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Continuous Remediation of Heavy Metal Contaminated Soil by Co-Cropping

System Enhanced with Chelator

WEI Ze-bin' ,GUO Xiao-fang® , WU Qi-tang' , LONG Xin-xian'

(1. Key Laboratory of Soil Environment and Waste Reuse in Agriculture of Guangdong High Education Institutions, College of Natural
Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. School of Environment and Safety,
Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: In order to elucidate the continuous effectiveness of co-cropping system coupling with chelator enhancement in remediating
heavy metal contaminated soils and its environmental risk towards underground water, soil lysimeter (0.9 m x 0.9 m x 0.9 m)
experiments were conducted using a paddy soil affected by Pb and Zn mining in Lechang district of Guangdong Province, 7 successive
crops were conducted for about 2.5 vyears. The treatments included mono-crop of Sedum alfredii Hance ( Zn and Cd
hyperaccumulator ) , mono-crop of corn ( Zea mays, cv. Yunshi-5, a low-accumulating cultivar) , co-crop of S. alfredii and corn, and
co-crop + MC ( Mixture of Chelators, comprised of citric acid, monosodium glutamate waste liquid, EDTA and KCI with molar ratio of

" s0il). The changes of heavy metal concentrations in plants, soil and underground water

10:1:2:3 at the concentration of 5 mmol-kg~
were monitored. Results showed that the co-cropping system was suitable only in spring-summer seasons and significantly increased Zn
and Cd phytoextraction. In autumn-winter seasons, the growth of S. alfredii and its phytoextraction of Zn and Cd were reduced by co-
cropping and MC application. In total, the mono-crops of S. alfredii recorded a highest phytoextraction of Zn and Cd. However, the
greatest reduction of soil Zn, Cd and Pb was observed with the co-crop + MC treatment, the reduction rates were 28% , 50% , and
22% , respectively, relative to the initial soil metal content. The reduction of this treatment was mainly attributed to the downwards
leaching of metals to the subsoil caused by MC application. The continuous monitoring of leachates during 2. 5 year’s experiment also
revealed that the addition of MC increased heavy metal concentrations in the leaching water, but they did not significantly exceed the III
grade limits of the underground water standard of China.
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Table 1 ~ Selected properties of the soil used in this study

WiH B2 14 K2+
pH 6.59 0. 05 5.65 £0.03
AL Ky b/ FhRL % 24/46/30 42/36/22
TN/g kg ™" 2.61 0. 13 0.52 0. 07
TP/g-kg ™! 0.69 +0. 04 0. 64 0. 06
TK /g-kg ™! 11. 66 +0. 62 2.70 £0. 13
OM /g-kg ™! 38.68 +1.28 11.68 £0.76
¥ Fe /g-kg ™! 42.99 +1. 62 19.31 +0.51
M Zn/mg-kg ! 810 + 11 50.3 4.3
M Cd/mg-kg ™! 1.55 +0.02 0. 049 =0. 007
M Pb/mg-kg ! 861 £9 102 +15
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Table 2 Crop planting of 7 successive crops

IRMER BAELH ERR
UHL PR a] SRS st [] it st ] WEL AR E] WSS st 1)
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$2% 200849 A27 B 200943 A27 H,E# 1 em 2009 451 15 H %3 200849 A27 H 2009 41 A 17 H

- 2009 4-3 H 27 H,

(AR 2009 46 H 23 H

AU 2009410 14 H 201046 A 10 H

2010 465 A 29 H

2010 465 A 31 H

4
H55K
6 W
557 IR

2009 4£3 A 15 H

2009 47 H 8 H
2009 4£ 10 A 14 H
201043 A 10 H

2009 46 A 23 H

2009 4£10 H 6 H
2010 4£3 A 8 H
2010 456 A 17 H
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2.1 EXRUERMESESE
2.1.1  AS[EAE BN KAy 52 )
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Table 3 Yields of grains and shoots for Z. mays among different treatments/g- plot

-1

b FERL EN RE R
A5 — — 360.9+7.3 a
LR U EP 257.3 +63.8 b 718.5+81.8 b —
EF 342.8 £46.2 b 837.5+£85.5 b 255.2+12.8 b
R+ MC 661.4+84.2 a 1130.3+14.7 a 231.0+15.6 b

1) FhEE 2 3 R E S T « 5 HRYE Duncan K38 (P =0. 05) , [R5 BLAG AH R = BE O B0R T B B 25 5
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P RRPRL AT IR SO, A PR ALIE. A
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JeBt (GB 2762-2012) FHLERY) Cd BREHER A
0.1 mg-kg™" ,Pb AUBREE 0.2 mg-kg ™" ; TR DA AR

#E(GB 13078-2001) "' Cd 47 0.5 mg-kg ™" ,Pb 4 5.0
mg-kg ™' Zn BEAMIAG. XFIRLA B ARE, TR AERL AT
FAFEGEL FOKRZERFH Zn . Cd A Ph (1) F S 43
A 106.0 ~422.1, 0.219 ~1.429 F13.69 ~15.16
mg-kg ™' EIRTAPLILH Cd Al Ph (1 BRAEARIE(NY
525-2011; Cd, 3 mg-kg™'; Pb, 50 mg-kg™"; Zn,{&H
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Table 4 Range of concentration of Zn, Cd and Pb in the grains and stems of Z. mays under different treatments

Fiki Eif
JLER ab o H I FEE " ERee| FEE "
o » L ES S L 5 RA
/mg-kg /mg-kg /mg-kg /mg-kg
LR LIRS/ S 32.64 ~43.53 37.63 0.107 119.2 ~304.5 175.1 0.384
Zn £ 31.92 ~39.17 34.84 0.071 119.3 ~422.1 203.5 0.491
£/ + MC 29.53 ~37.62 33.31 0.083 106.0 ~403.3 180.3 0.555
LR UIESP/S 0.101 ~0.336 0.209 0.391 0.424 ~1.429 0.680 0.509
Cd EFp 0.103 ~0.464 0.250 0.596 0.363 ~1.409 0.844 0.460
Ef + MC 0.060 ~0.462 0.212 0.787 0.219 ~0.755 0.519 0.404
LR LRSS 0.068 ~0.317 0.226 0.430 3.69 ~9.315 6.03 0.335
Pb £ 0.046 ~0.777 0.299 0.888 4.47 ~13.11 6.92 0.443
£+ MC 0.222 ~0.567 0.347 0.364 5.37~15.16 7.96 0.456
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2.2.1 AFMHEX A s RAEYEMESES &
ipAL|

SSRGS [) b B 2 B S R 0 AR )
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RIGWFFEEE T SCER[ 17 ], X555 3 R PR AE A 2R B 5
K, EMIRAEEAS RGN T AR 5 K B ey
(), SRR R S RAH L, B R A PR 2R R
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35.8%. %53 KFMEIN R B st KA K T4 1

(28 ~35 g-plot "), AT BEHR PG YR 19 A A 5 =0 []
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+ MC AbHE) 7R e 5t R AE K A2 252, 7R B 5L R 1
AR R IE L A 55% DL (1), B AR 56 45
R IR 10 HAHE I R s R A K S22 21 E R/
sz T
R SRS Zn/Cd B & R AEY) , AR AL AR
SR b 4 S T LR 5, AS R FE
[N BN s L o N R/ € R
BIEE , MM MC $#25 TARM 5K Zn, Cd Al Pb
P, Ho Ak B G B K

x5 TRLEH4XHENFERANECESECENERRY

Table 5 Range of concentration of Zn, Cd and Pb of plant parts for S. alfredii under different treatments

ik uham zj‘im /iﬁfl SRR
BAFPFR 4023 ~8 820 6655 0. 350
Zn Efp 4703 ~ 11 807 8309 0.351
R+ MC 4578 ~11 451 7928 0.354
BAFPFCR 24.84 ~81.61 47. 60 0. 542
cd Efif 29.13 ~83.49 57.02 0.412
EFf + MC 25.96 ~72.39 47.68 0.399
BAFPR 15.79 ~35.45 25.63 0.331
Pb B 17.87 ~43.85 31.57 0.337
EFf + MC 12.43 ~37.49 28.29 0.393




TR ;AR R Ao A0 TG R T Y IR RSB R AR

4309

11
140 F a
120 b O3k 854K .
ab
- 100 b
2
5 80 +
% 60 + b
40} b
. ,/c
FH+MC = HRRE
551 YRS 2 RES AL ILSCIR[ 17 ] 5 5 3 YORIAELIN i) oy
2010 4F3 ~7 554 Y 2010 4F 10 H ~ J4E 6 A
E1 AELEFESERINEYNE
Fig. 1 Yields of plant parts for S. alfredii among different treatments
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Table 6 Zn, Cd and Pb uptake by plants under different treatments /mg-plot ~

1

S B2 PO HaW Mt
JLE  AbE (2008924{& ) (2008 4E 10 H ~ (20099?3&:‘7 ) (2009 4£ 10 A ~ (2008 4FE4 H ~
2009 43 1) 2010 46 1) 2010 46 )
BARPELR 153.1 +5.8b 1097 +63a 390. 8 +16. Oc 930. 3 +86. 5a 2571 +82a
7n LR LIRS S — — — — 108. 1 £22. 9¢
£ 270.1 %21.9a 641.8 £95. 6b 499.1 £31.0b 593.9 =151.9b 2087 £226ab
£+ MC 306.6 = 18. 7a 299.2 +106. 5¢ 618.6 +36.3a 384.2 £63. 4b 1718 +182b
BARPEER 0.882 +0. 129b 10.11 +1.51a 2.416 0. 169¢ 5.826 +0.273a 19.24 +1. 44a
cd B K — — — — 0. 430 £0. 068¢
£ 1.523 +0.091a 4.900 = 1. 134b 3.063 0. 113b 4.122 +0.950a 13.91 =1.99b
£+ MC 1.792 +0.307a 2.843 +1.385b 3.518 £0.007a 1.570 +0. 423b 9.977 +2.102b
BARPFR 0. 636 0. 033b 3.626 £0.394a 1.534 +0. 125b 3.968 +0. 626a 9.764 +0.288b
b LERUIE P S — — — — 3.987 +1.233¢
EFp 2.369 +0.043a 2.515 £0. 473ab 2.210 0. 142a 2.903 0. 761a 12.74 £0.72a
£+ MC 3.093 +0.497a 1.955 +0. 335b 2.267 +0.001a 3.017 0. 348a 15.03 0. 29a
1) Frh sl 3 WEE M T-ME « FrER, R4 Duncan K536 (P =0. 05) | [7]— G2 A5 HAT A ) 2 B0 O B0HE TG 8.2 22 53 b 5 K FhAE et 1)
FNYES R R B[R], BT 51 H A U Tk R B Bt , H G 7 IR R 4 0 B R U BN LT R 4 AR T SRR 7 R K
o EE 4 ) B B B
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SR AR IEA LA BTN B H S AR 1 S B IR A
(K 6), I AEEWE. HHE Zn F1 Cd &K
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Table 7 Total heavy metal contents of soil under different treatments /mg-kg ~!

Zn Cd Pb
I 1 45 BT = XIS e 1 4R W e n e
HFI R 815.8 +29.6 a 613.1+48.8 a 1.432 £0.013 a 1.282 £0.041 a 891.1+21.5 a 872.4 +46.4 a
LERUIESY S 781.6 £31.9 a 680.8 £26.0 a 1.423 £0.035 a 1.454 £0.080 a 888.9+12.8 a 844.4 +27.9 a
Efp 727.9 £47.2 a 677.2 £24.6 a 1.441 £0.099 a 1.420 £0. 106 a 829.2 +43.8 ab 869.0+43.8 a
EFp + MC 756.5 £41.4 a 579.3+£29.4 a 0.951 +£0.091 b 0.778 +0.014 b 754.5 +25.2° b 670.5+28.7 b

1) R8I 3 IE G YT IME « bR R4 Duncan K355 (P =0. 05) |, 5] 51 HAT AR IR 5= RE A Bodh 0 . 2 2 5=

2.4 AR IR IEXT LT K B R
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A EZE M T KR EFREN (GB/T 14848) Filff 2 T
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R e, e W M BE IR A B AR R
AT HARE K, o Zin Ve AT [ 520 T /K ARvET 1
mg- L~ R 22 T HI{E 0. 8 mg-L™"; Cd MF ik EEHy

0.007 3 mg-L~" KT E T /KAR1E 0. 01 mg-L7",
W& v T f 2% T4 0.006 mg-L~"; Pb i i HeEE N
0.053 mg-L ™", & T-[F 53 T 7K bR1fE 0.05 mg-L~",
KT 22 T 0. 075 mg-L~". RSB A FITES 2
EREIMB IR P E AR R E TR SIRAE A TN R
SELt FH TR 25 - 408 10 i B 61 5 B T 0 55 A G, ax sk
U122 ST o ) 12 e Sl ) I 731 0 R ER
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®8 AREAEBIRKNELBERE /mg-L~

Table 8 Heavy metal concentrations in leachates from deeper soil layer under different treatments/mg-L !

e Zn cd Ph
T EHME 5 5 RAL U EME FHME A2 5 FA ElEAs R SEHIE ALY
LRI E=SN 0.017 ~0.159  0.111 0. 430 0~0.0020  0.0007 1.07 0 ~0.022 0. 008 1.20
PARPT K 0.016 ~0.116  0.071 0. 451 0~0.0020  0.0007 1.16 0 ~0.034 0. 007 1.17
ESyil 0.014 ~0.094  0.060 0. 693 0~0.0020  0.0008 0. 831 0 ~0.025 0. 009 1.29
EHh +MC 0.113~0.477  0.231 0. 493 0~0.0073  0.0029 0. 833 0 ~0.053 0.032 0.532
R K ARAE T 1.0 0.01 0.05
T 22 1 0.8 0. 006 0.075
3 i G Wt A R B R K 32 20 B B R 00 T

S5 1 AR A R T ML, 25 1.5 a i35
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JEHE , FTBES T JZ S B A T e
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FETR)Z 3TN T 790 A 2 e 2R 28 T ok iy
&gt

55 AR ZE 1T ORR], & BAR 3 K AR
REFBHEARK ELEESE T BRI LT,
AR MIRBUR KT LR, SR RS KESR I
ARG TR EAY - M E S ERE. Bk
WME SR I A, MC K3 22 Wit AR R T A 5
KA LI Zn/Cd , H A R Tz b 3 (pH
6.59) H 4R BIREAR, 1 Hrh 2 48 (L5 Pb) 154
T3 FRR AT AT SRR DAY SRR A RESE I £ T
&JE (4N Cd, Zn A1 Ph) {54 LI RIEE.



11

TR - AR R A2 o A G R T Y RTS8 R AR

4311

S

4 i

(1)2.5 a fFLet¥ B S R W], A M 50

FAREALES ~7 AEMAEEGRIGR T L 7
TR Zn A1 Cd B OGR. SRMIERK A F=0, B
PR SRR K. BRI, B R0 7R 1y 57 KAk
PG Y A Zn Fl Cd B SRR R, = T AR
SRS EARER LSS + MC b HE.

(2) 13 Zn . Cd F1 Pb & & FEARIE B e K0

BRI+ MC AR B, 5558 46 (5 A LU I 0 06 2 20 531 o

28%

L 50% f122% 5 +IEE SRR, BE

S TRAESAMEN T ESENEZ TR

k.
(3)2.5 a W WEINZE SRR it iR A 2 A R

PR UE K 4 A W R (ELR W] R Ao R UK I 4%

PRt

SE 0k
[1] Wang QR, Dong Y, Cui Y, et al. Instances of soil and crop

[5]

[6]

[8]

heavy metal contamination in China [ J]. Soil and Sediment
Contamination, 2001, 10(5) ; 497-510.

Glass D J. Economic potential of phytoremediation [ A]. In:
Raskin [ Y A, Ensley B D (Eds. ). Phytoremediation of Toxic
Metals[ M]. John New York: Wiley & Sons, Inc., 2000. 15-
31.

Baker A ] M, McGrath S P, Reeves R D, et al. Metal
hyperaccumulator plants: a review of the ecology and physiology
of a biological resource for phytoremediation of metal-polluted
soils[ A]. In: Terry N, Banuelos G (Eds. ). Phytoremediation
of Contaminated Soil and Water [ M ]. Boca Raton, Florida:
Lewis Publisher, 2000. 85-107.

Robinson B H, Leblanc M, Petit D, et al. The potential of
Thlaspi caerulescens for phytoremediation of contaminated soils
[J]. Plant and Soil, 1998, 203 47-56.

Nowack B, Schulin R, Robinson B H. Critical assessment of
chelant-enhanced metal phytoextraction [ J ]. Environmental
Science & Technology, 2006, 40(17) . 5225-5232.

Lombi E, Zhao F J, Dunham S J, et al. Phytoremediation of
heavymetal-contaminated soils: natural hyperaccumulation versus
R
Environmental Quality, 2001, 30(6) : 1919-1926.
Meers E, Ruttens A, Hopgood M L, et al. Comparison of EDTA

and EDDS as

chemically enhanced phytoextraction Journal  of

potential  soil amendments for enhanced
phytoextraction of heavy metals [ J]. Chemosphere, 2005, 58
(8): 1011-102.

Romkens P, Bouwam L, Japenga J, et al. Potentials and
drawbacks of chelate-enhanced phytoremediation of soils [ J].
Environmental Pollution, 2002, 116 (1) : 109-121.

Chen Y H, Li X D, Shen Z G. Leaching and uptake of heavy

metals by ten different species of plants during an EDTA -assisted

[11]

[12]

[13]

[14]

[18]

[19]

[20]

phytoextraction process[ J|. Chemosphere, 2004, 57(3); 187-
196.

Tandy S, Bossart K, Mueller R, et al. Extraction of heavy metals
[T].
Environmental Science & Technology, 2004, 38(3) : 937-944.
SeJa s, AN, HHGE. Pem LR fin R E B AL
SMRA RN R [ P]. hE%H, 2103140098. 1,
2006.

Guo Z M, Wei Z B, Wu Q T, et al.

from soils using biodegradable chelating agents

Chelator-enhanced
phytoextraction coupling with soil washing to remediate multiple-
metals-contaminated soils[ J]. Practice Periodical of Hazardous,
Toxic, and Radioactive Waste Management, 2008, 12(3) ; 210-
215.

K, FRETT, AR, AF. MEMERRAES R IEBR
RN R[], ROl PRI RL 2224, 2010, 29 (4
) : 272-277.

Whiting S N, Leake J R, McGrath S P, e al
Hyperaccumulation of Zn by Thlaspi caerulescens can ameliorate
Zn toxicity in the rhizosphere of cocropped Thlaspi arvense[]].
Environmental Science & Technology, 2001, 35 (15) . 3237-
3241.

Liu X M, Wu Q T, Banks M K. Effect of Simultaneous
Establishment of Sedum alfredii and Zea mays on heavy metal
(J]
Phytoremediation, 2005, 7(1) . 43-53.

Wu Q T, Wei Z B, Ouyang Y. Phytoextraction of metal-
contaminated soil by Sedum alfredii H. Effects of Chelator and
Co-planting[ J]. Water Air and Soil Pollution, 2007, 180 (1-
4) . 131-139.

Wei Z B, Guo X F, Wu Q T, et al. Phytoextraction of heavy

accumulation in  plants International  Journal of

metals from contaminated soil by co-cropping with chelator
application and assessment of associated leaching risk [ J].
International Journal of Phytoremediation, 2011, 13 (7). 719-
729.

Wk, EEE, LB, % AKE R K (Sedum alfredii
H)—— B i s BRI [T]. R, 2002, 47
(13): 1003-1006.

Yang X E, Long X X, Ye H B, et al. Cadmium tolerance and
hyperaccumulation in a new Zn-hyperaccumulating plant species
(Sedum alfredii Hance) [ J]. Plant and Soil, 2004, 259(1-2) :
181-189.

Ye H B, Yang X E, He B, et al. Growth Response and Metal
Accumulation of Sedum alfredii to Cd/Zn Complex-Polluted Ion
Levels[ J]. Acta Botanica Sinica, 2003, 45(9) : 1030-1036.
Samake M, Wu Q T, Mo C H, et al. Plants grown on sewage
sludge in South China and its relevance to sludge stabilization and
metal removal[ J]. Journal of Environmental Sciences, 2003, 15
(5): 622-662.

Wu Q T, Deng J C, Long X X, et al. Selection of appropriate
organic additives for enhancing Zn and Cd phytoextraction by
hyperaccumulators [ J ]. Journal of Environmental Sciences,

2006, 18(6): 1113-1118.



4312 wom B % 35 %
(23] &, BRI AL [ M. dbat. hER L R, quality in the Netherlands: standards and remediation urgency
2000. [J]. Risk Analysis, 1999, 19(6) ; 1235-1249.
[24] HEEAREERY R, KAMEKEN S [M]. (5Bl [28] Contin M, Mondini C, Leita L, et al. Enhanced soil toxic metal
M) . kst EPREERL2E HRAL, 2002, 246-366. fixation in iron (hydr) oxides by redox cycles[ J]. Geoderma,
[25] Guo X F, Wei Z B, Wu Q T, et al. Cadmium and zinc 2007, 140(1-2) . 164-175.
accumulation in maize grain as affected by cultivars and chemical [29] BBy, A2k ie i 7e 54 e T5 Y + 305 2 b 9 K s
fixation amendments [ J]. Pedosphere, 2011, 21 (5): 650- J_UZJ[DJ I =T N , 2012.
656. [30] JHEA. BV Bk IS Y L3 B E BOR KO R K iy R
(26] JlsEAl, Rigs, TEGK, 4 EMAFTIRSEARANT WALD]. )TN SRR, 2009.
Ye b I8 Cd WRUEAT OSSR [ J]. FREERLS:, 2011, 32(11): [31] A%, TP, s, S5 — PRIl e AR 2 [
3440-3447. ERGHARGE R TSGR LI EP]. hES A
[27] Swartjes F A. Risk-based assessment of soil and groundwater 71200910040403. 8, 2011-04-27.



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
	20141137.pdf
	下.pdf



