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ABSTRACT

This research was conducted to estimate the effect of sonication and reducing agent addition on soil washing of heavy
metals-contaminated soil. Sonication trained in soil washing did not significantly increased extraction efficiency of
heavy metal compared to soil washing only. The extraction efficiency of sonication trained in soil washing was 12%
increased for Pb in 0.01M EDTA leaching solution. Pb and Cd showed higher extraction efficiency in case of reducing
agent treatment with mechanical shaking than that with sonication. However, the extraction efficiency of Cu.and Zn in
case of reducing agent treatment with sonication was over 2 times higher than that in with soil washing. Therefore,
application of reducing agent addition with sonication or mechanical shaking should be decided differently for pre-
treatment of soil washing, according to the kind of heavy metal. It was estimated that sonication after adding reducing
agent could increase removal efficiency of Zn or Cu-contaminated soil and shorten the treatment time.
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Fig. 1. An ultrasonic generation system for this research.
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- Sample 1g + 8mL of 1.0M MgCl (pH 7.0)
- Shaking for thr { 200 rpm)
&4

- Add 8mL of 1.0M Sodium acetate (pH 5.0)
— Shaking for 5hr {120 rpm)

ei e oh

« Add 20mL of 0.04M NH.OH - HCH in 25% HOAc
-> Shaking for hr { 80 rpm, 96°C)
&

o1

+ Add 3mb of 0.02M HNOs and Smb of 30% HO (pH 2)
— Intermittent shaking for 2hr { 40 rpm, 857C)

+ Add 3mlL of 30% HOz (pH 2)
- [ntermittent shaking for 3hr { 40 rpm, 85T)

<Add 5 mbL of 32M NHOAc in 20% HNQs after
cooling

+ Dilute 1o 20mbL with distiled water

+ Shaking for 30min

4

+ Residual fraction = total heavy metal - sum of
fractional heavy metal in step 1-4

Fig. 2. Sequential extraction procedure for fractional heavy
metal analysis.
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Table 1. Concentration (mg/kg) of Pb, Cu, Cd, and Zn used in this research

Item Pb Cu Cd Zn
Exchangeable 366 24" 0.31 0.5) 1.58 9.9) 1.33 0.5
Carbonate 6,082 (40.6) 4.30 6.6) 1.31 8.2) 18.62 7.3)
. . Reducible 2,330 (13.5) 10.96 (164 0.85 (5.3) 10046  (39.2)
Contaminatedsoil .
. Oxidizable 323 2.2) 12.27 (18.9) 0.28 amn 37.22 (14.5)
Residual 5,899 (39.3) 37.44 (57.6) 11.99 (74.9) 98.38 (38.4)
Total 15000 + 993" 65 +3.7 1614 256 + 12
Background soil 60 24 0.9 60
Permission standard™" 400 50 1.5 300

"Mean concentration of 15 samples,

() = % Portion relative to total concentration,

wax

Relative standard deviation, ™**Soil

Contamination Care Permission Standard for industrial region in Soil Environment Conservation Act.
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Extraction Efficiency (%)
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40 4 EEE Soil Washing after Sonication

30 - (b)yCd

Extraction Efficiency (%)
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0.01tM 0.05M 0.05M
EDTA EDTA Citrate Citrate
Leaching Solution

Fig. 3. Comparison of extraction efficiency between soil
washing only and sonication-soil washing with
different leaching solutions.
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Fig. 4. Comparison of extraction efficiency between sonication
and soil washing after adding reducing agent.
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Fig. 5. Enhancement of extraction efficiency in soil washing by
pretreatment of reducing agent.

Korean Journal of Environmental Health, Vol. 33(1)



80 b % - Uk

B} e Ewol 001M EDTAR Haldt A$H
L T8-S JEPIRT o)2A Z2Lu5E TE B
AlHe AxE) dAEA A ArE EHE A S
F59] FR we} euL 7Eeg tgEA dAskof
g Aoz At

FAAZ DA T 3N B EWAFE AAE
EGNEHToR 1247 5 (150 rpm) A3 A4
o} "lwste] Fig. 5o Jepioit). Ao s gAH
- 12717 Bt anbel] o3 ERAIFTe 3 4
o, o T FAH REL 3] Hriz <l
271 E8g Jehinh 3514 Axzel] o8 s
72889 718 Ve AL Cuot ZnoE BE
SrjolA AAlE 10%14 BL A 35% F=E F&
aEo] /I T4 & U 48180 39%
2 7P =%a o] A9 ) HA2el] o3 ax
7t 7P Her o 2o B 164%) VER)
AL Cue] A= BdA AAzlol 93k a7} Ah
Ho= F Holrt. ]9} 722 Al Aol <3k
Zn®] FEE 89| F7R= Peters (1999)2] AFAT oA
= #EEgen 2 oy 71K BYAE AHE &
EDTA$} citrateZ EGA2] H2lgh Alolx] g4 A
A el8l Ho) 27%9] Zn2) AAEE F712 e
WA}, o)2gk o) 7]zl Znoht Cuoll o)) 2
TEE 099 EYY A 299 228 483 @

A AR PHE HEdohd AAEE IA S

o 1

2 o AT £ Bo] 9ENL - g
Aoz dddn.
v.d £

E AFME 34507 0d9 Ee Bk
22 HYste A 229523 FAE FUsE A
A7t BEFMEEE viXe S¢S Friele S
AH 888 T7MARTA HAlEeH, dojd A
L ot A

L 237 $2& EPNH AgdAsl] 2gg 2
I Pbe] A¥ AFE 00IM EDTA0A 2258&L
12% A% Z7WZHA Y EDTAS} citrate S0olA] A
WHos & 38 Bx Fath cdd AE BE
el 2~5% WZ mm3 $&28 2717} o
O|EN WEV|EEN Z2IAFEUS AMgEE AL A
AR D=3 Hlol 83T 2Sugso] B
CFERIE] BES TP % AxE) dhio
2 gHHoA] K3t

2. 3elA| AAEe] g FEEHER AolsA

c g

eltth Podt Cde Z29E A A3 A 2
Z1AA e 2 BUA A F EAAT Ae o
2 AAEE Jehliglon, Cust Znd 29z 39
A AXE G ATt 1A mo 2 BdA HFE B
PHAS A Bt 7 o] o] & AMTEES Ve
WSlth ESAAe] dxz AR BA dke 2
T 73 A Helwe 94 SR wE o
E2A dAsldel & Aoz Algdch

3. BA AAER £ 37 EGAAE 39S W)
7V # 32889 M vER AL Cus) Zno®
12X7F B9t EQAIATRS 3 A9t} BE Sl
AAE 10%904 B AS 35% A= FE2E80] F
718kt ol Znoly Cwoll 98l IEEE 299 &
o] AR 22u FEE F-E3 SgA FA
& Fg3thd AALE FA FUE S gen A
YA FE2AE IS Ao Fed.

He

KU
o

s

1. 399 : Soil flushing® |83 FF& LEEL &
3. A=, HAleel =i, 2002.
2. 599 : AFENZ 2 2971740] soil flushing &89

o

1A= G A=sla, HALEH9eg, 2003,

3.9, o), R, JNE B ulgRol
A8 w718l Belshety B4R} SRR
3, 28(2), 99-108, 2002.

4. Cline, S. R. : Efficience of Soil Washing/Flushing
Solutions for the Remediation of Lead Contaminated
Soils. Master Thesis, The College of Engineering
West Virginia University, USA, 1993.

S. Marin, A., Loépez-Gonzalvez, A. and Barbas, C. :
Development and validation of extraction methods for
determination of zinc and arsenic speciation in soils
using focused ultrasound application to heavy metal
study in mud and soils. Analytica Chimica Acta, 442,
305-318, 2001.

6. Narayana, K. M., Swamy, K. M., Sarveswara, R. K,
and Murty, J. S. : Leaching of metals from ores with
ultrasound. Mineral Processing and Extractive Metal-
lurgy Review, 16(4), 239-259, 1997.

7. Pérez-Cid, B., Lavilla, 1. and Bendicho, C. : Speed-
ing up of a three-stage sequential exraction method
for metal speciation using focused ultrasound. Analyz-
ica Chimica Acta, 360, 35-41, 1998.

8. Yong, R. N,, Yaacob, W. Z. W., Bentley, S. P., Harris,
C. and Tan, B. K. : Partitioning of heavy metals on
soil samples from column tests. Engineering Geol-
ogy, 60, 307-322, 2001.

9. BFY, IE, o, AR, U : 2Tk o
EoFe] Seleld JEWS) Helg 9% Uv o of
o AR 39 B8, A=A, 3105),
423-430, 2005.

Korean Journal of Environmental Health, Vol. 33(1)



10.

11.

12.

13.

14.

15.

16.

P

&3 0 el

In, B.-H., Park, J.-S. and Wan Namkoong : Effect of C/
N ratio on composting treatment of TNT-contaminated
soil. =T A 3] A, 32(6), 578-584, 2006.
Chlopecka, A. : Assessment of form of Cd, Zn, and
Pb in contaminated calcareous and gleyed soils in
southwest poland. The Science of the Total Environ-
ment, 188, 253-262, 1996.

Ure, A. M. : Method of Analysis for Heavy Metals in
Soils. Alloway, B. J. (ed.), Blackie and Sons Ltd., 40-
80, 1990.

Barona, A., Aranguiz, 1. and Elias, A. : Metal asso-
ciations in soils before and after EDTA extractive
decontamination : Implications for the effectiveness
of further clean up procedures. Environmental Pollu-
tion, 113, 79-85, 2001.

Raksasataya, M., Langdon, A. G. and Kim, N. D. :
Assessment of the extent of lead redistribution dur-
ing sequential extraction by two different methods.
Analytica Chimica Acta, 332, 1-14, 1996.

Tuin, B. J. W. and Tels, M. : Distribution of six
heavy metals from contaminated clay soils before and
after extractive cleaning. Environmental Technology,
11, 935-938, 1990.

Wasay, S. A., Barrington, S. F. and Tokunaga, S. :
Remediation of soils polluted by heavy metals using
salts of organic acids and chelating agents. Environ-

A A7t S

20.

21.

22.

HEYY B wAE 9% 81

mental Technology, 19(4), 369-380, 1998.

. Ma, L. Q. and Rao, G. N. : Chemical fraction of cad-

mium, copper, nickel, and zinc in contaminated soils.
Journal of Environmental Quality, 26, 259-264, 1997,

. Theodoratos, P., Papassiopi, N., Georgoudis, T. and

Kontopoulos, A. : Selective removal of lead from cal-
careous polluted soils using the Ca-EDTA salt
Water, Air, and Soil Pollution. 122(3/4), 351-368,
2000.

. Moirou, A., Xenidis, A. and Paspaliaris, 1. : Stabili-

zation Pb, Zn, and Cd-contaminated soil by means of
natural zeolite. Soil and Sediment Contamination,
10(3), 251-267, 2001.

Hwang, S. S., Park, J. S. and Namkoong, W. : An
ultrasonic assisted extraction to release heavy metals
from contaminated soil. Journal of Industrial &.
Engineering Chemistry, 13(3), in press, 2007.
Pérez-Cid, B., Lavilla, 1. and Bendicho, C. : Compar-
ison between conventional and ultrasound acceler-
ated tessier sequential extraction schemes for metal
fractionation in sewage sludge. Fresenius' Journal of
Analytical Chemistry, 363(7), 667-672, 1999.

Peters, R. W. : Chelant extraction of heavy metals
from contaminated soils. Journal of Hazardous Mate-
rials, 66, 151-210, 1999.

Korean Journal of Environmental Health, Vol. 33(1)



