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Degradation of Carbendazim in Paddy Soil and the Influencing Factors

XIAO Wen-dan, YANG Xiao-e, LI Ting-qiang

(Key Laboratory of Environment Remediation and Ecological Health, Ministry of Education, College of Environmental and Resource
Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: The influences of microorganism, soil moisture and cadmium ( Cd) on degradation of carbendazim in paddy soil were
investigated with laboratory microcosm experiments. The results showed that the half-life of carbendazim (5.0 mg-kg™'and 10.0
mg-kg™") in sterilized soils was 12.6-13. 8 times of those in non-sterilized soils. The half-life of carbendazim was decreased by
32.1%-37. 1% when the soils were inoculated with carbendazim-degrading strains. When the soil moisture was increased from 40% to
60% or 80% of water holding capacity, the half life of carbendazim was decreased by 46. 2% or 74. 0% , respectively. Low level of Cd
(5 mg-kg™") enhanced the degradation of carbendazim in soils with half-life time decreased by 32. 1% -52. 4% , but high level of Cd
(50 mg-kg™') inhibited the degradation of carbendazim in soils with half-life time increased by 92.6%-103.0%. For the soils
inoculated with carbendazim-degrading strains, the half life of carbendazim was decreased by 34. 0% -34. 4% with the addition of low
level of Cd (5.0 mg-kg™"), while the half life time was increased by 74.4%-109. 4% with the addition of high level of Cd (50
mg-kg ™' ). The results demonstrate that indigenous microorganisms is a critical factor that influences carbendazim degradation in soils,
and that carbendazim-degrading strains, high soil moisture and low Cd level enhance the degradation of carbendazim.

Key words : carbendazim; degradation; carbendazim degrading bacteria; soil moisture; cadmium
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Table 1 ~ Physical and chemical properties of the soil used in this study
pH (H,0) AHUR/mg-kg ™' BHES 734kt / cmol « kg ™! BA/g kg™ B/ g kg ™! B/ g kg ! FBf/mg kg ™!
5.3+0.03 19.87 +£0. 35 14.66 +0.03 1.77 £0. 02 4.15+0.11 1.58 £0.02 1.10 £0.01

1.4 ZHERNETE

FRELS ¢ +AET 100 mL HZE= AT, inA 20
mL YRS 2 h, #4530 min, F A G - hog 7
Fi 5 mL B R AR 3 K, A IR T 250 mL jiE
ZEM, BT 50°C /KB e s =0 T, B B2 2
% 5 mL,ff HPLC K.

HPLC ¥ 2514 . Eclipse XDB-C18 #5:[4.6 mm
(id) x150 mm] JKife 5 wm; Vi shAH . B 7K (35:
65); W :0. 8 mL-min~"; KK 281 nm; HEEE
.10 pl; HEIR . EE; ZEA B2, 7 min.
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5, RIS A e 22 P R iy e, [mljiese
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1.5 SLEiit
1.5.1 AR 20 R B Eh S 52
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mg-kg ™) BRI IRE 3 A, 0 OKE +;
QAR KB+, A KT B AR K 1, A
BT, K EHERAE 121°C,1. 1 kgeem K7
T IRIERCK B 3 Uk, BRI KT 30 min, BEAR BB INA
HAN10° CFU-g ' B 3 A EE. A&
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1.5.3  Cd XF Z 5 2 B sh A 52
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mg-kg ™) Y HHEF HR RN Cd AR DL R T
I 16 1 1 22 B R R R 1B R 6 41, 43 31k (D
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t Cd FRINHBE 9 5.0 me-keg ™", JILA K I R 1
@K cd Bk 4 50.0 mg-kg ™', T A K%
B TR ; DCd AR, TEAMEIR N Cd, in A £ 1 2 B
fRH; @ Cd RINHIE R 5.0 mg-kg ™', A
ZWRBEMR; © L8 Cd Bk &k 50.0
mg-kg ' A Z T R AR A, INAGE & IS K, (il

3 KBk Al KRR K R Y 60% |, B Ab B
3IAESE. HFANRE 1 mm 15 /LI T 4%
AR TN TARRAE (25 £1) CRRESR 1
AR 1,51 7.

2 HRE5H

2.1 ZHABINEMCR

Z 1R RAE ST 0 el A A S R A
W3 2. 2 RAE L HEP W IR B 0k 1.0
mg-kg ' F110.0 mg-kg ™", YA 1Y - 254 Jin =D iR
1 86.1% ~92.5% ,F 5 ZEN 2.4% ~2.9% , fix
AR N 0.1 mg-kg ™", B EW HIFEH L HR
(L BT TR B A2 5% B e BT 250K

£2 SEHRELHETFHRMERENERRY

Table 2 Recovery and variation coefficient of carbendazim spiked in soil

MK/ mg-kg ™! SEH IR % 5 RB %
1.0 86. 1 2.4
10.0 92.5 2.9

T T+ 8 rh 22 TR R A sh 2 1) 5
K AR (I R A v ) Al KR (n e
i) LI 2 R (5 mg-kg ™ A1 10 mg-kg™")
REMRAFTEINIE 1 s, KB 3 rh 2 1 R AR IR

2.2

10
S [CVRi77.3::4 (b) BikE
9L
4 b gk
T - K JL
W 3k -0 RKH(KIFH)
8 A R (IR B
i 6
¥
% 2 | sk
N
4 L
1 —
3 L
0 1 ! 1 1 1 1 2 1 1 | 1 | 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
e} [r)/d B il /d
TR /mg-kg! b13:] C3 I YiF P R e 523 101
RE y = 4.766 1¢(0-004708%) 0.0001  0.9040 137.05
5 KB (KIEH) 3 = 4.484 3¢(70.053689%) 0.0001 09572 10.88
LR (IR ) y=4.3321¢(0.0803930) 0.0001 09437 6.84
KHE ¥ =9.5227¢(0:0041829) 0.0001 09248 154.05
10 R E CRIEH) ¥ =9.0719¢(0:-036 145%) 0.0001 0.9169 16.48
R (BB 3= 8.767 4¢(0.0502039) 0.0003 09055 11.19
E1 MEYTEFSERERNSNZIN

Fig. 1

Effects of microorganisms on the degradation of carbendazim in soil
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2.3 FKEXT I 2T R R S R R HE AR,
10
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9 —
- 40%
4~ -0~ 60%
D" —A- 80% 8-
X
£ 7
S 3 — ~
5
® 6
" o, L
&R sk
1 4
3 -
0 1 1 1 1 1 1 1 1 1 1 1 L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
i fk)/d A IR)/d
WK BE /mg-kg™! Aba Wefgah ) R P R? PP
40% MHEKE y =4.759 60036 4172) 0.000 1 0.9834 17.68
5 60% HiHj#FKE v =4.484 3¢(70.053 68%) 0.0001 0.9572 10.88
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Fig. 2 Effects of soil moisture on the degradation of carbendazim in soil

2.4 Cd Xf b 25 RREH DS 5
TETINAFEHEE Cd (0, 5 F150 mg-kg™") 1)+
Herh Z 0 RN B RAFAE N 3 B R, 28 d 5, 7ETR
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Me=che”
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Fig. 3 Effects of Cd on the degradation of carbendazim in soil

3 itig
3.1 AT b 2 R RS RN

Z W RAE 3P B B LR A YRR AR B
fife ) S BN Q- AT R AR IR . £
P R IRE R AN E 4 BN, B ek il 2- 2 3K
FEWKIE SR J5 L AL K 2-F8 R T R | I S K
WRIRFT - 1E— 4 A BEAR 2R e 2 21 R A ik
Yk RIS oAb/, ot B R KA

AN 2 (S8 e W TR ) AT SN o Ga B 7 0 )
PR - e B8 22 TR SRR R A, {22 TR R A - P Y
BA B TR AR RSP AR, M A i R AR
YIS YRR AR R E T PR B A 2y 2
O R IUA AR R R B W A A RE SR
TR LR R, IR S R 2R Y i
FEWINAR K B Y 4 ~ 0 5. BN e aF " R B
Tl AR o0t S8 P U i P I i 36 A S0 5 R ), E
JIER: S8 P U T ) 26 i, o - S8 v SOUR T S i B



3988 %Ok

B 3B

PR TI AR, 2K BT~ 18 U o ) e~ 3 0 D AR K
B S XU T A ST 5 ~ 7 A

H
N
)~ NHCOOCH;
N
H
N
)-OH
N

4 SERBEERE

Fig. 4 Degradation pathway of carbendazim

AP IEAS N A T T LA 2 i R - e rh 2 TR R
(i e fige 12220 S it 14 52 4 BT IR BE A A b R A
TP Z R R O B E A HETs SRR
REAMEE JE Pseudomonas sp- A M 8 Bacillus
subtilis REA WM HHEh I 2 R0 FER AN
W Pseudomonas sp. WIVERIF , Z TR R YA A8 A
RS ARIR gy rp a2 R T K
I 2-FRIEFETE k) 4 A R R B R =2 1A
AR A DI ] A1 S 3 i A 245 55 BT e, R %
TR, W ) T 785 G 30 55 b i oy 0 34
R

AR, F R B Z W R (10.0 mg-kg™") 1Y
L B R TR E 23 R (5.0 mg-kg™") 12§
S, 3K AT BE A R TR R R 22 R A T
AT, BEAR T R B R+
e v Tk 22 T R R LU TRV Y A
3.2 EKEXS 2 R B S R

MG A5, 75— 1Y 3R B YO Fl N B
MRS, 2 T R TE s b A R . R LR
IR IR, A — B R LN B
MR R, £ ) W e R 7E g P o
WA g, A3 Hr I R AT BE R, AT Y T R A R T
I W A A R BB, DA TR A 245 14 A= P e
it T 7R eI BT, R T DL +
RSB | AR I i AL 25 IR TR DL e 2
)R A I B R A0 35k S Xt A 24 Y A oA T
REAT — & 2. 22T R I 0 W I ik o AR A 45 7K
fife . FHEAL . TFERAEAE ] 5 2, 2 R e = Y
s, % T K il 2 T R REZ 8 m, K Th i OH -
5 A AR AT R R A i = 3 fim DT A 22 T 2R ) i
R
3.3 Cd XF 2w R FE A S 25 1

WL RN, TEie 2 A Z 1 R R
WIER) CA(5.0 mg-kg ") Xl 435 v 22 1 R ) [

HCOOCH;

H
. N
)-NH,
N
EI . E:[
N NH,

H

i, T RS AT Cd(50. 0 mg-kg ™) T2+ HErh £
RIGFESE. AMGETS o Cd> XA B A 2
ARBER, 2 cd® R BN 50 mg- LA,
TEOA I BN AN B A A KL I, Cd Xt 2 R
it 1 52 e P BE S5 R E A G IR Y Cd {2
HE - Sl Wi A NP A 358 e 22 R R Y R
fiff, T R MR BT Cd 307k 3B A i A, AT
AP ZHE RIS, BAh, Cd X ZH R
- e R A A S T BE S B I P Z R
Rfi A, Li SR R L 7 Cd 52 R
HAFHRELLT , Cd etk T 38 v Z2 78 52 (W B, IF:
HAE Cd5 ~50 mg-kg ' (VLRI BEE Cd ¥R Y2
1o, F 22 B R W R ) A2 R R R 3, IR T A T BB
A Z T R B AR 2

3 v A S R A W R AR S e ) 22 T R
fift R X Cd A — @ Ptk 78 Cd (5 mg-kg™') b B
T, ZHA MMM EE RS, N ELHRA S E S
J& B A TG e i) e Bk xR 4 s A T £
WREME, M ZHRBEE Z LCEZ. Pepper
S GEEXT Cd A B A SRR R I i T R 1E
HAMREHIRA Cd B A15 % 1. TEMRIRE Cd
MEZW AL AT YR HET, Cd 2k 2 3 2 1 %
fife, H HLAE I A Z 0 R B ff AT o s S it 2
TR 72 8 i B8 0E— 20 e, i AZEAR MR B Cd &
WRE AT Y e rp, 808 5 0 5 A5 T
Cd [T, SR, fE MR E Cd MEZERE AT
et LI FIEA: D30]I AP 5
FIT LA Cd 5 2 5 R 546 52 #0605 AL

4 it

WA EE R H Y . R A+
Cd Y BEXT 22 TR R B A 250 A0 AN TRl R B2 A 52 ). A
JT A AL B KB AR K B IR A, Z R
Rl AR Tt K, T L R AR W S i 2 7R
RGN EERNE, £ 2 W RGBT 54 1T 2
A7, Sk I Y 22 TR R B Al 1R-52 6 D) RE T L g
ARSI Z R R 3 2RO A D
EMRIEER. X R E Y AR B DL AR
T PEA RE R Y A5 PR -t 2 5 ) 22 1 2 AR A 1Y) i 22
PR, s o ) - 00 B R Mk BE 1Y Cd %o 384
AP AR A IR BEAE T B b 5 L0 P S A E T
e Z TR R AR, R Z .

B WL R AR 2] 5 R # B T R =
DRI R A 5T SR AL 22 T R R AT, 7 L 3R Bl



11 34

H SCPHE . 22T RAEAR 9 ) e fige S i [R5

3989

S 3k

[1]

[2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ARE, fLik, mifBfe, & RIS W SR B LY
(1], FRBERLE2ER, 2011, 31(5) ; 1045-1050.

Boudina A, Emmelin C, Baahiouamer A, et al. Photochemical
behaviour of carbendazim in aqueous solution[ J]. Chemosphere,
2003, 50(5) : 649-655.

YuY L, Chu X Q, Pang G H, et al. Effects of repeated
applications of fungicide carbendazim on its persistence and
microbial community in soil [ J]. Journal of Environmental
Sciences, 2009, 21(2) : 179-185.

Reisinger K, Szigeti J, Varnagy L. Determination of carbendazim
residues in the eggs, liver and pectoral muscle of Japanese quail
( Coturnix coturnix japonica) [ J]. Acta Veterinaria Hungarica,
2006, 54(1): 127-133.

Akbarsha M A, Kadalmani B, Girija R, et al. Spermatotoxic

effect of carbendazim [ J ].

Biology, 2001, 39(9) ; 921-924.

Indian Journal of Experimental

Singhal L K, Bagga S, Kumar R, et al. Down regulation of
humoral in chickens due to carbendazim [ J ].
Toxicology in Vitro, 2003, 17(5-6) : 687-692.

TrUErfy. RATE LTI HIEAT R T]. RABFEHER,
1999, (H#4H) : 12-16.

immunity

Burrows L. A, Edwards C A. The use of integrated soil
microcosms to assess the impact of carbendazim on soil ecosystems
[J]. Ecotoxicology, 2004, 13(1-2) : 143-161.

Torstensson L., Wessén B. Interactions between the fungicide
benomyl and soil microorganisms [ J ]. Soil Biology and
Biochemistry, 1984, 16(5) ; 445-452.
Thapar S, Bhushan R, Mathur R P.

Degradation  of

organophosphorus  and carbamate pesticides in soils-HPLC
determination| J ]. Biomedical Chromatography, 1995, 9 (1)
18-22.

Pattanasupong A, Nagase H, Sugimoto E, et al. Degradation of
carbendazim and 2, 4-dichlorophenoxyacetic acid by immobilized
consortium on Loofa Sponge [ J ]. Journal of Bioscience and
Bioengineering, 2004, 98(1) . 28-33.

Fang H, Wang Y Q, Gao C M, et al. Isolation and
characterization of Pseudomonas sp. CBW capable of degrading
carbendazim[ J]. Biodegradation, 2010, 21(6) : 939-946.
Zhang L Z, Qiao X W, Ma L P. Influence of environmental
factors on degradation of carbendazim by Bacillus pumilus strain
NY97-1[J]. International Journal of Environment and Pollution
2009, 38(3): 309-317.

Wang Z C, Xu J L, Li Y, et al. Rhodococcus jialingiae sp. nov. ,
an actinobacterium isolated from sludge of a carbendazim wastewater
treatment facility [ J ].
Evolutionary Microbiology, 2010, 60(2) : 378-381.

Zhang G S, Jia X M, Cheng T F, et al.

International Journal of Systematic and

Isolation and
characterization of a new carbendazim-degrading Ralstonia sp.
strain[ J]. World Journal of Microbiology and Biotechnology,
2005, 21(3) : 265-269.

A, BRIE. T2-2 TR 278 2 M AR 1 B A A8 ik
)], MUEREH, 2009, 49(7) ; 925-930.

[17]

[19]

[20]

[21]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Helweg A. Degradation and adsorption of carbendazim and 2-
aminobenzimidazole in soil[ J]. Pesticide Science, 1977, 8(1) :
71-78.
Thawornchaisit U, Polprasert C. Evaluation of phosphate
fertilizers for the stabilization of cadmium in highly contaminated
soils[ J]. Journal of Hazardous Materials, 2009, 165 (1-3):
1109-1113.

Muchuweti M, Birkett J] W, Chinyanga E, et al. Heavy metal
content of vegetables irrigated with mixtures of wastewater and
sewage sludge in Zimbabwe: implications for human health[ J].
Agriculture, Ecosystems & Environment, 2006, 112 (1) 41-
48.

Li X H, Zhou Q X, Wei S H, et al. Adsorption and desorption
of carbendazim and cadmium in typical soils in northeastern
China as affected by temperature[ J]. Geoderma, 2011, 160 (3-
4) . 347-354.

Mazellier P, Leroy é, Legube B. Photochemical behavior of the
fungicide carbendazim in dilute aqueous solution[ J]. Journal of
Photochemistry and Photobiology A; Chemistry, 2002, 153 ( 1-
3):221-227.

Virag D, Kiss A. Photostability and photodegradation pathways of
distinctive pesticides [ J ]. Journal of Environmental Quality,
2009, 38(1): 157-163.

R, Felehs, T#e, . CRMHAE IR B R i R A K
HEWRE T[], A FREERF 2284k, 2004, 23(5) -
1025-1029.

WY, Bk, FRIETC. RUR 7R A FH 398 v o e fige 1 G
PP )], RHEE R, 2006, 37(3) : 569-572.

Xu J L, Gu XY, Shen B, et al. Isolation and characterization of
a carbendazim-degrading Rhodococcus sp. djl- 6 [ J]. Current
Microbiology, 2006, 53(1) : 72-76.

Wang Z C, Wang Y Y, Gong F F, et al. Biodegradation of
carbendazim by a novel actinobacterium Rhodococcus jialingiae
djl-6-2[J]. Chemosphere, 2010, 81(5) : 639-644.

EBAR, FR¥, B, RGNMEDERLGR)]. B
TIA—ARBREZR, 2005, 17(2) ; 18-22.

Wang Y S, Huang Y J, Chen W C, et al. Effect of carbendazim
and pencycuron on soil bacterial community [ J]. Journal of
Hazardous Materials, 2009, 172(1) ; 84-91.

PRILHE, AFIR, RN, 45 EORZEEFTE LY-4 X L
RHPRAIFEML)]. T EFRSERE, 2000, 20(6) : 511-
514.

Ingerslev F, Toriing L, Loke M L, et al. Primary biodegradation
of veterinary antibiotics in aerobic and anaerobic surface water
simulation systems[ J]. Chemosphere, 2001, 44(4) ; 865-872.
DT, o, ARZGTE LI AT N RF R[], R
53R, 2002, 11(1) ; 94-97.

B L, DAL Cd X F 3 S TR A A A Y i A B
P[T]. A28, 2005, 14(6) : 865-869.

Pepper I L, Gentry T J, Newby D T, et al. The role of cell
bioaugmentation and gene bioaugmentation in the remediation of
co-contaminated soils [ J]. Environmental Health Perspectives,

2002, 110(6) : 943-946.



HUANJING KEXUE Vol.33  No. 11

Environmental Science ( monthly) Nov. 15, 2012

CONTENTS

Characteristics of Atmospheric NO, in the Beijing-Tianjin-Hebei Region and the Yangtze River Delta Analyzed by Satellite and Ground Observations -+ WANG Ying, LI Ling-jun, LIU Yang ( 3685 )
Variation Analysis of Background Atmospheric Pollutants in North China During the Summer of 2008 to 2011 ++«+ssseesseresseserseneneneniens YANG Jun-yi, XIN Jin-yuan, JI Dong-sheng, et al. (3693 )
Characteristics of Atmospheric Pollutants in Cangzhou +:++ssssetseseserensnmsimnieneniii e WANG Yong-hong, HU Bo, WANG Yue-si, et al. (3705)
Chemical Characteristics and Sources of Trace Metals in Precipitation Collected from a Typical Industrial City in Northern China -+ LI Yue-mei, PAN Yue-peng, WANG Yue-si, et al. (3712)
BTX Monitoring Nearby Main Road Traffic in Guangzhou «+:«+sesseseesresssmssssiemenenenninineini s YE Cong-lei, XIE Pin-hua, QIN Min, et ol. (3718)
Dynamic Road Vehicle Emission Inventory Simulation Study Based on Real Time Traffic Information ««e«eeeeeereresvesesenennssnennenes HUANG Cheng, LIU Juan, CHEN Chang-hong, et al. (3725)
Emission Characteristics of a Diesel Car Fueled with Coal Based Fischer-Tropsch (F-T) Diesel and Fossil Diesel Blends -«+-«+«++s+esexese2 HU Zhi-yuan, CHENG Liang, TAN Pi-qiang, et al. (3733)
Spatial Variations of Biogenic Elements in Coastal Wetland Sediments of the Jiulong River Estuary -+ YU Xiao-qing, YANG Jun, LIU Le-mian, et al. (3739)
Spatio-Temporal Distribution of TN and TP in Water and Evaluation of Eutrophic State of Lake Nansi SHU Feng-yue, LIU Yu-pei, ZHAO Ying, et al. (3748 )
Impact on Nitrogen and Phosphorous Export of Wetlands in Tianmu Lake Watershed LI Zhao-fu, LIU Hong-yu, LI Heng-peng ( 3753 )
Nitrogen and Phosphorus Composition in Urban Runoff from the New Development Area in Beijing =+ LI Li-ging, LU Shu-cong, ZHU Ren-xiao, et al. (3760)
Distribution and Sources of Arsenic in Yangzonghai Lake, China -+ ZHANG Yu-xi, XIANG Xiao-ping, ZHANG Ying, et al. (3768 )
Occurrence of Fecal Indicator Bacteria in Urban Surface Water; A Case Study in Southern China SUN Fu, SHA Jing, LIU Yan-hua (3778 )
Vertical Migration of Algal Cells in the Daning River Bay of the Three Gorges Reservoir ZHANG Yong-sheng, ZHENG Bing-hui, JIANG Xia, et al. (3787)
Construct of Yangtze-Huai River Rural Areas Ecological Drainage System and Iis Retention Effect on Pollutants —«++eseesesesesrssesesssssisnnenen SHAN Bao-qing, LI Nan, TANG Wen-zhong ( 3797)
Water Treatment Efficiency of Constructed Wetland Plant-Bed/Ditch Systems + WANG Zhong-giong, ZHANG Rong-bin, CHEN Qing-hua, et al. (3804)
Effect of the Subsurface Constructed Wetland Evolution into Free Surface Flow Constructed Wetland on the Removal of Organic Matter, Nitrogen, and Phosphor in Wastewater »«+«+«ssc-sese-
WEI Ze-jun, XIE Jian-ping, HUANG Yu-ming ( 3812)
Treatment Characteristics of Saline Domestic Wastewater by Constructed Wetland GAO Feng, YANG Zhao-hui, LI Chen, et al. (3820)
Degradation of B-Naphthol by Catalytic Wet Air Oxidation LIU Jie, YU Chao-ying, ZHAO Pei-qing, et al. (3826)
Degradation of 2 ,4-Dichlorophenol in Aqueous Solution by ZVI/EDDS/Air System -+ SUN Qian, ZHOU Hai-yan, CAO Meng-hua, et al. (3833)
Study on Photocatalytic Degradation of 1,2,3-Trichlorobenzene Using the Microwaved MWNTs/Ti0,, Composite SHI Zhou, ZHANG Qian, ZHANG Wei, et al. ( 3840)
Mechanism of Cr( VI) Removal from Aqueous Solution Using Biochar Promoted by Humic Acid - DING Wen-chuan, TIAN Xiu-mei, WANG Ding-yong, et al. ( 3847)
Research on the Treatment of Wastewater Containing PVA by Ozonation-Activated Sludge Process XING Xiao-giong, HUANG Cheng-lan, LIU Min, et al. (3854 )
Effects of Composite Substrates on the Phosphorus Removal in Granule-based EBPR System and Iis Optimization Experiment +++++++++- XU Shao-juan, SUN Pei-de, ZHENG Xiong-liu, et al. (3859)
Research of Input Water Ratio’s Impact on the Quality of Effluent Water from Hydrolysis Reactor — «+:eseeeeressenssesienenenneinienen LIANG Kang-giang, XIONG Ya, QI Mao-rong, et al. (3868 )
Evolution of Leachate Quantity and Quality in the Anaerobic-semiaerobic Bioreactor Landfill : HAN Zhi-yong, LIU Dan, LI Qi-bin, et al. (3873)
National Survey of Urhan Sewage Reuse in China GUO Yu-jie, WANG Xue-chao, ZHOU Zhen-min (3881 )
Sorption and Desorption of 17a-Ethinyl Estradiol and 4-n-Nonylphenol in Soil JIANG Lu, WANG Ji-hua, LI Jian-zhong, et al. (3885)
Soil Organic Carbon Mineralization of Black Locust Forest in the Deep Soil Layer of the Hilly Region of the Loess Plateau, China MA Xin-xin, XU Ming-xiang, YANG Kai ( 3893 )
Effects of Soil Crusts on Surface Hydrology in the Semiarid Loess Hilly Area -+ WEI Wei, WEN Zhi, CHEN Li-ding, et al. (3901 )
Environmental Factors on Distribution of Polycyclic Aromatic Hydrocarbons in Soils from Dashiwei Karst Giant Doline ( Tiankeng) in Guangxi, China «+rereesereserseensmsensneninnsiinnenens
................................................................................................................................................... KONG Xiang-sheng, QI Shi-hua, JIANG Zhong-cheng, et al. ( 3905)
Investigation on Mechanism of Pyrite Oxidation in Acidic Solutions ««+«+«+ssserseesressensenssnmnienenentnint e WANG Nan, YI Xiao-yun, DANG Zhi, et al. (3916)
Monitoring of Water and Salt Transport in Silt and Sandy Soil During the Leaching Process FU Teng-fei, JIA Yong-gang, GUO Lei, et al. (3922)
Simulation on Remediation of Benzene Contaminated Groundwater by Air Sparging FAN Yan-ling, JIANG Lin,ZHANG Dan, et al. (3927)
Detecting the Cytotoxicities of Five Bisphenol A Analogues to the MCF-7 Human Breast Carcinoma Cell Line Through Different Endpoints «+ceseesrereeeserierensimeneninininenninene
............................................................................................................................................................ ZHANG Shuai-shuai, LIU Yan, LIU Shu-shen, et al. (3935)
Response of Copepod Community Characteristics to Environmental Factors in the Backshore Wetland of Expo Garden, Shanghai -+ CHEN Li-jing, WU Yan-fang, JING Yu-xiang, et al. (3941)
Isolation, Identification and Characterization of Halotolerant Petroleum-degrading Bacteria S WU Tao, XIE Wen-jun, YI Yan-li, et al. (3949)
Growth Kinetics and Phenol Degradation of Highly Efficient Phenol-degrading Ochrobactrum sp. CHI0 - CHEN Xiao-hua, WEI Gang, LIU Si-yuan, et al. (3956 )
Isolation of Aerobic Degrading Strains for TBBPA and the Properties of Biodegradation = +-«+s+setseessesesssnsimineniniinniinnenn QIAN Yan-yuan, LIU Li-li, YU Xiao-juan, et al. (3962)
Influences of Long-term Application of Organic and Inorganic Fertilizers on the Composition and Abundance of nirS-type Denitrifiers in Black Soil +++seererereeresremenennsisinniniiiennns

.................................................................................................................................... YIN Chang, FAN Fen-liang, LI Zhao-jun, et al. ( 3967)
Characteristics and Influencing Factors of Trichloroethylene Adsorption in Different Soil Types ++ HE Long, QIU Zhao-fu, LU Shu-guang, et al. (3976)
Degradation of Carbendazim in Paddy Soil and the Influencing Factors ««+«+eereereerersenmeescneneens XIAO Wen-dan, YANG Xiao-e, LI Ting-qiang ( 3983 )
Effects of Sulphur Compounds on the Volatile Characteristics of Heavy Metals in Fly Ash from the MSW and Sewage Sludge Co-combustion Plant During the Disposal Process with Higher

TEMPETALUTE +++++++++++414 40t LIU Jing-yong, SUN Shui-yu ( 3990)
Low-temperature Thermal Treatment of Dioxin in Medical Waste Fly Ash Under Unert Atmosphere JI Sha-sha, LI Xiao-dong,XU-Xu, et al. (3999 )
Hourly Measurement on Aerosol NH; and Gas NO, Emission in the Rice Field GONG Wei-wei, LUAN Sheng-ji ( 4006 )
Implementation of an Electronic Nose for Rapid Detection of Volatile Chloralkane and Chloroalkene WEN Xiao-gang, LIU Rui, CAI Qiang, et al. (4012)
Pilot Study on PAHs of the Atmosphere Around the Refuse Incineration Plant Based on the Technology of Passive Sampling - SUN Shao-ai, LI Yang, ZHOU Yi, et al. (4018)
Spatial Distribution and Pollution Source Identification of Agricultural Non-Point Source Pollution in Fujiang Watershed DING Xiao-wen, SHEN Zhen-yao ( 4025 )
Difference of P Content in Different Area Substrate of Constructed Wetland CAO Xue-ying, CHONG Yun-xiao, YU Guang-wei, et al. (4033)
Selective Detection of Viable Pathogenic Bacteria in Water Using Reverse Transcription Quantitative PCR LIN Yi-wen, LI Dan, WU Shu-xu, et al. (4040)
Formation of Disinfection By-products; Temperature Effect and Kinetic Modeling ZHANG Xiao-lu, YANG Hong-wei, WANG Xiao-mao, et al. (4046 )
A Novel Quantitative Approach to Study Dynamic Anaerobic Process at Micro Scale +«+sesseserersssesenensnsincniensnineieees ZHANG Zhong-liang, WU Jing, JIANG Jian-kai, et al. (4052)
Leaves of Platanus orientalis as the Carbon Source for Denitrification — «++++vssrerseressrssmmmminini XIONG Jian-feng, XU Hua, YAN Ning, et al. (4057)
Isolation, Charcaterization of an Anthracene Degrading Bacterium Martelella sp. AD-3 and Cloning of Dioxygenase Gene »«+e+eeseereeeess CUI Chang-zheng, FENG Tian-cai, YU Ya-qi, et al. (4062 )



4 KHAZ

BlES. RS ORGER [ NI

% F. (FEREEARY)
TENL FEAR EIE EZ252 HON
AOKE XEE BE BRET &
RFHAZ RS %2 Ak R R
| o9 W N W O BER

CGrMER=ZIE 6

w3

(HUANJING KEXUE)
(HA 1976 48 AT

2012411 H15 H 33% 21114

EHREERS

5 R A
JEsZa M4l
BokFE B

X

&

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)
Vol.33 No.11 Nov. 15, 2012

+ Z T EPER Superintended by Chinese Academy of Sciences
* B P EREEE S THEM I T Sponsored by Research Center for Eco-Environmental Sciences, Chinese
o3 7 ( [,‘J\;ﬁ%j]ufla):jjf?) Academy of Sciences
b BT R AR R 22 T 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R N7 R Protection
= School of Environment, Tsinghua University
* & KK oE
% B (R ) G E RS Editor-in -Chief OUYANG Zi-yuan
N A AR
. - = Edited by The Editorial Board of Environmental Science ( HUANJING
JEHUT 2871 {54 (3 3E X U B ’
I H
KEXUE
18 5 B ECERS 100085 ) T .
H1E 01062941102 01062849343 P. 0. Box 2871, Beijing 100085 , China
f’}:ﬁ.OlO 62849343’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—mai.l-hjkx@ reees. ac. en E-mail ;: hjkx@ rcees. ac. cn
http : //www. hjkx. ac. ¢n http://vwww. hjkx. ac. en
i BR 4 8 2 " it Published by Science Press
b A AR AL 16 2 16 Donghuangchenggen North Street,
H}ngﬁﬁ% . 100717 Beijing 100717 ,China
BN R 2 4T dvatdvakeEnky)— Printed by Beijing Bei Lin Printing House
% 1T 44 4 & K ik Distributed by Science Press
117 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT m Ab %@%ﬂﬁﬂm%% Domestic All Local Post Offices in China
.9[‘.._,\&?'_1' ':F‘ [Tfl Iﬂﬁ%@:ﬁﬁgjlé\/é§ Foreign China International Book Trading Corporation (Guoji
(63T 399 {5%6) Shudian) , P. 0. Box 399, Beijing 100044 , China
ISSN 0250-3301 Ny
nERS ., = . 2-821
HERETS 11.1895/X ENEEKS:
W E i 70. oofz ESEZITRS: M 205

EWSHhArFET




	01.pdf
	fm.pdf
	zm.pdf

	20121142.pdf
	03.pdf
	ym.pdf
	fd.pdf




