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ABSTRACT

Electrokinectic (EK) treatment Process is of a useful remedial technology,
particularly on the soil with low permeability. This pilot test implements EK technology
to remove heavy metal Cd from the silty loam in rice field, and to evaluates the removal
efficiency of Cd and the promotion of soil fertility enhancement during treatment process.
The test uses citric acid-surfactant mixture as treatment solution under an implied
electrical filed to enhance the removal of Cd and the fertility of silty farm soil

simuitaneously. The test results revealed that EK process gained in a Cd removal
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efficiency of 76.59%; also the content total nitrogen, Bray-1 phosphorus, and
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mitigating soil contaminated with not only heavy metals but also organic compounds in

the future.

Keywords: Pilot test, Electrokinectic, Cadmium, Remediation, Soil fertility.

exchangeable potassium and magnesium were relatively elevated after 92 days of

treatment duration. It concludes that EK treatment technology may be capable of
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BrEBTI gL BEBEMEHAKE - ERR
HrREUEREBEELE  BRETSMEGSE
K MK BB E /INEGE - B RIEER
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2H,0+2¢” - H, T+20H" E, =—-0.828(volr)
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AT BB T2 RIS BRI IR ] - ok ToE B
R EBRH BRI SR — MBS
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AR EHNAARPEHEEN  UREREERE
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HHRELA Y HRE RS EREPHEDEE
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£ 50 AT A - BTEREEIERE L &
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TRREIESE 35 HREFEWE 8 LHBLT - &
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(M) AR EFE

EEBENEFTRET SRS A B ZRERE
REBERRES 7233545557692
HUBREERESE LEEEKE T 0~15 253)-H
JE(EE T 15~35 243) TREGKE T 35~50 A 5)
SRIERG MEREZE REEREEDE
BEFRAR 5~10 {EELRY T BRI TRAK—
EEmZEEREETHE pH KIRBEERE
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#AEFR (8)

2 BRIEBEERREMCR(CE

TR - DRSS B MY - 18R
RIS A R LB 25.5%
F15 64.3% ~ R4k 10.2% - B #EHE HIER G
24.9% ~ 311k 64.7% ~ L 115 10.4% » EEL%
2R B EI(U.S. Department of Agriculture,

USDA)LE/HERE A~ B 15 E 1R B %
B L (silt loam) » HIEILE ST AIE A EHHER
TIRILET 2.59 - B #EER L HLER 2.61 5 %
C2HEHE A BARLIEZpHRE 579 B
AL pH 5 6.03» EBMBRIELIE A
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£1 dBTIBEERHE
EABRE ANR® IR B 155 L3 AT FH & FiERR
#(sand) 25.5% 24.9%
# £ (silt) 64.3% 64.7% & o & E 3k Gee and Bauder, 1986
£ +(clay) 10.2% 10.4%
o8 | 9 EGilt loam) | 398 Giltloam) | EB S A USDA
pH 5.79 6.03 wE ik ASTM D854-92
193 2.59 2.61 B ak i) F McLean, 1982
HHE 4.40 % 5.00 % T s B dr Bk Nelson and Sommer, 1982
28 0.24 % 0.25% Kjeldahl Bremner and Mulvaney, 1982
Z%;(%Cﬁgf; 18.0 C mol/kg 19.4 C mol/kg B B b ok Rhoade, 1982
Bray-1I & 42.30 mg/kg 49.77 mg/kg gk Olsen and Dean, 1965
T 51.47 mg/kg 61.90 mg/kg BE BE f0k Thomas, 1982
b 1Y 354.00 mg/kg 323.33 mg/kg B B 0k Thomas, 1982
0.IM 2 8 3 1.95mg/kg 2.15mg/kg 0.1M B & 3 Bk IFHIRESE, 1994
BkémsF ) ] T ’

AR TIEEHER 048dS/m B HEABRELE
£ 057 dS/m ; ;5 A W B RGBTSR
(cation exchange capacity, CEC) £ 18.0 C
molkg - B i RER TIEB M 7 A RS 194 C
mol/kg ; T A~ B “1EHE HIEK 0.1M BREE
WESMESBREIESIE 1.95mgkg K
2.15mg/kg - WA LB HEAHETIRE 1o

M~ & REW

(—) L3 pH
EEBEARYELETFTERUFEGER
WESSRRETEAGE  EBEGEHET - &
&+ AT RE DA R €16 Y (CA(OH),) Bk B 1L 1)
(CAdCO)FETE - WEBYIRREME R 5 EN LA
EREERRE; MEBREGET - BELES
BT R(CENETE » LR SR EIZ SR
B T (Sah and Chen, 1998) - ZEE H1EH BE
o 1% pH B—EHEEEHNEE - WEERF
B SRH X B B E B # Mary and Christopher,
2002) - It - {EEEN1EE AR = 132 pH FE
Ay B L2 — M & B/ T.fE(Sah and Chen,
1998) o
FRBERRAETEHEEEN100AH
ZHEEE@EH #9 1.73~1.94 » EC #J 3500uS/cm)Bd

EYIE R R E SRR S R PR
BAEKRE L BB 92 REBNRER 58
HAEL pH OF THHEZ  HRABERTH
24 AEEY pH HEEZREA B - 7R
FRABRRACI S - A Bl A SRR I - 18 T DL
BT RBETERAMRKES o A R&/E 118 pH #
LA @3 be B aE - WA T 441 R
g 32 pH BLIRE B £ 7F BE R 58 in i X
Bl » SEH0A T 3.19 » TIg 1182 pH b
N R T 316 0 ILERRE IR E S R BEN S
FHELBRETEAERN ; B &8 112 pH #
LIRE A B—3 - U EEREZE » hERZ T
[ RAK  H E~ i T8 4% pH £ B 4.48
45383 HRERIEEEH AESE ER
BRFEEGERE T AGLIETY pH B 5.79 B
F 220 HEBTHEKKT 3.59; BEHEF
5 pH i 6.03 I FE 1.76 » HEMBEFHERET
427 » HT5ERER A ERIE IR T % IR 0 & T AR B B
BEIBAIIERESEM A~ B ZEHEELIE pH
BRI R LB E 3 AR

() \RE
RG22 A BB NEERRLIE  F
T ERERA L SRR S B
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#4ERE (8)
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B #
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5
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w
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2
1
0
0 23 45 92
#HMEER (B)

3 BELE pH &{LE

EORESGHRB EREREL 0.IM BRI
IEMEITSRERRBE 21T - [ 4 W LB DIR
TEER IS B ER R BT E T AR
1 - FEE 1 (F R A4 ISR TR BR A B T 2 BRI
Hg o FoR BB BRI - LI ELIERE
GR-ME -F TELEFBREDEE
0.26mg/kg ~ 0.72mg/kg ~ 0.76mg/kg » HEB HE
15 £ FVE B & B R YR (E 2 mg/kg fR 1K -

THULELEREEFREAEME L EE
SBEBEEES =#(0.05~0.39mg/kg) L HR
i » EREERBEE R BEEEERRE
SLAILL EE 2 B LB K » B 1.59mg/kg »
BRZ WY 1.42me/kg - TRR/D - WD
1.07meg/kg It T4 B G T A 55 (7 DAIE B AR
HTREEESER  HEBTYRGREIE
1.95mg/kg [¢ % 0.59mg/kg » #i/0 T 1.36mg/kg »

25
L. 2.0
)
>
E 15
-y
=
% 1.0
w
% 0.5
0.0
0 23 46 69 92
#HAAER (B)
3.0
)5 —=— R A
B T —*— TR i atals o=}
3
E? 20 F B i#
L |
’g 1.5
§ 1.0
“BE
0.5
0.0
0 23 46 69 92
#HAEEER] (B)

4 BEIEREEEILE

SIRBARA T e - el 1 pH JRE
2 o

RN B2 HBE JEFFRRE KL
s TEBLEHFRESHEE 0.12mgkg -
0.50mg/kg ~ 0.89mg/kg » RME > & it & & F F
MM BRI H L LB EENE
GEE TR E LB EIREE SRR HiE
BHEIRE A EHEE BEEREERRE A
Plohfg & LK B 1.87Tmgkg EERZ
WA 1.79mg/kg » TRE&R/A » WA 1.28mglkg »
LEAERFNMERBRIE . A RS BF
TRERIEIE 2.15mg/keg REE 0.5mgkeg WA T
1.65mg/kg » 77 2 BARE T RS » A BIRILR IR
MERRRIHEZ A K% IR ILER R
B SRR B A B i Ze bR LR R 2 88 - DURE
s B -
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(Z) SRR =E

AHBCHEH NEELA - B_EENE
BRZEANE 5 AR 0 HIE S PRETRERE 35 H
B 92 HE AR EULE HEBRAERSE -
thig + BRBRMERZ M T E BB GRE
AR 5B 55 55.14%21.96% 0.54%52 85.95% -
66.36% 57.53% » B IR Rk 43 BI3E 25.64%
B 69.74% ; MAEEHE 35 H K& 92 H#& B # R
B LB L ER RS TR BB RBE
Ko MUTRELIEBRUERE - 555
64.92% ~ 29.96% ~ 9.22%81 93.72% ~ 78.90% ~
58.99% » HFE LB RME S FE 3333%H
76.59% » 1. 74 B SR T K501 DAIE (B B TR AR E
TREHELERH -

BN IEIEBIRAE S TR 8 BRIGHTHR
T HEBBRNE » EEMPEHE 5 TR B
LI EH 0.95% s B RAES AT EH
0.73% 2 R UAE B - MBIE 8 KSR B IE
DFgHEH 138% 2 BBRuER AETYEH
1.26% 2 B BE - WAERAREBRE
HITE 8 gL 5 TR v IR R E i -

L AT - MEERTE A FE B B # SRR bR
BENECRESL  BREEBIEBRMNEERE
AR EE LR BREERPRINE &
B R T R R E B RS SRR R A
BT IRZ BRI -

(m) LA
BTHERRO LM EIEHELSIEBR A
B HERCREET IR B—HEAER
B ETIR Mk LIEEIETHER
o B 2tREFHEANIEREE 15/
Wi - A AMIE HEBERER - BEMETE M
T EAAEGE#ERN S EEER B RX
Euft A EAE - RRAEAIRRACHEA T o 6 1A
FITRE - At RS - BRI YR B O o
Rt - ERER LRIE TR E DI ARG N 1R
BT AL AT H R RS M AE R A - 3
BIETE#HT B RBIHIERERE -

100
90 | B A#358
H B354

Bl Ai#9218
B Bi4928

HBAE (%)

LR R A =
5 BELREERBESNE

FRAB S PRBA RS LEFENZ
&1 DIRBEH HEEHREH LEL N2 ZE
2 > WL pH ~ 7 # 8 (Organic) ~ £ % (Total
Nitrogen) » Bray-1 ##(Bray-1 Phosphorus) ~ 22 #i{%
#f (Exchangeable Potassium) -~ 7% #2 1 £
(Exchangeable Magnesium) 7~ I8 £ +Z I /1 $5
o hilE 6 8 £ AERRESE NEETE pH
AR T 4.50 (J§i7) 67.16%) ~ HHEE REEE 0.30%
(B 6.82%) ~ ZEHIN 0.18% (N 75%) ~ 1&
Bray-1 # A HEI (& 31.70mg/kg (B4 74.94%)~ 5
SR T 10.03mg/kg(E N 19.49%) ~ ZTHaE
LA 32mg/kg (A 9.04%) ;5 T 7E B {EH#E
EE) EEBRT LE pH BET 501 (B
74.00%)5} ~ HERBIEERANFEZRIBESR »
WA BEE N 0.10%(38 N 2.00%) ~ 2 £
0.50%( 1 i 200%) ~ 7 Bray-1 &% 5 @ 2 7
16.43mg/kg(#8 fil 33.01%) ~ 55 %% # 4 #F 48 7
1.30mg/kg(#8 0 2.10%) ~ & #114E & J5 & 7+
61.67mg/kg(3 1 19.07%) °

MtE R REBNET 2 H R TIERERE
BRUERLERZS - HRER R BRI IE
EHRLRRH B R - BAT R A BR
BB SIS DU e BT R
RREICEIEEMER S —RWER - B - F
BEFTRB I EERERER  RREETE
BEREEYRE > (EAKBET R 1% pH FEAN
A EEEIRE » WA LI Ha A - B IR RS
L RIGH -
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