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Application of Soil Washing Technology
to the Soil Contaminated by Heavy Metals

Dong-Chul Cheong, Jee-Hee Lee, Sang-il Choi
Department of Environmental Engineering, Kwangwoon University

ABSTRACT

A series of batch and lab-scale pilot tests were conducted to optimize the design parameters for the
application of soil washing techniques to the soil contaminated by heavy metals. Cu, Pb, and Zn
were selected as target heavy metals. The concentrations of Cu, Pb, and Zn were 500mg/kg dry soil,
1,000mg/kg dry soil, and 500mg/kg dry soil, respectively. Citric acid and oxalic acid were used for
the extractants. In the batch tests, the extraction efficiencies for Cu, Pb, and Zn were 79%, 72%,
72%, respectively. The proper extractant concentration and dilution ratio(weight/volume) for Cu and
Pb were turned to be citric acid 50mM and 1:5, respectively. The extraction efficiencies were
enhanced with the adddition of 1~2% OA-5 or SDS. From pilot scale tests for Pb, first stage and

second stage of soil washing resulted in the extraction efficiency of 59% and 78%, respectively.
Key word : heavy metal, soil washing, extractant, surfactant
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B9 = 2] 500mg/kg dry soil, ¥ 1,000mg/kg dry soil, o} 500mg/kg dry soil 2 A& 3}
AARAZE 7714t F citric acid$} oxalic acidE AU} &2 AF A7, 78, |, ota9 AA
BE&E 77 19%, 72%, 12%= Jebgon, Fel¢ o ugh AAA ] Fxe 8= citric acid
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Table 1. The characteristics of the soil

Property Measurement
pH 44
N Particle Density 248 g/om®
Bulk Density 1.43 g/cm’

Organic Content B 1.6%

Effective Size 0.18 mm
Uniformity Coefficient 8.89
Cation Exchange Capacity 4.08 meq/100g
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At TEE L9eEE EYSARAUY 9
#7152l 2] 500mg/kg dry soil, 'd 1,000mg/
kg dry soil2 ZAA3}I3 L, ofdd] gt 7]+
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Y 1,000mg/kg dry soil, o}d 500mg/kg dry
soile] dis] AL T G citric
acid 50mM, o}$-& oxalic acid 30mME &1
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2% s Behs FHE FY3IUTHTable 2).

Table 2. Summary of extractants applied and

surfactant concentrations

Extractant Concentration |
OA-5
Surfactant SFT - 83 0.25, 0.5, 0.75, 1%
sophorolipid (by weight)
SDS
citric acid + OA-5
Organic acid / SFT-83 05,1, 2%
+ Surfactant / sophorolipid (by weight)
/ SDS
|
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AIE HIaA st EGAH dFe
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—> Soil
«— Washing solution

Fig. 1. The schematic diagram of pilot scale ex-

perimental apparatus
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Fig. 2. Mt/Mo vs. time
{Cu 500mg/kg dry soil, Pb 1,000mg/kg dry soil,
Zn 500mg/kg dry soil, citric acid = 50mM(Cu,
Pb), oxalic acid = 30mM({Zn), dilution ratio = 1:
5, temperature = 25C)
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Fig. 3. Cu removal rate vs. citric acid concentration
(Cu 500mg/kg dry soil, dilution ratio = 1:3, L1:4,
1:5, 1:6, shaking time = 24 hr, temperature =
25C)
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Fig. 4. Pb removal rate vs. citric acid concentration
(Pb 1,000mg/kg dry soil, dilution ratio = 1:3, I:
4, 1.5, 1:6, shaking time = 24 hr, temperature =
25TC)

313 HERAR AP} S35 280l 01Xls HY

2] 500mg/kg dry soil ¥ ¢ 1,000mg/kg
dry soil2 QFAIZl Etof] 3.1.29] AE At
ofs] HzAe EYAMFH ZAANAHERY Fx
citric acid 50mM, A 84| 1.5} L= A
ABEAA Hrle) e AFEEY JIgs 4
A gict

Fig. 94 £ & Qo] Felsl A9t vz

100
T
Q
© 60
™
2 40
g ~@— oas
~3 Sophorolipid
& 20 -A—snD: e
—J— SFT-83
0 L i L
0.0 .5 1.0 1.5 2.0

Surfactants added [%]

Fig. 5. Cu removal rate vs. surfactants added
(Cu 500mg/kg dry soil, citric acid = 50mM,
dilution ratio = 1:5, shaking time = 24 hr,
temperature = 25TC)
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W] ABVERAE STNAE &5 B9
8359 e fo] e HAFaEdM aokx ¥

100
—. 80
=
)]
8 60
®
g 40
5 —@— 0A-5
@ —— Sophorotipid
20 | —A— sDs
—7— SFT-33
0 L . L
0.0 .5 1.0 1.5 2,0

Surfactants added [%]

Fig. 6. Pb removal rate vs. surfactants added
(Pb 1,000mg/kg dry soil, citric acid = 50mM,
dilution ratio = 1:5, shaking time = 24 hr, tem-
perature = 257)
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Fig. 7. Cu removal rate vs. surfactants added
(Cu 500mg/kg dry soil, distilled water, dilution
ratio = 1:5, shaking time = 24 hr, temperature =
25T)
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Fig. 8. Pb removal rate vs. surfactants added
(Pb 1,000mg/kg dry soil, distilled water, dilution ra-
tio=1:5, shaking time = 24hr, temperature = 25T)
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Fig. 9. Mt/Mo vs. time
®b 1,000mg/kg dry soil, citric acid = 50mM,
dilution ratic = 1:5, shaking time for each
stage = 20 hr, tmperature for batch test =
10T)
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A Ax, 283 - AAHQA FHA T
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50mMel g 1:58 -8l A43= 7
%, AHEES P17 S AREAA
£ #HA7RBlaA s FEe B OASE
1~2%, 39| A9 SDSE 1~2% A% H7kst
£ Zo) uigEitty BdE A

4) Bo|RE FE EYAAZE o83 1A E
FAR S AAg A, 382 AFelMe F
FE AAZTE 70~80%8}t XL 50~60%
ol NAHEES BYT, AHEEE 70% o
o2 Foly] st 2x MHE LA3 AF
78%2) ABELEE BRI 13k EGAIH A
AARREo] FEA EGAMH AR} o}
A B AL L& 24T ERAH R A
Bl 7193 Ao2 AdEHIH-

#Al 2

E dTE I dxrle AR G-7
project®] A7H] Yoz o]Fojgony oo
FA=EY

# 1 fd

Ho

1) West, C. C. and J. F. Harwell (1992),
Surfactant and Subsurface Remediation,
Environ. Sci. Technol., 26(12): 2324-2330.

2) 0|24, o|FA), olNE, AT, HEE, A&
F, #7471 (1993), LEEYF A3t YRl
A A7), FHEFATYER, A5,
303-314.

3) 7Z+<71 (1994), The Mobilization of Heavy
Metals from Contaminated Soil Using Low
Molecular Weight Organic Acids, Ph. D.
Thesis, Oregon State University.

4) A (1995), “In-situ EFAH7|H S o] &
3 CAEG Azl H8Ad A4 17, 4
AAEEF) 71ed T4 BaA.

5) Cline, S. R., and Reed, B. E. (1995), Lead
Removal from Soils via Bench-Scale Soil
Washing Techniques, J. Env. Eng., 121(10):
700-705.

6) A (1996), 3719 the BG4 9] Jt=F
3 spage) AR ABAE, EFEA
&3], Vol(1), 81-88.



