts as abiotic resources depletion (699% ), eutrophication (89% ), photochemical smog production
(98% ), ozone depletion (117% ), total human toxicity (159% ), and ecological toxicity (484% ). Battery use is responsible for
83% of primary energy use and contributes the highest potentials to the impacts related to energy, including global warming potential
(86% ) and acidification potential (70% ). Recovery of materials at the end-of-life stage will significantly mitigate the overall life cycle
impacts by reducing virgin material consumption. Based on the findings, there are several substantial opportunities to reduce the overall
environmental impacts of batteries, such as prolonging the lifetime of batteries, reducing the metal consumption in batteries, and
improving the technology and management in recovery of end-of-life batteries.

Key words :lead-acid battery; electric bike; life cycle assessment; lead emissions; secondary lead
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System boundary of the LCA for lead-acid batteries
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Table 2 Life cycle emissions of key pollutants for 1 kW -h lead-acid batteries

riety AN A
Henle JE A R A H 3 A ERfiipe T} F b ] H, 9 [ S 4k 3

COD 64.6 g 192 11 1 38 - 142

NH,-N 3.73 g 18 38 1 13 30

NO, 0.93 kg 27 8 1 82 -18

S0, 1.39 kg 58 7 0 68 -32

Co, 315 kg 16 8 0 86 ~11

i 4.91 g 140 12 0 0 -53

¥ 1.94 g 717 1 0 9 -627

XK 0. 69 mg 217 3 0 25 —145

i 0.11 g 617 1 0 13 -532

ki 5.04 mg 703 1 0 9 -612

% 4.9 mg 112 7 0 65 -84

il 0. 46 mg 675 1 0 11 -587

B 0.36 g 196 0 0 1 -97

BEYL( DL TCCD i) 3.22E-05 pg 18 0 0 2 79
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Table 3 Life-cycle environmental impacts of 1 kW +h lead-acid batteries

Tebr 4 PR PN FR bR TRbREUE
PED — MJ 4650
WU — kg 1808
CADP(Sh-eq) CML 2002 kg 0.032
AP(S0,-eq) CML 2002 kg 2.15
EP(PO; ™ -eq) CML 2002 kg 0. 140
GWP(CO,-eq) IPCC 2007 kg 338
ODP( CFC-11-eq) CML 2002 kg 9.29E - 07
PCOP (formed ozone) CML 2002 kg 1.72E -03
ST TR (E USEtox CTU 4.74E - 05
ot AR (A USEtox CTU 4.16E - 07
Aot AR S E USEtox CTU 4.70E - 05
A TR TRE USEtox CTU 4.99

1)CTU (comparative toxic unit) 7~ AJ lLESFEME BN 3 eq (equivalent) 7R 2
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Fig. 2 Environmental impacts of lead-acid batteries

in different life cycle stages
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Fig. 3 Non-carcinogenic HTP of lead-acid batteries
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Table 5 Comparison of LCA between lead-acid batteries with different life cycles ( providing 1 kW -h electricity )
Eiztas Eisg AN XA LT (R A 300 IK)  HLIL (PR A 150 1K) AL/ %
PED MJ 16.07 18.77 17
WU kg 6.32 9.29 47
CADP(Sb-eq) g 0.16 0.33( 100 89 |
AP(80,-eq) g 7.53 9.76 & /L
EP(PO; "~ eq) g 0.50 | 70,66 30/ -
GWP(CO,-eq) kg e 1.168 ¢ 1.335 I A
| 4
ODP( CFC-11-eq) kg 5.91E - 06 8,54 — 06 45%
PCOP( formed ozone) s kg 3.36E -09 ,4 81Ei|_09 ‘ 97" | -
# | J = ¥ 7
ISUN iR I CTU Fi S Y 7 LBE-09 8f25E - 07 & 100
ot A b areEE | L U YW 1LeE-07 /126388097 VY
B0 ARSI 0 CTU il /2 1.63E 07 3.23F 207 100
EASEERE [ . CTU ¥ s F oo ' fr 0.032"" 85 J
¥ J_I' ¥
u F ¥ ] .t
N ATy AL 1 R CBRRE) | ek RUB M, AR
e : / P i B

HET R AT, AT 4R Y ke B 1 IR
A i R PR 2 e 9 0, o P AR F i 2%

— R BRI R AR R A A . AU )
A2 T Lt ) ol FH A i A R e 2 R S R BE 2
M F) — A S B A9 24, W T 7 i ) 42 v AR fE
DD ARG AR BT B ) BT A PR R . Ak iseit
LT AR ) | B LYt A i T 25K DL R — R
SRV N AR e P ] 4 i L M A . LA, T Y
i AL e S R M Y S B i . R BB TE R
o BT P ] e S L Yt DAY e 9 i T 4 R A e (] P
WAl T2l AR FE.

TORAR R B IRR AR D A TR HT 8
TIY 92 TR R 5 N 1% 5 N B o P = A )
HHHFERSN AR TE AT T [, B IR % L i ]
SIS AN 2 AR 2 A8 /0 | i il 2 v il 2 7=
TR P B U At SRR B R ) 4R B B TR B 5%
B RO B A I AU — LE RO AR A

MR, WD ETH FE L. AR E AR A e
BRI A SR A B 2B 3 JE T LA B IR 7 L
A Ml A P A — TR B 0 A P 2R RO I A
PR B AR S BT, KT A R B AR AR i
REATE T RETRURIFE M R | Mol R 35 ria vl £ 1 32
.

SRS PR TN R IR A R R B R A [
R, P e s A PR ORI AR $R T AR A [
AR PR INVRT IR F i I A 1 A e B DR R 2
FARGEIR A TSR A G i A REFE , BR824 W]t
Hh ] A A W AR G AT AR T (], P A R
AR AT Y R K ] g — 2D . AR
Al IS8 it A 7 3 AT A A A B S 4
b RIS B A A B TH B R R L ] R 2508 F
A= 0 5 B W Y B AR BEAL B ST RNIR.
b, — e (BRI AT AL, )y Se I
BIYRR 7 PR T [Tl R Rl 2R 7 R ) AR, B
R T T AT 5 4 2% (] 2 vl it 8 565 7, 2 — AR g



8 1 XUERSF . v B FAT 43 T AR E F M A i S AR

3551

R [DSOM AR 3. A JLAF DR TH B R 365 F v
i (DS 20 2 B APV [ AR o AR O ik
Ji 125200 BT I R 7 L b e 55 [T AP A
3, TR MBI /DFF AR A 1 JR e e 1) 5 5L AE TR AE A
TS UHEI. —SEPRR R A0 B TH R U IR 7 F Ttk
RS A AR 2 T IE T L i A i, o A TR A
AUPRBEZE PR . (] IR SR 9 A4 2, 0 28RS [l i
AbHE AR B RIS G

4

(1) FESS R 25 Pt 4 = A JE 30 ol Ji b el A
BB CREM R A ) B4 R W TR RE ) R
B, Tt 57k T 3225 1 R R B PR B B
FE I B 6 A Jak FiL i BT L 2 B E A 36 HE e
(A GWP ., AP EP %) i) EZ ok ; RNE R
L 25 o, 3t 2 0 4 [ A B3 7 A T — 5
A HEIIC AL TS 0 1A 0 25 6 A 24 TG T 7R
KO ISR P RO R 5 o e 7 Rt 5
Wk 12% i, X HA PR B 48 AR B A — DTk

L Tt iz i o B A K 8 O3 P B8 5 R 1 STk #5

2.

MR A7 SRRDRH B R By AR AV
e L A B R RE L B g

T Bt s st A B P B T 7
AR I RHA e 5 Vb 0 L 75 T Wit e

G R VLU P TR 855 3 0 449 8 K ELRS B iy AT
ek S A0
(3) Bl TR 5 i A= i J] 40 B 5 5 e ) 2 2
TR A - 45 S B IR &5 L Tt Y 5 B s VR R AR
BT A AR D AR PR AR L
N HAE 4 e 1 A 1, S0 & e i b R 5 58 3%
TR F R TR 5 b, b R 5 0 22 0 104 T SR 4 B e Ak [l
WCFE A AR R A | 38 e A A TR s [l
A P AR A ) T Y
B AT R T B ER R T R T
B Z2AH AR FNAT Ml e ZER R T AN £ 40
45T
[ 1] BEM, LI, LR, 2004-2012 43 [F 1 55 575 28
TATFRAESMBI[T]. hE B R 225, 2013, 14(11) ; 868-
870.
[2] Z=W, 6T R, AW, % Bveeg X %R 3 B 4.
B (0 75 G ARG PR [ 1] FRBEREE | 2008, 29(8) : 2327-
2330.

J(2) RUYE SR 3 LeA 2R o

(3]

[4]

[13]

[14]

[15]

LiJ, YaT M, Zhou J, et al. Assessment of health risk for mined
soils based on critical thresholds for lead, zinc, cadmium, and
copper[ J]. Environmental Science, 2008, 29(8) ; 2327-2330.
J/NEE T, M7, A BEEVRERT X R R R
RAERER ML) ]. FREERIE, 2013, 34(9) : 3675-3678.
Zhou X Y, Lei M, Yang J, et al. Effect of lead on soil quality
and human health around a lead smeltery [ J]. Environmental
Science, 2013, 34(9) . 3675-3678.

HST R, BRI, facds, S5 EEYE ) R
HMAFHERAES KB [J]. FEERE, 2013, 34(9) : 3669-
3674.

Zheng L. B, Chen W P, Jiao W T, et al. Distribution
characteristics and ecological risk of Pb in soils at a lead battery
plant[ J]. Environmental Science, 2013, 34(9) ; 3669-3674.
Ciroth A, Finkbeier M, Hildenbrand J, et al. Towards a live
cycle sustainability assessment: making informed choices on
products [ M J.
(UNEP), 2011.
Lave L. B, Russell A G, Hendrickson C T, et al. Policy

analysis,

United Nations Environment Programma

peer reviewed: battery-powered vehicles; . ozone
reduction versus lead discharges[J]. Environmental .-Sciexice &
Technology <1996, 30(9) : 402A-407A. | =/ |

Matheys J, Timmermans J'M, Van Mierlo J, et .dl.l“ct').mpa?ison of
the envirfnifental impact, of five electric “_.vghi.c}_p “battery
technologies asing LCA[ JI." International Jouﬁ;alu“gffSuslai.nabIe

i i

Manufagluring, 2009 1(3) :'318-329. o A
Premr:lde(; K,-'"“Jantirila U“, Kittinan A, et al. ‘Li.fe cycle
assessmént of lead acid batltgl;y. Case study for Thailarid BY]. ..
Environ;r_n‘;nt ProtectionJEngTI-‘leeﬁng, 2013, 39¢1) ; 10-1_—114..--..“:_.‘
Spanos. C ,Aurney D E @Fthenakis V. Life-cycle analysis of ﬂt.)x;vt.—.
assisfé;d r-!'i‘gml zinc-, :r;langanese dioxide-, and !;/a]ve—r'egul,alle(l
lead-heigy batteries designed for demand-charge reductior;'.-f J].
Renewable and Sustainable Energy Reviews, 2015, 43. 478-
494.

Sullivan J L, Gaines L. Status of life cycle inventories for
batteries[ J ]. Energy Conversion and Management, 2012, 58.
134-148.

Daniel S E, Pappis C P, Voutsinas T G. Applying life cycle
inventory to reverse supply chains: a case study of lead recovery
from batteries [ J ]. Resources, Conservation and Recycling,
2003, 37(4) . 251-281.

Salomone R, Mondello F, Lanuzza F, et al. An eco-balance of a
recycling plant for spent lead-acid batteries[ J ]. Environmental
Management, 2005, 35(2) : 206-219.

Sk, LM, DA, 5. HERRE AR A F IR ()]
P E PR, 2013, 5(3) ; 39-48.

Zhang H, Wang H M, Ma C L, et al. Life cycle assessment of
lead-acid battery [ J ]. Chinese Journal of Environmental
Management, 2013, 5(3) : 39-48.

WRIE, AR 45, M % Rl o A i B 0T A R A5
[A]. W: 2010 HEFREERI 22 o RAE SR SCRE (SR IU4)
[C]. Life. sPREPFERAY2, 2010.

BOEAR, T4, TM, % U b A R PPN S0 R
MBS I]. Tk 24 5304, 2012, 38(6) : 13-16.
Yu Y J, Wang D, Wang X, et al. Design and application of life
cycle assessment software module for rechargeable batteries[ J].

Industrial Safety and Environmental Protection, 2012, 38 (6) :



3552 7 S - - 38 %
13-16. LCA in perspective. Ila: Guide. IIb; Operational annex. III.
[16] Liu W, Tian J P, Chen L J, et al. Temporal and spatial Scientific background [ M ]. Dordrecht: Kluwer Academic

[17]

[18]

[19]

[20]

[21]

characteristics of lead emissions from the lead-acid battery
manufacturing industry in China[ J]. Environmental Pollution,
2017, 220: 696-703.

ML, FVXEE, 25, A5 AURUR SN AL S0 A
T Ay P IR B e LL R T [ 1], BRBEIRLA:, 2015, 36
(3): 1105-1116.

Shi X Q, Sun Z X, Li X N, et al. comparative life cycle
environmental assessment between electric taxi and gasoline taxi
in Beijing[ J]. Environmental Science, 2015, 36 (3 ). 1105-
1116.

FEEWH, TEN, BtEE2, & b EA GRS %
BEBTSE e MO ST (0], AR AR A, 2016, 36(22):
7179-7184.

Wang Y T, Wang F C, Hong J L, et al. The development of life
cycle assessment theory research in China and analysis of
countermeasures| J |. Acta Ecologica Sinica, 2016, 36 (22):
7179-7184.

Wi, SKIEGE, XU, JREE b e I 515 sl Bk
[M]. dtat: fee ol st 2013.

Goedkoop M, Spriensma R. The Eco-indicator 99: A damage
oriented method for life cycle assessment [ R ]. Methodology
Report, Amersfoort, Netherlands, 2000. u,-::_l- !
Handbf_)ok on life

Guinée ] B, Gorrée M, Heijungs R, et al.
cycle assessment. Operational guide to the [ISO standards. I:

[22]

(23]

[24]

[25]

Publishers, 2002.

Jolliet O, Margni M, Charles R, et al. IMPACT 2002 + : a new
life cycle impact assessment methodology[ J|. The International
Journal of Life Cycle Assessment, 2003, 8(6) : 324-330.
Rosenbaum R K, Bachmann T M, Gold L. S, et al. USEtox-The
UNEP-SETAC toxicity model; recommended characterisation
factors for human toxicity and freshwater ecotoxicity in life cycle
impact assessment [ J ]. The International Journal of Life Cycle
Assessment, 2008, 13(7) : 532-546.

Heijungs R. Sensitivity coefficients for matrix-based LCA[J].
The International Journal of Life Cycle Assessment, 2010, 15
(5):511-520.

P PRER . R BRI (WA Y o 2R o 14 2 T I £ B U R v
wrEREE [ D], I AP RHERY:, 2014,

Gao L X. Behavior of the impurities in recovery process of spent
lead-battery paste leaching with the citric acid and its impacts on
the battery performance [ D]. Wuhan; Huazhong University of
Science and Technology, 2014.
VR, SDES. R E P S AR LR
oAb T e R (R RRE ) | 2014, 413951 140
Pan ] Q, Bian ¥ R. Development and current 'siltd;tioﬁ-of the
recovery techrf()-]ogy for lead'acid batteries[ J]. Jot'lrna,l FBeijing
University ofz:themical Teehnology ( Natural Sei;ng‘é;-. , 2014, 41
(3): e, \ W 4

b | dr -




HUANJING KEXUE Vol.38  No.8

Environmental Science ( monthly) Aug. 15, 2017

CONTENTS

Evaluation and Development of a Weighing Chamber by Using Saturated MgCl, Solution «+++++eseseeseereesssesimmenenininenenninienien LI Xiao-xiao, ZHANG Qiang, DENG Jian-guo, et al. (3095
ZHANG Jin-sheng, WU Jian-hui, MA Xian, et al. (3102
++ GU Ai-jun, LIU Jia-shu, LUO Shi-peng, et al. (3110
JU Yuan-li, LIU Pan-liang, YU Zhou-suo, et al. (3120
WANG Shi-hao, ZHANG Kai, CHAI Fa-he, et al. (3130
+ XU Min, HE Wan-ging, NIE Lei, et al. (3139
Exhaust Emission Characteristics of Typical Alkanes from Heavy-Duty Diesel Vehicles Based on a Portable Emission Measurement System s«+seeseessesesesereresiemieneniimininininn
......................................................................................................................................................... SHI Chun-zhen, HAO Xue-wei, SHEN Xian-bao, et al. (3146
PM, ) Concentration Forecasting Model Based on Wavelet-SVM ««+++restererreeresrssrnrssicnnnnineitss e WANG Ping, ZHANG Hong, QIN Zuo-dong, et al. (3153
Emission Factors and Preliminary Emission Estimates of Air Pollutants from Ships at Berth in the Guangzhou Port »«+:++:+ssereeveee HUANG Xue-liang, ZHANG Zhou, YANG Wei-giang, et al. (3162

Characteristics Research on Carbonaceous Component of Particulate Matter Emitted from Tron and Steel Industry

Pollution Characteristics and Source Identification of PAHs in Atmospheric PM, s in Changzhou City -+

Atmospheric Dry Deposition Fluxes and Sources of Polycyclic Aromatic Hydrocarbons in Lanzhou Valley, Northwest China

Characteristics and Sources of Elements in Atmospheric Dust Fall in Zhuzhou City, Central China

)
)
)
)
)
)

Atmospheric Pollutant Emission Characteristics from the Cooking Process of Traditional Beijing Roast Duck

)
)
)
Influence of Dust Events on the Concentration and Size Distribution of Microorganisms in Bioaerosols —««+s«+sessessesseessenseneneninenenssenns LI Hong-tao, Qi jian-hua, DONG Li-jie, et al. (3169)
LU Hui-jie (3178)
)
)
)
)
)

Odor Emission Characteristics and Pollution Evaluation from Typical Household Rubbish Disposal Facilities

ZHANG Ming, TANG Fang-liang, YU Ya-yun, et al. (3185
Fluorescence Characterization of Fractionated Colloids in Wastewaters Received by Huangpu River ««+s«ssessesesesereneneniencnenininicnenn NIE Ming-hua, YAN Cai-xia, YANG Yi, et al. (3192

Perfluorinated Compounds in Snow from Downtown Hangzhou, China

ZHAO Hai-juan, XIAO Qiong, WU Xia, et al. (3200
WU Fei-hong, PU Jun-bing, LI Jian-hong, et al. (3209

++ XU Mei-juan, TONG Gui-hua, SUN Dan, et al. (3218

Comparison of Identification Methods of Main Component Hydrochemical Anomalies in Groundwater; A Case Study of Liujiang Basin ««+«sseseereerseessenenennienienensnnininnsinnee

+ ZHANG Xiao-wen, HE Jiang-tao, PENG Cong, et al. (3225)

Sources of Organic Carbon in the Surface Water of Lijiang River

Impacts of Thermal Stratification on the Hydrochemistry and Dissolved Inorganic Carbon in a Typical Karst Reservoir in Summer

Comparison of Heavy Metal Contamination Characteristics in Surface Water in Different Functional Areas: A Case Study of Ningbo -

Biotic and Abiotic Uptake of Phosphorus in Benthic Sediments of Suburban Streams Under Intense Human Disturbance Scenario +:«+xeovesveseeseeees LI Ru-zhong, YE Zhou, GAO Su-di, et al. (3235)
Sedimentary Phosphorus Speciation in the Coastal Hypoxic Area of Changjiang Estuary and lts Environmental Significance ««+:«+s+ssssesseseereens LIU Jun, ZANG Jia-ye, RAN Xiang-bin, et al. (3243)
Characteristics and the Relationship of Nitrogen and Phosphorus in Soil and Water of Different Land Use Types of a Small Watershed in the Three Gorges Reservoir Area -weoveeesesresneeeeees

............................................................................................................................................................ CHEN Cheng-long, GAO Ming, MU Zhi-jian, et al. (3254)
Characteristics of Carbon Transportation Under Rainfall Events and Associated Carbon Loss Evaluation in Loess Plateau, China; A Case Study of Yangjuangou Dam Watershed ««+:«+s+-seeeee

- E Xin-hui, WANG Ya-feng, GAO Yang, et al. (3264)
New Bromated Phenolic Disinfection Byproducts; Mechanism of Their Decomposition During Chlorination LI Huan, LI Zheng-kui, LI Ai-min, et al. (3273)
Effects of Algal Morphology and Al Species Distribution on the Coagulation-Ultrafiliration Process —«++s+ssseseersessesssssenenninenensinneniens ZHANG Da-wei, XU Hui, WANG Xi, et al. (3281)
Functional Group Characteristics of Planktonic Diatoms and Their Relationship with Environmental Factors in the Ruxi River ««+:tsesseeesereeneeeees XIANG Rong, LI Qiao-yu, YU Yi, et al. (3290)
Spatiotemporal Variations of Chlorophyll a and Tts Relationship to Environmental Factors in Shiyan Reservoir * SONG Yun-long, ZHANG Jin-song, Guo Xiao-ya, et al. (3302)
Rhizosphere Microbial Diversity in Different Wetland Microcosms WANG Lin, LI Bing, YU Jia-hui, et al. (3312)
Community Structure of Microorganisms and Iis Seasonal Variation in Beihai Lake ZHANG Ya-jie, LI Ke, ZHU Hao-ran, et al. (3319)
Analysis of Microbial Diversity in a Fluidized-Sand Biofilter Based on High-Throughput Sequencing Technology - ZHANG Hai-geng, SONG Hong-giao, GU Chuan-chuan, et al. (3330)
Analysis of High-efficiency Denitrifying Bacteria and Embedding Filler Performance and Microflora «+«+xsseseessersesssenemensiminenininniens MENG Ting, YANG Hong ( 3339)
Selection of Microalgae for Biofuel Using Municipal Wastewater as a Resource —««+sereeeeserensenseenemenensnininsinsinise s HAN Song-fang, JIN Wen-biao, TU Ren-jie, et al. (3347)
Purification Effect of Piggery Wastewater with Chlorella pyrenoidosa by Immobilized Biofilm-Attached Culture «+-+++++seseeeeeeeseereeeeees WANG Yuan-zhu, CHENG Peng-fei, LIU De-fu, et al. (3354)

Combination of Microbubble Catalytic Ozonation and Biological Process for Advanced Treatment of Biotreated Coal Chemical Waslewater —+:++sersesseresesereremieneneniinininiininenn
............................................................................................................................................................ LIU Chun, ZHOU Hong-zheng, ZHANG Jing, et al. (3362
Effect of pH Shock on Nitrogen Removal Performance of Marine Anaerobic Ammonium-Oxidizing Bacteria Treating Saline Wastewater ««+-++-++++- YU De-shuang, ZHOU Tong, LI Jin, et al. (3369
Removal of Nitrogen from Alcohol Wastewater by PN-ANAMMOX  xeeveeeeeeessensnsnesnninnenunmminsiiisiiissis s ZHOU Zheng, LIN Xing, WANG Fan, et al. (3377
Biorecovery of Palladium from Simulated Wastewaters and Its Catalytic Property for Methylene Blug «-«+«++x+esseesereereeesiercnenennne KANG Nai-xin, ZHU Neng-wu, GUO Wen-ying, et al. (3385
Investigation of Initiation and Shock Process of ANAMMOX Based on Color Space WANG Li-jun, LI Zhi-hua, HAN Dong, et al. (3393
Fast Start-up of Shortcut Nitrification in a CSTR and an MBR +++:eeereereens ZHANG Ting, WU Peng, SHEN Yao-liang, et al. (3399
WANYAN De-qing, HUANG Yong, BI Zhen, et al. (3406
WANG Fan, LIU Kai, LIN Xing, et al. (3415
*+ TAN Xiao, HUANG Liang, YANG Ping, et al. (3422
SUN Yan-fang, HAN Xiao-yu, ZHANG Shun-jun, et al. (3429

)
)
)
)
)
)
Conversion Pathways of Substrates in Sulfate-Reducing Ammonia Oxidation System )
Effect of Different TOC to NH,"-N Ratios on Nitrogen Removal Efficiency in the ANAMMOX Process «+++++++ )
Effects of Salinity on the Operation of EGSB Reactors and the Anaerobic Granular Sludge *++++++ )
Start-up of Granule CANON Process and the Strategy for Enhancing Total Nitrogen Removal Rate )
Effect of Extracellular Polymeric Substance (EPS) on the Adsorption of Perfluorooctane Sulfonate (PFOS) onto Activated Sludge »«+-++++++++++++ LIU Xin-tong, YIN Hua, PENG Hui, et al. (3435)
HU Lei, LIU Yun, ZHU Bo (3442)
)
)
)
)
)
)
)
)
)
)
)

Characteristics of N,0 and NO,, Emissions from Purple Soil Under Different Fertilization Regimes
Effect of Plastic Film Mulching on Methane Emission from a Vegetable Field

ZHANG Kai-li, HAO Qing-ju, FENG Di, et al. (3451

Responses of Soil Ammonia Oxidizers to Simulated Warming and Tncreased Precipitation in a Temperate Steppe of Tnner Mongolia «+++++++ ZHANG Cui-jing, SHEN Ju-pei, SUN Yiei, et al. (3463
Nitrification Activity and Autotrophic Nitrifiers in Long-term Fertilized Acidic Upland Soils ++++ XU Bai-lu, ZHONG Wen-hui, HUANG Qian-ru, et al. (3473
Effects of CaCO5 Application on Soil Microbial Nitrogen Cycle in an Acid Soil GUO An-ning, DUAN Gui-lan, ZHAO Zhong-qiu, et al. (3483
Responses of Extracellular Enzymes to Nitrogen Application in Rice of Various Ages with Rhizosphere and Bulk Soil = ««+-esseseereeeeneeees WEI Liang, TANG Zhen-zhu, ZHU Zhen-ke, et al. (3489
Variation in the Temperature Sensitivity of Surface Litter Respiration and Its Influencing Factors ZHANG Yan-jun (3497

Magnetic Properties of Farmland Soils in Arid Regions in Northwest China and Their Environmental Implications + WANG Xin, XIA Dun-sheng, WANG Bo, et al. (3507
Preparation of Magnetic Biomass Carbon by Thermal Decomposition of Siderite Driven by Wheat Straw and lts Adsorption on Cadmium -+ ZHANG Ru-yu, LIU Hai-bo, ZOU Xue-hua, et al. (3519
Effects of Traffic-related Air Pollution Exposure on DNA Methylation +++ WANG Ting, DING Rui, HUANG Dan-ni, et al. (3529
Effects of Exogenous Microorganism Inoculation on Efficiency and Bacterial Community Structure of Sludge Composting - YANG Ping-ping, YIN Hua, PENG Hui, et al. (3536
Life Cycle Assessment of Traction Lead-acid Batteries for Electric Bikes in China LIU Wet, TIAN Jin-ping, CHEN Lii-jun (3544






