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Removal of As, Cadmium and Lead in Sandy Soil
with Sonification-Electrokinetic Remediation

SeungJin Oh - Minah Oh - Jai-Young Lee*
Dept. of Environmental Engineering, The University of Seoul, Seoul, Korea

ABSTRACT

The actively soil pollution by the toxic heavy-metals like the arsenic, cadmium, lead due to the industrialization and
economic activity. The uses the electrokinetic remediation of contaminated soil has many researches against the fine soil
having a small size in the on going. However, it is the actual condition which the research result that is not effective due to
the low surface charge of the particle and high permeability shows in the electrokinetic remediation in comparison with
the fine soil in the case of the sandy soil in which the particle size is large. In this research, the electrokinetic remediation
and ultrasonic wave fetch strategy is compound applied against the sandy soil polluted by the arsenic, cadmium, and lead
removal efficiency of the sandy soil through the comparison with the existing electrokinetic remediation tries to be
evaluated. First of all, desorption of contaminants in soil by ultrasonic extraction in the Pre-Test conducted to see
desorption effective 5~15%. After that, By conducted Batch-Test results frequency output century 200 Khz, reaction time
30 min, contaminated soil used in experiment was 500 g. Removal efficiency of arsenic, cadmium, lead are 25.55%,
8.01%, 34.90%. But, As, Cd, Pb remediation efficiency less than 1% in EK1(control group).
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Fig. 1. The Procedure of Tessier's 5 stage sequential extraction.
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| Analysis by ICP-AES for multi-elements |
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Z¥(Direct Current Power Supply, OPE-DI, ODA
Technologies, Korea)oll 123813 tHFig. 3)(Baek, 2007).

2.53. T27] Ax9] £3 ¥ TUEY
AFo)| AFL3E 379 Ao AFREE Asjde nE
Tab-WaterS AF85lgom A8 A Eoka} AFAL 1:1
2 FYste] FHA F 2PS DY Controle]
7S gz Ados A7) Auke Sisigor
Control(EK])— A2)et 2719] AX|(EK2, EK3)= 382

ol AAE HHe) 29 F5 242 H4AAT.

Fig. 2. The actual units for sonification-electrokinetic apparatus.
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Fig. 3. The Schematic diagram of bench-scale electrokinetic apparatus.
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Table 1. Experimental conditions of electrokinetic process

Soil Saturation Operating condition Voltage Gradient Duration
EK1 (Control) Electrokinetic remediation 1.5 V/iem 25 days
EK2 Tap water Electrokinetic remediation after sonification extraction 1.5 V/em 25 days
EK3 Electrokinetic remediation with sonification extraction 1.5 V/em 25 days
Table 2. The physico-chemical characteristics of sandy soil
Characteristics Measurement
. e Sieving '
Size Classification Loamy Sand (Sand : 85%, Silt: 6%, Clay : 9%)
Hydrometer
CEC 29.07+3.15mg/100 g
pH 6.83+£0.61
EC 943 £ 59 uS/cm
TOC 1334.67 £227.15 mg/kg
Table 3. The concentration of contaminants in measured sandy soil (unit : mg/kg)
Classification As Cd Cu Pb Zn Ni
STD. for Concern (section 1) 25 4 150 200 300 100
STD. for measure (section 1) 75 12 450 600 900 300
Concentration of sandy soil 72.86 +4.81 6.86+0.14 6420+3.14 271.76£593 8332+547 4326zx2.11

120
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40
20
0 : !
As cd cu Pb z

Fig. 4. The result of sequential extraction of sandy soil.

mg/kg

I Exchangeable

[0 Carbonate Bond
[0 Mn/Fe Oxide

I Organic/Sulfide Bond
I Residual

n Ni

N

ke Zo= Yedth 1941Q] o] 2ude)r) o &
Aehs AL A 222 & s FeEolmE A3t A
2 AIEES A Aok Fe B, 59 F 3

o 3Fs= Mn/Fe-oxide2} ZFH ez} A<

Table 4. The results of control sample
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Control Sample

Sample As Cd Cu Pb Zn Ni
Electrolyte (mg/L) 0.357 N.D 0.054 0.18 0.069 0.072
Soil (mg/kg) 72.04 6.85 63.89 270.47 82.78 43.07
Efficiency (%) 0.98 0.00 0.17 0.13 0.17 0.33
Mass balance (%) 99.85 99.85 99.69 99.66 99.52 99.89
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Table 5. The results of sonification extraction sample
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Sonification extraction sample

Sample As Cd Cu Pb Zn Ni
Electrolyte (mg/L) 4941 0.21 5.87 20.78 417 228
Soil (mg/kg) 62.17 6.42 51.74 227.96 78.47 41.18
Efficiency (%) 13.56 6.12 18.29 15.29 10.01 10.54
Mass balance (%) 98.89 99.71 98.88 99.18 104.19 105.73
3.5 1.2
e 1 ——F +
—— Optimum efficiency
2.5 —&— As
—e— Cd
—v— Pb

Concentration (mg/L)

Power (W)

Fig. 5. The removal results for As, Cd and Pb versus sonication
power.
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Fig. 6. The removal results for As, Cd and Pb versus reaction
time.
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Fig. 7. The removal results for As, Cd and Pb versus soil weight.
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Fig. 13. Variation of pH after electrokinetic remediation.

2000

1800

1600

1400 o

1200 o

1000

800

EC (uS/cm)

600

400

200 +

o

Origin Soil  EK1 EK2 EK3

Fig. 14. Variation of EC after electrokinetic remediation.
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Fig. 15. Variation of CEC after electrokinetic remediation.

Table 6. Final recovery rate of contaminants in EK1 to EK3
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Fig. 16. Variation of TOC after electrokinetic remediation.

(Unit : %)

Contaminants in electrolytes (%)

Contaminants Residues in

Classification

Total Recovery Rate

Anolyte (+) Catholyte (-) sandy soil (7o)
As 037 027 87.19 87.83
EK1 cd 0.23 027 86.44 86.94
Pb 0.04 036 91.13 91.53
As 15.28 0.14 79.71 95.13
EK2 cd 6.44 0.28 89.16 95.88
Pb 30.92 0.12 61.93 92.97
As 25.87 027 71.27 97.41
EK3 cd 8.00 0.28 86.38 94.66
Pb 34.90 0.71 64.69 100.30
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Fig. 17. The results of sequential extraction of As after
electrokinetic remediation.
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Fig. 18. The results of sequential extraction of Cd after
electrokinetic remediation.
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Fig. 19. The results of sequential extraction of Pb after
electrokinetic remediation.
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