ARSI 2009, 18(2): 511-514
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@jeesci.com

TESRRITRNEN NFEE LR
Mz, BEF

L RN AR SE TR, 1 200235; 2. RIBSSEREAERE S TR R, 1 200240

FEE : A0 A 4 R V5 B IR, T SCI oY T AR e W L B 2R B B ROR , I b IR AR A RRE
SLEEEERR, ERGERT Eh RSB RSO AR B AL, RIS E AR R R M B R Ak, Bt
B pHIE S R sh J2 2B E AR M EE N K . 15 YCAMCuE A E T E 2 R =L E 4, T8
e AR, 2B A AN B 4 )8 CARCuiE B RUR o 23 i 0.5 ViemB, 78 FHAR B £ 38 rh s i) RBRACR N 75.1%,
HRl () RBRACRIRE]T7.9% 7350, SR i T BA BH WA 0 S A0 T 5 10 s ol FEL AR B pHAEL A B ARk, HC v BEAR B 3
FIpHAE F 4RI 7. 5238 A8 /N4 7, BRI B AR, PP LR A A7 230 T K 3109.4, R R BRIR A5 AR L iR o
KER: TS EERE; BB, EmEER; Hm

RESES: XS3 XHERFRINE: A XEHS: 1674-5906 (2009 ) 02-0511-04

TG Y B A T B RS Y ),
HRIENE SR e Bl L. Har %
4 R 15 gL A B 508 WY IR B TS YL IR BRI 5
(AT SRR, Rl PN ANFE I T HEA T T R A ) F
FEHBUG T AR BT MR, i w1 R X
SRR RAMYBE EHER, RAEB
SR RMEK B WS, NhESR TG E
rp 3 5 0 A T2 R SR AT ML 44 i R o A A
WOk F IR RGEAATE, NOEEY SRR, Bl
BOm T EAJE TS YN R BRI, L
L RIREYIME B RCR AL, TG Y i B 2
BEHE A NTFRD | Hila EW L. LI
GTRGBEAR AP [ AMYBFSE T R A X8
L, bkl 90 ARAR = AN b b FH L 8l ) 2E H AR
RELEGN S, RIZEARER AR
KPR ESEIG YY), Soonoh S5 R FHZH:
ARG - Pb Al Cd 15 4y Seue 3, 1158
W 4 R RE WA A2 B HLAE B IR 2 f A A
() pH (E S B B PE S R R 52 5 Ayten S5t L
&R H AR AT LA SRR Je HH Y Mn AT Cu
K Pb 1 Zn 2575 Y04 K BRAUR ; Evangelos S
5 4 Zn F CA IS LS IE ER0R, SRR
HIZE SRR pH (E S5 X5 Y 1 3 A4 18 52 SR R
A S T ] A A S AR SR T T 3k T AR
R 2R 25 S e S B0 S A5 T X A R R T5 e i
BB RAE T R0F5T, Fol A MR X 4%
15U RSB B AE T SER A IS T B
FRAIE S SR 20 /N BRI TS S5 4 75 e - 35
IR I S I AE 5T 2R B H B 48 A X T e - S Ak

PR AT R R 4 R VS YA B
WA R GE R 2, wPes & sk SE B R
FeARR D, AR SCHE S 25 16 N S T 5% il
bl HIEE SRS RS 2B R RS
55, WY - LAY 4 R TS e i R PR BRI
SR DA K pH {ESF 52 K 2R X 8 4 8 15 Y 3 g
BACRMEmE, M HEESEFRENAMBE
PRABIE A RS,
1 MR5&E&
1.1 UBEEH

SEE A FEA AR AR S A B FE. TR
JRF IR SO EEE T BREETT | B DAL FEHLSE
HL e B B AT IRHRIVER 25 cmx5 emx10 cm /Y
FHLBE RS LA R R He YEURT H I 38 M A i R
2, M RERH malia s,
1.2 MR5FHE

SEEO BN R TR . RERA . WRGRER . WK
HlR . BEIR . ERRR A A AL ENSE, BT AR
Mrati, 1 $5eE 5 A R AN RAE Y 33828 2o B H A A A
VIR ZE R a2y, TR N 780 AT 5 PR By
R J5 12 JE R 1 b S 0 BR AR R A SR A, e JR AE
105 CRHETRE R RG-S Y R il
ARG, INEE A TSR R IR A
BRI PIE s Y I, e IAS T Y 145
FEER B KEN 44.3% FRBETG Y 157 )23 3
HL A R IR S R SE, $a AR SC Y 3N i S Rl
SEG A R AT A RIS, e e i
MBS LA NI I S, I LI A S =
B FAE 72 he

E&WA: hHWHEESFRHERIEESTE (151502); HFETEERIHHTIHESTE (09YZ395)
YERENY: WIRTR(1964 SE4E), U3, RIBER, WL, FWNHEIEEMAYBAR K DEREN5 B M5 . E-mail: iamhht@tom.com

i EEA: 2008-12-30



512

MBI B 18 B 2 (2009 43 H )

1.3 MWk A*E

S LA TR SR PR AR . VAR . &
SR S o SRR A5 A T T A T 0 A 0 0 8 AR T
Ak B o8 P R W AT 0 R ¥ e 4 ) T
A, PR B TR T E R A ) pHL (AR
-
2 SRIEHIE

it PR IS i 1) F A R A 175 Y8 &R S
VRPN 4B V5 YL R 7o Cd Al Cu 45, i I HL N
0.5 Viem. SEFPAERMEFIMA 50 mL HKEN
0.05 mol-L™" i KCI TARWAR, ¥ 5 i B0 5 i e
FR AT I20, F5f s i sk [ ) Bl g HaL A A
FEMEY pH (EME S B SY TUR8%, KR
THEFE 32 he
3 HER59%H

R ORI A5 1) 454 i v B 4 o v o B 72
A R H R N BREE 254 pH (E 25784k, 43591122 i) 45330
MERAE PRI I 2 an B 1 ZE 6 <+ FoR Bk, <
FIORBINL ), AATiE Y HHHE R R 4w Vs YA
THTE R ARAE K SRS S5 AR AL LA
3.1 Cd BZ{L4F4E

P 1R P 2 oz e 28 ok H sl 48 52 F 4 338 R AR o A0

700

600 ¢
500 F
400

300

w(Cd)/(mg-kg™)

200
100

0

0 10 20 30 40
t/h

BT 3 rh At iih ¢

Fig.1 The curve of cadmium in soil (+)

900

800 |-
700
600

500 f
400 |
300
200
100

w(Cd)/(mg-kg")

0 10 20 30 40
t/h
K12 3 AR 1 ith 2k
Fig.2 The curve of cadmium in soil (-)

CdJF i A A8 AL o5 o BIVPEAR B AT Pl 0 86 IR 25
575.8 mg-kg BT FRE, Bl B @ AR BEF TC AR
RO BB AR R R 191435 mgkg'. H A4y
Mrig | Care i E A T R MBI & A%, JH7ERH
W B CAR o et 43850 T BRARe b, i B B 3 F Cd
FRIFIRE BT 3 BOE T -

T3 AN BHR B 3 Cd ) 3 % 180 K 1 25 BH AR
AL CARERE LR, F IR ] BE e 2 P AR T
+ EpHAE AR A A F I 3ROk P R 48
FE 03k 4 e B8 1 AR, A S p HAE KRS DU A )
FEAEE TG G225k BIRAE S
CAZEAbHh £ UL E 2, KB T 148 1) SR A o
SPEUER o BHB T 3 A CA B L BRBCR S 2]
75.1% .

3.2 pH{EZLME

pH {HAETE PRI A T ARl 5300 DL IET 3 AR 4.
FE 3. & 4 a] BRSSP BEAR BT pH B fhad
N AR B 7.5 B FRERIE R 4.7, 2
1 A 38 BB A 0L FE v BRI BRHUT R 358, s BB
e BRFIE T 5 e v P I o L AV P P 0 1 o A
FAEI I pH A IF LR BT 7.2 ZE e BT
F| 9.4, RIAFREEH OIS BTG 0E,  RYBAM BT

8

4
7k

T 6
5
4
0 10 20 30 40
t/h
K3 L3 rhpHAR (i 2k
Fig.3 The curve of pH in soil (+)
10
9
8
T 7
6
5
4
0 10 20 30 40
t/h
K4 % rhpHAR (L i 2k

Fig.4 The curve of pH in soil (-)



WIS SRR Y B A B S

513

() OH ™ o et W B Pl 45 FEL AR FH R 367 T3 him, e LA
TESZ R A 398 H A48 520 B 07 32 1 T 4 ol - 3 R i S
FAR AL AR LA 7 4 e Bk R

+ 3 pH (EAL RN 2L FHRIBERT,
IRV H A OH ™ [R] s [ WM RS sl &k A HiL fif
TEPIRR B A A= pH (EZAEAL, BRFERAM BT H 9k 7
FEMTEFHM %2 OH #iHFE, ULBAE pH 75
T BHA %= pH (E R . 55 7b T H ) B XA RL 1Y
HORET OH ™ ] PHAR XAT A 3 %, BBHM % pH
THE RS T PR = pH (EFEICAIFERE . 24 H [H] BH
W TS OH ™ 1 I = 1B T R4
AH B A A A H R s g T 35 pH (E AR AR/
1M ELiF pH (AT = (45 5 4 8 25 1 7E PR R
IRV RRIE BUTVE, BRI 4 )m RS
EBRECE
3.3 Cu”RyZS{L434E

P 5t T 33 rh Cu i A8 fb iT DL ZR I SRl 6
F S | 6T DLAE i H FEAR BT Cu 728 £k Fi T 4R At
[£)748.8 mg kg FH T 4 FIEH9165.3 mgkg ", Cu
(A S5 H BT R e, T B B3 Fh = Cuy 22
UL HTH R R AR 1 067.5 mgke ', %

800
700
600 F
500
400 |
300
200
100

0

w(Cu)/(mgkg™)

0 10 20 30 40
t/h

KIS g rh 4 Ae Al th

Fig.5 The curve of copper in soil (+)

1200

1000
800 L

600 r

w(Cu)(mgkg™)

400 |

200 |

0 10 20 30 40
t/h

P62 v 45 A A4 i £
Fig.6 The curve of copper in soil (-)

A 3 v CufE I E FH T £ A9 1) 2 /i FH
M ) SR , 76 FHAR BT 338 HP Culf) 5B N 77.9% .
Cult AL FFE R, 72 I E T CuRBS nl PR &
R Y 3 p i B 0 B A = AR AE, B
A Cuizt it BRI PEA Y 28 o o 00 AT BT /N,
N2 B 8 pHAE AR Al th 250 51 4 i o i 0 Bre
fife i IR By A R A ARk
4 #5ig

(1) 2R TSR 5 B R A
BT, LI RBERA AR L Cd
Ml Cu 5, xS YUE SR T ey IR B
i, CHXHEG 7 M LR PR O KB B+
BE XA L, HA R TR FHME.

(2) {549 Cd F1 Cu TEAMIMEAHEAT , L
by A T RS AR AL I 3 SR AE B T e A R
FEAT Ry 10 BAA a1 A, e IH s 3/ F s Ak
AR HoA e P Cd A Cu BB 0T
R P, S256 op e BH AR BT 35 25 B R 00 51N
75.1%F1 77.9% .

(3) HBMEE i T PH AR 0 A S5
T AR BRI pH (B A B AR A, HEHR B BRI
pH {E T2k 9.4, 1 FHARE L pH {E T R3] 4.7,
P EEN R STl R s iRy R we= E0] R Bl
Rl - 8 O I R A& 14 A ek AE , T EA AR N 1)
JEYE, pH (AR AL & & RO

Sk

[1] MHRZ, WER, BrE, %5 s Cdis g M DBLMAR
1. RbIERL 22254, 2007, 26(2): 443-448.
ZHENG Shenshen, SHEN Zhemin, CHEN Xuejun, et al. Distance-
based linear model (DBLM) in electrokinetic remediation of Cadmium
contaminated soils[J]. Journal of Agro-Environment Science, 2007,
26(2): 443-448.

[2] TROMBLY J. Electrochemical remediation takes to the field[J]. En-
vironmental Science and Technology, 1994, 28(6): 289-291.

[3] LAGEMAN R. Electro-reclamation Applications in the Netherlands
[J]. Environmental Science and Technology, 1993, 27(13): 2648-2650.

[4] ACAR Y B, ALSHAWABKEH A N. Principles of electrokinetic
remediation[J]. Environmental Science and Technology, 1993, 27(13):
2638-2647.

[5] k&%, £, TRl R doRTEZ 5 Yt Tkl R
HOBHE R, K FIRL2=HERE, 2001, 12(2): 249-255.
ZHANG Xihui, WANG Hui, LUO Qishi. Electrokinetics in remedia-
tion of contaminated groundwater and soils[J]. Advances in Water
Science, 2001, 12(2): 249-255.

61 JeHisk, MiEk, fE. Ea)mini HEEEEARTMIURE
JEEA[D]. B A AR, 2002, 13(6): 757-762.
LONG Xinxian, YANG Xiaoe, NI Wuzhong. Current situation and
prospect on the remediation of soils contaminated by heavy metals[J].

Chinese Journal of Applied Ecology, 2002, 13(6): 757-762.



514 MBI B 18 B 2 (2009 43 H )

(7] JEE, X B850 DB R BRI R I]. RIS YA B Pedologica Sinica, 2005, 46: 999-1005.
AR5, 2000, 1(4): 52-56. [14] Ev#, FIE. BV Y - R SEE S SE[]]. £
ZHOU liaxiang, LIU Zheng. Study progress on remediation of chro- 1%, 2005, 14(6): 855-859.
mium contaminated soils[J]. Techniques and Equipment for Environ- WANG Yeyao, MENG Fansheng. Experimental study on electroki-
mental Pollution Control, 2000, 1(4): 52-56. netic remediation of chromium-polluted kaolin[J]. Ecology and Envi-
[8] LIRME, BRifi. 13EEQIETSYAEYBE IR KA E ronment, 2005, 14(6): 855-859.
FREE, 2000, 16(2): 39-44. [15] w LR, FlbE. s8I Y S iio[)). FERleS
SHEN Zhenguo, CHEN Huaiman. Bioremediation of heavy metal pol- HiAR, 2005, 28(4): 27-30.
luted soils[J]. Rural Eco-Environment, 2000, 16(2): 39-44. MENG Fansheng, WANG Yeyao. Study on electrokinetic remediation
[9] KIM S O, MOON S H, KIM K W. Removal of heavy metals from of soils polluted by chromium[J]. Environmental Science and Tech-
soils using enhanced electrokinetic soil processing[J]. Water, Air, and nology, 2005, 28(4): 27-30.
Soil Pollution, 2001, 125: 259-272. [16] Bli/hak, B %, RemfE, . Bl Hedqlohwm e LS fp
[10] GENC A, CHASE G, FOOS A. Electrokinetic removal of manganese Cu(I)T5 4 i sh 8 ZWFoE[J].  ERHE I8 SCEELR, 2007, 2(8):
from river sediment[J]. Water Air and Soil Pollution, 2009, 197: 577-581.
131-141. LU Xiaocheng, HUANG Xingfa, CHENG Jiongjia, et al. Study of the
[11] GIDARAKOS E, GIANNIS A. Chelate agents enhanced electrokinetic matrix effects of simulated soil components (kaoline and montmoril-
remediation for removal cadmium and zinc by conditioning catholyte lonite) on the electrokinetic remediation for Cu (II) contaminated
pH[J]. Water Air and Soil Pollution, 2006, 172: 295-312. soils[J]. Sciencepaper Online, 2007, 2(8): 577-581.
[12] JZR3E, Bk, XBETF. 4G FIRR AR X 1 ek i ghid R 5 [17] T, ZWH. E4JEGRELIENRBEUIRI]. RERE,
[T]. HEFREERLE, 2005, 25(1): 10-14. 2007, 23: 53-57.
ZHOU Dongmei, CANG Long, DENG Changfen. Influence of com- DING Sa,LUO Yatian. Research on electrokinetic remediation of heavy
plexes and acidity control on electrokinetic processes of soil chro- metal-contaminated soils[J]. Wuyi Science Journal, 2007,23:53-57.
mium(J]. China Environmental Science, 2005, 25(1): 10-14. (18] W1, SRANK, Mz e, My Y g O 1N BRE A0S Ye L B
(13] &, JAASE. A [ i Xl 4% 15 Gy Shs 3 i sl B2 A S 0] D], AP FREERL 242441, 2006, 25: 1-4.
+ 3R, 2005, 46: 999-1005. HU Hongtao, ZHANG Xiaoliang, LIU Yunlong. Pollution mechanism
CANG Long, ZHOU Dongmei. Electrokinetic remediation of a chro- of leaches of solid wastes on the earth surface to underground envi-
mium contaminated yellow brown soil as affected by voltage[J]. Acta ronment([J]. Journal of Agro-Environment Science, 2006, 25: 1-4.

Experimental study on electrokinetic remediation of
copper and cadmium contaminated soils

1 : s 2
Hu Hongtao', Cheng Jinping
1. School of Chemical Engineering, Shanghai Institute of Technology, Shanghai 200235, China;

2. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: The efficiencies of electrokinetic remediation of copper and cadmium contaminated soils were researched by means of
experiments for the remediation of soil contaminated by typical heavy metals in this paper, and migration and variation characteris-
tics of copper and cadmium were analyzed too. The experimental results indicated that the quality fraction of heavy metals varied
obviously in soil under the electric field, and most of the heavy metal pollutants could be enriched and removed in the vicinity of
electrodes, and pH value in soil was the key factor which affected the efficiency of electrokinetic remediation. And the pollutants
copper and cadmium could be enriched near the cathode and the migration orientation of heavy metals was from the anode to cathode,
which indicated that the effects of copper and cadmium migration were enhanced under the electric field. The removal efficiencies of
cadmium and copper in the soil near the positive electrode were 75.1% and 77.9% respectively when the experimental voltage was
0.5V/cm. In addition the pH value varied obviously during the electrokinetic remediation because of the oxidation and reduction near
the electrodes, and the pH value near the positive electrode changed from 7.5 in initial stage to 4.7 at later stage, and the pH value
was on the contrary near the negative electrode, namely, changed from 7.2 in the beginning to 9.4 in the last, which made known that
the condition of acidity and alkalinity in soil varied clearly.

Key words: soil pollution; heavy metal; electro-remediation; factors of influence; copper and cadmium
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