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Performance Evaluation of the Field Scale Sequential Washing Process for the
Remediation of Arsenic-Contaminated Soils

Sang 11 Choi* - Kang Hong Kim - Sang-Keun Han
Department of Environmental Engineering Kwangwoon University

ABSTRACT

This study was carried out to evaluate the feasibility of field-scale sequential soil washing process for remediation on
Kyongsangnamdo D mine soils which was heavily contaminated by arsenic. Arsenic concentration of untreated soils was
321432 mg/kg. By applying the basic operating condition which was proposed from several pilot-scale experiments,
arsenic concentration of treated soils was reduced 2.04 mg/kg (99% removal efficiency). We optimized the basic operating
condition (mainly on washing solution concentration, cut-off size, and mixing ratio) to mmprove efficiently and
economically the field-scale sequential soil washing process. The resulting optimized conditions were that solution
concentration is 0.2 M HCI, 1.0 M HCI, 1.0 M NaOH, that the cut-off size is 0.15 mm (seive #100), and that the mixing
ratio is 1: 3. Also, the optimized pH value for soil washing effluent treatment was 6 (33 ppb), in which the precipitation
disruption caused by supersaturation of the floc did not occur. Results of TCLP tests showed that arsenic concentration
from the washed gravels was 1.043 mg/L, that from soils ND (not detected), and that from filter cakes 0.066 mg/L. Also,
the water content as a percentage of dewatered sludges was low (48%) and so the dewatered sludges can be disposed by
landfilling. Through these results, we can conclude that the field-scale sequential soil washing process developed in this
study is adopted for remediation of arsenic-contaminated soils.
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Fig. 1. Field-scale sequential soil washing process flow diagram.
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Fig. 2. Field-scale soil washing system.
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Table 1. Design factors of each unit process
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Device Spec. Remarks
i 10 m*/d
Wet vibrating feeder Capacﬁy . sy
Oversize reduction 50 mm
Capacity 0.7 m*
HCINaOH agitator Air flow rate 195 /min High-pressure jet air
nozzle (3 ea)
Sand pump 3.75 kw, 380 V
Capacity 10 m*/day
Pri i i L. %
Washing apparatus rimary washmg unit ' 5 kw, 380
Secondary washing unit 2.25 kw, 380 V
Compressor 15 kw, 380 V
Dewatering screen Capacity 12.5 ton/hr
Hydrocyclone 30 m*/day
Clarifier 5 ton
Filter press 2,000 L, 1.5 kw, 380 V
Agents tank 0.5 ton
Water tank 3 ton

Journal of KoSSGE Vol. 10, No. 6, pp. 68~74, 2005



>

17 frxlsted AR 3, R Ese] JAE FeA|
Qb filter press BAXE o]FAIZ] TR 0.150
m °J8le] UA=INS 2= filter cakeQE HIEZIC) =

2742 ]7\1 35 BelE AXRETe AWiE 59
A TAFE AL

=i mlm

>

3.2, EH“’E?} al =U_&:|HI-|:H

E @7olxEs D B4 EYl tigked field 72 14
EGNAFAS Hesin). oPdEYY] 52 - 38 5
A, 974 B 2 97 Ny R, d&FEY
(Kim et al, 2003y 3 v¥la ZFIH uo} 5&
lab-pilot TFE.2] AFEAA 2, 2004; 378743 2], 2005)
< Fasigdcth AR #1E EoF 2 flog Woll EAlsk=
H)40] = 42 EGQATHAITH @, 2002211
w2} AAEE F, ICP-OES(PerkinElmer, Model: Optima
2000DV, USA)$} AAS(SHIMADZU, Model: AA-6401F,
Japan)& ©|83IH o, MEFEFU nlEoR EXs)
i HAE AAS-HVG(SHIMADZU, Model: HVG 1,
Japan)E ©]-83t 48Tt 58S AA wiEE HA
2 W E9F filter cake®] WiHAY 7lsAE W=
A e E pHt B AW fES 1Hst
o I J%]ﬂgﬁvgﬁlﬂ‘ﬁ(ﬂ AEL 2002b)2] S8
(pH 5.8~63)RT} 22 pHO| F=8l(pH 2.88~4.93)%
AHg8R= EPA Method 1311(US EPA, 1997b)2] TCLP
(Toxicity Characteristic Leaching Procedure)S %83

otk

3.3. 9_:|_/_|.§ EotAﬂi-IAléd
]—’—-»] lab - pilot & AFE 3l =58 V)2 &
LAEY BYA] BT AASE =ol7l ¥
g %ﬁ&?ﬂ% 283l AALEE 3’3}91‘4. 71
AXHAOZE 02 M HCE: ARSI flocs BAIAIZ
2-39 M&HIGelN ZH2F 1.0 M2} HCIY} NaOHE 2]
B3t JERIEY [g] - AHEH [mLD= 1:5, A%
E"W]X”‘XH 1-23F A2 HEEE 42} 6, 2.5
pmlE A5, PAER] cut-off sizeE 2.000
mm(sieve #10)~0.150 mm(sieve #100)2 g3l )3

< FaElgeh =8 A AT SRS =E5)
st AHAY FE, cut-off size, FEH 5 37149

SAVAE 747 zFelo] AHSLTHTable 2)

4. & ¥ S3HX| ®z2|
pH zAd] e §E5U Bkl AA B el

HHl: edER Y3t 5a Bt 71

Table 2. The operation conditions for testing the washing
efficiency

Sol. conc. [M] Cut-off size Mixing ratio
(HCI-HCI-NaOH) (Sieve No.) (soil [g] : sol. [mL])
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(0.150 mm~2.000 mm) 1:3
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0.2-0.5-0.5 #10-4100 1:5

(0.150 mm~2.000 mm)
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Table 3. Arsenic concentrations by KST* method for squentially washed soil samples

Ex Sol. conc. [M] Cut-off size Mixing ratio As conc. b
P (HCI-HCI-NaOH) (Sieve No.) (soil [g]:sol. [mL]) ’
1 5104100 1:2 4.7240.12
2 (0.150 mm~2.000 mm) I3 2.30+0.10
3 0.2-1.0-1.0 1:5 2.03+£0.10
4 #10~#140 1:3 11.23+1.02
5 (0.105 mm~2.000 mm) 1:5 2.4940.16
6 #10~#100 1:3 7.50+0.45
7 (0.150 mm~2.000 mm) 1:5 2.34+0.15
0.2-0.75-0.75 -
8 #10~#140 1:3 9.25+0.64
9 (0.105 mm~2.000 mm) 1:5 9.11+0.57
10 02-0.505 #10-3#100 1:5 745:0.43
(0.150 mm~2.000 mm)
* Korea Standard Test
® Averagerstandard deviation for triplicate analyses
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Fig. 3. Arsenic and other heavy metal concentrations in washing
effluent.
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Table 4. TCLP?® results of washed soils and dewatered sludge

Samples As cone.b*
Washed gravels 1.043+0.230
Washed soils ND¢
Filter cakes 0.066+0.090

# Arsenic extraction standard : 5 mg/L
® Averagetstandard deviation for triplicate analyses

CmgL
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TEE BRSO, o7l 5437221 pH 6ollX=
Z5ol] gallEe] YW FHolo] B-8Ae] HlES
FA5ka o] B84 floco] IAHHWA BH Fxfol}
3 (coprecipitation)ol] -JOPOE] &S Ggdow 75}t
7] WjEo)th(Ford, 2002). T3}, pH 8R-ZoMe B84
o] dFulg FAksHEo] f‘é*éFM e e A
2 7R BAE AAS] WE] AR vekErt
(Gregor, 2001). &t} pH 7010l Me &3k A2
H/9E floco] ol HE3IE O] 30~40% A FT I
ol B4 e @4s AT 5 U, oA AR
& Ao EAE AEAFC webA] B8R 38 &
2g 9% 218 pH 60] AHEE Zlog AGEHITH
AHEHE v AR 3 BT filter cakeol] T
slo] TCLPHE A&ale] 858 vl $&5 B4
A= Table 494 2k 194 M2 & vigd HHES
7} 3Rl AHE 2% AR #E AX¥E T gt
A& AR &R T BT 7IEA] oBlE AEE,
Wj@xig7) 7Pse Aoz Bl w3 gy &8
2] SR B 48%E W7 IZHR @R, 2002d)
o el FEIF JIEEs% ohel HEHS & &

ATt

5. &4 B
1. THAHESK) thEt field TR A% EokA|2EA A&
A AA 2 g8 ATE 9l FHed $Xxd T

AlFA F% 02 M HCL 1.0 M HCIL, 1.0 M NaOH,
cut-off size 0.150 mm, AEH] 1:30] 7} T 7o
2 A=A

2. AAFES 2EA] pH 68 0lA 285 VIEER
Q1 50 ppbell Z&3t 33, 49 ppbe] FEE YERAA O,
pH 7o)delMe &89 &5l 349 floce] o] 7}
ZslE]o] 30~-40% A Fol= FHo] HA ghe dAtol
LAt M2 E8-8 APAZIER pH 60] HHe] A

3.8 Od:f“’ﬂjﬂ a St field TE A4 EYAIATEL
FZ uiey AL 2 EY9 filter cake©] TCLPHO
o3l 2&u|A FEU|ES TiEsi ) g4z

25 ArgRee SUA SRR A1Ee BEs]
v dxjg)7} 7hsdlEE E849 BT AARIY.

4. Field THE. 9 EORHEA S e} 22
TE HA QLAEY FeTFs & Bk o), o
AE TS SHEYE B AtllA AAIGE &%
< A3 A3l 2gehd 8207 Beo| /bF
Aoz A=t

: ri i

et

B Avs 20044
*}?jﬂr 20059 % 5& A
el oJ3) =™ olof] ZAL=HUch

o] ARl 27, HAIW, vkEAL B, 248, TR, 1998,
HBLF A o] Bl A2 ol ?‘5&—?%% R AR v XS
& L AT, IR ERAEE)A, 3(2), 13-29.

AR 20020, EXQ Y Xé 19%

S5 2002¢, EXSHE R A,

R, 20020, H 71539210

235 2002d, H 712 HEH.

S84, #dd, 45, 2004, Hlﬁ\& Lﬂ_ kol] T sk EOkA)
27]59] 2840 A, FHABRTES #321 1,9(1),104-111.
979, #dd, $Pdt, 2005, 5 E HH AT OHEE

ol that A4 A 1718l A8, i e e
10(1), 58-64.

Ford, R.G, 2002, Rates of Hydrous Ferric Oxide Crystallization
and the Influence on Coprecipitation Arsenate, Environ. Sci.
Technol., 36(11), 2459-2463.

Gregor, J., 2001, Arsenic Removal during Conventional Alu-
minium-Based Drinking-Water Treatment, Wat. Res., 35(7),
1659-1664.

Kim, J.Y., Davis, A.P., and Kim, K.W., 2003, Stabilization of
Available Arsenic in Highly Contaminated Mine Tailings Using
Iron, Environ. Sci. Technol., 37, 189-195.

USEPA, 1997a, Innovative Treatment Technologies: Annual
Status Report 7th ed., EPA 542-R-95-008

USEPA, 1997b, Test Methods for Evaluating Solid wastes,

Journal of KoSSGE Vol. 10, No. 6, pp. 68~74, 2005



74 A9 - RE -
Physical/Chemical Methods (SW846), 3rd ed. U.S. Govern- West, C.C. and Harwell, J.F., 1992, Surfactant and Subsurface
ment Printing Office: Washington, DC. . Remediation, Environ. Sci. Technol., 26(12), 2324-2330.

Journal of KoSSGE Vol. 10, No. 6, pp. 68~74, 2005



