S AN AT =23 A3E A1z 2002 3€ pp. 37~45

$47] 7143 ARA EDTAS 0|43 2o EQpoz)
7] 2 ohdds] AA

EDTA-Enhanced Electrokinetic Removal of Cu and Zn
from Contaminated Sandy Soil
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Lee, Hyo-Sang - Hong, Soon-Myong * Ko, Sung-Hwan - Lee, Ki-Say

Abstract

EDTA-enhanced electrokinetic removal of copper and zinc from contaminated sandy soil was carried out. In
desorption equilibrium tests, the required mass ratio of EDTA to metal was 10:1 to obtain over 90% of desorption
from soil. The removal of heavy metals with chelating agent EDTA below pH 3 was limited because of EDTA
precipitation. In electrokinetic experiments, the pH control at anode chamber was essential and 38% Cu and 56%
Zn were removed under 30 mA for 1.5 days. Heavy metal removal was greatly improved by controlling anode
and soil pH with circulation of anolyte with NaOH solution, in which >50% heavy metal was removed for 4 days
and >70% for 9 days.
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Fig. 1. Schematic experimental system of
electrokinetic soil remediation.
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Azke] a1, W] 25 24 B SE5Yde] T/ A
o2 HoAZIt(Table 2).

Table 19| EK-29F EK-39] 43 A#S BH A=
o= o]F3 FEH %v EK-2 A e 74 9%, o
A 3%, EK-348M = 78 1%, ofd 4% = tix=7 4
A EK-1 A3HE A7 F&o] AR BofAl= Ao]

HoXt}, SlAY Table 29| B $55% £X5 HW
TuE0] & AR FEAeT oA B Vet

EDTAE W&st] AH8e wf ESF pHet o555 AlAZ}
A2 DA FAT Joke RS HolFa g EK-2 A

3 232 B EK-13 v 2 GEoa 2gE HY

1 o] Alzto] HAHe] me} Egfo] AAH oz FFo=2
10.5 cm7HA= pH 27} Z3 =%t EDTAS 2}
J%% P FEE 71| EAIA AslgHEe] Sl
&2 Ha1 Qo] A7 SaiA FFoR ool Hrk
7}, RG] Qi FForRE FAE H o2 9
314 pH7E 3ol3t& Hold - EDTA 2slstEdA &
T o]2Rl ol sfE|Eo] tAl F7|olEol <l
TR QolFHE AoR HoZlnh wg A3jtE 011
A fEEo] §FoR o|lFHE Fud dolET o

ZHE 948 OH o] 20| Bl fl=o] whi ﬂi
EK-291M & 3€o] AWM HH 50258 °F 2~3cm
AR el Fele] B AdmzE g4do] Hlem AlRte] ]

ol w2} BgT Auabl ety ols 247 O
ol &3} o] Aol T} LA Zo] WAHC] HAT Ao
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Table 1. Experimental conditions and results of Electrokinetics
Run Electric|  Anolyte Soil Catholyte Time | Range of Initial Cu Removed Cu Cu Removal | Initial Zinc | Removed| Zn Removal
curent | solution | saturation| solution | (days) | EPG(V/cm) | concentration percent (%) | concentration|  7n percent (%)
Tap Tap
EK-1| 30mA | Tap water 15 | 17~19 | 100mg | 3¥mg £ 50mg | 288 mg 5%
water water
T Tap 00EM 4 | 1~10 9 3
EK-2 | 30mA 1t ~ 1000 93 500 19
P e | mra s s e e
FK3 | 30mA | Tap water | EDTA | EDTA 4 | 053~36 | W5mg 15 mg 1 55 mg | 2l mg 4
EK4 | 30mA 02N NaOH P EDTA 4 033~37 1180 101 9 533 M 6
(Girculation) | Water - e g mg mg
EK-5 | 30mA 02N NaOH EDTA EDTA 4 05~17 1224 661 ol 554 386 69
(Gireulation) DL mg mg mg mg
EK-6 | 30mA 02N NaOH ap EDTA 9 033~13 1136 8056 70 542 111 75
(Girculation) | water | (Circulation) o i "5 5 e
Table. 2 Distribution of residual heavy metals in soil after electrokinetics (unit : mg)
Anode 0~3 cm 3~6 cm 6~9 cm 9~12 em | 12~15 cm Cathode
Run chamber chamber
Cu /n Cu /n Cu /n Cu /n Cu /n Cu /n Cu /n
EK-1 47 47 70 20 65 50 82 20 225 32 513 161 341 263
EK-2 35 11 18 43 26 7 16 4.6 115 2 832 456 58 8
EK-3 28 18 85 28 154 83 281 117 408 184 66 14 17 2
EK-4 83 28 305 178 226 139 216 110 116 54 80 52 18 5
EK-5 652 378 346 91 106 42 192 16 86 34 22 2 8 4
EK-6 798 409 152 58 127 33 13 145 308 121 12 7 6 2

42 aRxEY Bste] =2



=
o
w

EK-29} t& & B njg] EDTA
Aolth, Ad A2 £ 19 B 454

HAslsithz} 19 o] 58 = AZo] giof
o] Ftt. & EDTAY} #eld=S 4=
2 o]y = A Ao] Ao
to] 2] we} pH7} Rolx] AslteS
Weko 7 Holgrlo] Ao] glojxt},
B EK-3 239 #F pH7F EK-29= T2
A FFegRE 10.5 cm AN pHIF 128 F43
AEEE Aol ot A $502 olFHE To
& ol &3 OH o]&°] o] #[Hel|x ZH=le] 13.5¢m A]
e F3% ol s=7F WA =AU, 10.5cm
o[d AHel M= EA SFEUT. ek AlTto] o] 21
ol EK-2 483} 2] 10.5 cm A 550 5%
g Zo= A7)

EK-4 AgelA Fele} ofd AAEL 9%} 6%°]aL,
A7) 997IA] 7R EK-6 AgelM e e 2
ofdE T0%<} 75%7F 242+ AAS AT, EK-5 A& A
© 54%° T2 69%9] ofdo] LH EYCZHE A
HAok. HE EK4 A3 Fa59] AAEe] WAt
Table 2014 B=o| o] Adve g Fa49 327}
FFo2 gol o]F3dt AL & F Stk BEe] AAFHoz
=& pHE IA3HL QMo Fase] EGLERE Gl
Eota g3 a5 % WA EDTAS 2slekEo] g4+
o] WY EoR FFoR ol o= Aozt
Fig. 69 EK-5 Ag9] J=54lo] Il S35 23S
YeRAE. T} ofdo] Al AR &S = Bo]
TAER A, T3 0.2N NaOHE AR83le] pH7F SolA|

Ag W74 AFH o2 FFAdME AsjtE

FAE e Aoz AT 55 2Ho oY

°|
- AAS AR 2 SRR FEZAMA B
< (

o
o

o,

=

[¢]
=
o

1,
H
4o Mo
O g
T
Y

( Jb’

2 9
T
> U
N

L o X oo oo
did rr 4
poc)
o,
[

o, fob
of
Qo

E

)

1 oft
p‘l
N,
"
Q‘L
&
NIV

=

9

Ot

i

> do
w

REE

1
9%l B BDTA %L 10 8¢019l0. EK-645
A FFUE EE SR FL Fig T JERAR
YA 3URH FFUR Fae] WEEE 2o
Epston] ol FRE ASHoR Fsge] FhHE AL
2 5 gt} mebd, ¥ AgedE 30 mA BARE &

° 52
R

3192 W EDTAZH E 171950l SlaiA] ol 55l
SEE )2 bom/dayle & 57 9k Ed, £F 4

EDTAE 2411719 ndhslalao2 F4E EDTAYS

0] 100% AASAE Sttt 1 olfr= 184

= Hie} Zo] 10.5cm A -oA FEA oz A Eo] §
go] 5o oS Wallgt Aoz AzhE|ojzit. & AF
A EK-6430A 71 B A7 Lo] BRI EK-64
2 Ag7)zte] 9Bt R e, EK-5A L 49
S AR o7 EK-HAEE Ad7|17He S7AT
EDTA F4%4S S7H71H vV A2 9 B 3352
AAXNZ Aoz o).

Distance from anode (cm)
Fig. 5. Change of soil pH by 30 mA of electrokinetics.

&o0

-

=]

=
L

—e— Copper
—0— Zinc

@
o
=]

m
=]
=

w
=]
=

Mass of Heavy Metal (mg)
8 8

=]
=]

[=]
o

0 1 5 3 s 5
Time (day)

Fig. 6. Accumulation of copper and zinc in anode

chamber during EK-5 experiment.

A3 A1z 20029 389 43



& A

tlo

AFeA= 10 104

1000 H

—a— Copper

i 2. gd2] pH7} 30|l A& acid leaching®l] &3t =

& g3o] ojya, vifAo® pHY} 3ol8t & 7
EDTAZ} HaY, HsY 2 EA151] EDTAY] 54
2534 chelating s8] HolAl& 22 YEhst

o ol

-

-L

;1

Mass of Heavy Metal (mg)

3. A7 Aol FFREgAIA ol s W pHE X

delA] gkoml EDTAE |83 T3 AA7 s
o, & Agolx= 30mA AHFE YA &
NS (0.2N NaOHZ 244|7tvic} mhsfjs o 24
EY pH Asts JAIBI

Time (day) 131:1-7]

Fig. 7. Accumulation of copper and zinc in anode Zgae
o

chamber during EK-6 experiment .

4. ¥47] 71=3 EDTA AH8Al pHE 23] 4shd

_ o S o] $24 AFAVIAY G342

F727] 7153 EDTAS ©] 83 T35 AA 28A 5 AZ 2 99t 30mA AABe EAs] sew

F502 o9 Ry EYA FFE AAE Y EDTAZ #83o] 99 2ol A8la A1 7] 2 o}

EDTAS] 49| se} pHele] FJAdAE Agasin S 27 70.8%% 75.8%2 AAGGeH, ol
[e] 1O S A9 -

HET 22 dES A EDTAS| o]¥&%t o 5 cm/day 9tk

1. 3% 2% 99 243 1500ppm/] TaEoR o4 AF A
H EQY 3go2HH FEE5S 90%01d AlAE =
E EDTA &4 z2HLe 0.0IM, 10mLS$ o|AE

o et oA B A Ak e 20009 =] A7) AR
EDTA o2 ksl 45.2mgelal, 3g LHES WY o A910] oJalel ZalE|gl T
5 2=
e FE%0] 4 5mg ZAEkRE 54 AU EDTA - e
(H4LAF: 2001, 11. 10)
2o 28

1. Acar, Y. B., Li, H., and Gale, R. J. (1992), "Phenol removal from kaolinite using electrokinetics’, J.
Geotechnical Eng., 118, pp. 1837~1852.

2. Acar, Y. B., and Alshawabkeh, A. N. (1993), “Principles of electrokinetic remediation’, Environ. Sci.
Technol., 27, pp. 2638~2647.

3. Acar, Y. B., Rabbi, M. F., and Ozsu, E. E. (1997), “Electrokinetic Injection of Ammonium and Sulfate Ions
into Sand and Kaolinite Beds’, J. Geotech. Geoenviron. Eng., 123 (3), pp. 239~249.

4. Bhattacharya, S. J. (1996), “Surfactant enhanced electrokinetic remediation of gasoline contaminated soils’,
Ph.D thesis. The University of Wyoming USA.

5. Chew, C. F. and Zhang, T. C. (1998), “In-situ remediation of nitrate-contaminated groundwater by
electrokinetics/iron wall processes’, Proceeding of the Water Quality International 1998 - IAWQ 19th Biennial
International Conference V6, pp. 133~140.

44 ol=X|Bltetd Zots] =2



10

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

. Deflaun, M. F. and Condee, C. W. (1997), Electrokinetic transport of bacteria, J. Hazard. Mater., 55, pp,

263~2717.

. USEPA (1997), Electrokinetic laboratory and field processes applicable to radioactive and hazardous mixed

waste in soil and groudwater, EPA 402-R-97-006, 1997.

Ho, S. V., Sheridan, P. W., Athmer, C. J., Brackin, J. M., Weber, D. and P. H. Brodsky (1995),
Integrated in situ soil remediation technology: The Lasagna process, Environ. Sci. Technol. 29, pp. 2528~
2534.

Ho, S. V., Athmer, C., Sheridan, P. W., Hughes, B. M., Orth, R., Mckenzie, D., Brodsky, P. H., Shapiro,
A., Thornton, R., Salvo, J., Schultz, D., Landis, R., Griffith, R. and Shoemaker, S. (1999a), The Lasagna
technology for in situ soil remediation. 1. Small field test, Environ. Sci. Technol., 33, pp. 1086~1091.

. Ho, S. V., Athmer, C., Sheridan, P. W., Hughes, B. M., Orth, R., Mckenzie, D., Brodsky, P. H., Shapiro,

A., Thornton, R., Salvo, J., Schultz, D., Landis, R., Griffith, R. and Shoemaker, S.v(1999b), The Lasagna
technology for in situ soil remediation. 1. Large field test, Environ. Sci. Technol., 33, pp. 1092~1099.
Joseph, S. H., Wong, R., Hicks, E., Probstein, R. F. (1997), EDTA-enhanced electroremdiation of
metal-contaminated soils, J. Hazard. Mater., 55, pp. 61~79.

Lageman, R., Pool, W., and Seffinga, G. (1989), Electro-reclamation: Theory and practice, Chem. Ind., 18,
pp. 585~590.

Lageman, R. (1993), "Electroreclamation: Application in the Netherlands,” Environ. Sci. Technol., 27, pp.
2648~2650.

Lee, H. S. and Lee K.(1999), Electrokinetic transport of an NAPLs-degrading microorganism through sandy
soil bed, Biotechnol. Bioprocess Eng., 4, pp. 151~153.

Lee, K., and Kim J. (1999), Effects of electric field directions on surfactant enhanced electrokinetic
remediation of diesel-contaminated sand column, J. Environ. Sci. Health. A34, pp. 863~877.

Li, J. Yu and I. Neretnieks (1998), Electroremediation: Removal of heavy metals from soils by using cation
selective membrane, Environ. Sci. Technol., 32, pp. 394~397.

Noyes, R (1994), Unit operation in environmental engineering, Noyes Publisher, USA, pp. 339~348.

Nyer, E. K., Fam, S., Kidd, D. F., Johns, F. J., Palmer, P. L., Boettcher, G., Crossman, T. L., and
Suthersan, S. S. (1996), In situ treatment technology, Lewis Publisher, USA.

Probstein, R. F., and Hicks, R. E. (1993), Removal of contaminants from soils by electric fields, Science,
260, pp. 498~503.

Yang, G. C. C., and Long, Y. W. (1999), Removal and degradation of phenol in a saturated flow by in-situ
electrokinetic remediation and Fenton-like process, J. Hazard. Mater., 69, pp. 259~271.

Yeung, A. T., Hsu, C., Menon, R. M. (1996), EDTA-enhanced electrokinetic extraction of lead, J. Geotech.
Engineering, 122, pp. 666~673.

Skoog, D. A., West, D. M., Holler, F. J. (1992), Fundamentals of analytical Chemistry, Saunders, USA,
pp. 286~310.

A3 A1z 20029 389 45





