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Sequential Washing Techniques for Arsenic-Contaminated Soils
near the Abandoned Iron-Mine

Jung-Sung Hwang - Sang-il Choi* - Sang-Geun Han

Department of Environmental Engineering, Kwangwoon Universiy

ABSTRACT

Several tests were conducted to determine the optimum operational conditions of soil washing techniques for floc-forming
arsenic-contaminated soils, collected from D abandoned Iron-mine in Korea. The optimum cut-off size was 0.15 mm
(sieve #100), about 94% of the mass of soils. Both sodium hydroxide and hydrochloric acid were effective to remove
arsenic and the optimum mixing ratio (soil [g] : washing solution [mL]) was 1:5 for both washing agents. Arsenic
concentrations, determined by KST Methods, for the dried floc solids obtained from flocculation at pH 5~6 were
990~1,086 mg/kg dry solids, which were higher concentrations than at the other pH values. Therefore, batch tests for
sequential washings with or without removing floc were conducted to find the enhancement of washing efficiencies. After
removing floc with 0.2 M HCl, sequential washings of 1 M HCI followed by 1 M NaOH showed the best results (1.5 mg/
kg dry soil). The arsenic concentrations of washing effluent from each washing step were about 2~3 mg/L. However, when
these acidic and basic effluents were mixed together, arsenic concentration was decreased to be less than 50 pg/L, due to
the pH condition of coagulation followed by precipitation for arsenic removal.

Key words : Arsenic, Floc, Sequential soil washing, Hydrochloric acid, Sodium hydroxide
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Table 1. Particle Size Distribution of Soils and Arsenic
Concentrations

Si
1ev¢(:; . Accumulated Arsenic conc.*?
) PEOIME — 1ass fraction [%] [mg/kg dry soil]
size [mm)]
~4 ~4.75 16.8 1115
4~10 4.75~2.0 39.5 216133
10~20 2.0~0.83 65.9 242209
20~40  0.83~0.42 80.6 327164
40~60  0.42~0.25 89.0 363t5.6
60~100 0.25~0.15 93.9 417194
100~140 0.15~0.09 96.3 576+6.8
140~200 0.09~0.075 98.1 785+339
200~ 0.075~ 100 1,135+£37.8

#Average™ standard deviation for triplicate analyses
®Arsenic concentrations determined by the Korea Standard Test
(KST) Method
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Table 2. The Physicochemical Characteristics of the Soil

Parameters Values®
pH 8.4
Organic content [%] 54
Particle density [g/mL] 1.32
Uniformity coefficient [mm] 5.5
CEC [meqg/100 g] 15.4
Arsenic conc.’ [mg/kg dry soil] 321+32
Arsenic Conc.® [mg/kg dry soil] 1,706+ 250

*Average= standard deviation for triplicate analyses
by the Korea Standard Test (KST) Method
‘by the EPA Method 3050B

A F pHe EYCIIAANTH @7%H, 20020y &
L3150, {718 €2 organic content), EXUA H&=
(particle density)?} T5A15(uniformity coefficient)2] 7
Fole EFAEHEA oJste] AAlEar, dele X|EHE-
2HCEC, cation exchang capacity)2 EPA Method
9080 (US EPA, 19972)0F A3 TH(Table 2).

Eo 9@ Ax ZY U EAEHE vlA FEs EYR
EEFAAEHS o8t AAMY st HlA AL
ICP-OES(PerkinElmer, Model: Optima 2000DV, USA)
9} AAS(SHIMADZU, Model: AA-6401F, Japan)E ©|
3t on, 53] AdREried vEes Ak H
2] ti3F 2442 AAS-HVG(SHIMADZU, Model: HVG
1, Japan)S ARE-3}SIT}

ESFT AT oJal £4E vlA s oF 321
+32 mgkg dry soil2 EFSARAY &N, 2002b)
7HAE 2 YA -H7IEX @A 6, 20 mgkg dry
soi)E 2= AL & F ARUer, EPA Method
3050B (US EPA, 1997b)l] 9|8+ Blie] HE=L 1,706
+250 mg/kg dry soil®]SIT}.

B4 2% Fule JEFEY Kim e al, 2003)&
Table 3. Sequential Extractiona Concentrations for Arsenic in
the Soil

Steps  Fraction As conc.*® %
1 Soluble 32102 0.2
2 Adsorbed 634+1.8 45
3 Carbonate 453+4.4 32
4 Organic matters 37.9+34 2.7
5 Easily reducible oxides 64+138 0.5
6 Amorphous oxides 193+45 1.4
7 Crystalline minerals 1,236+ 107.5 87.5

Total 1,411.5£123.6 100

“Average= standard deviation for triplicate analyses

’mg/kg dry soil
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2.2. Cut-off size MM
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Table 4. Arsenic Concentrations Determined by KST Method for Sequentially Washed Soil Samples and pH Values of Washing
Effluents (soil mass = 20 g, mixing ratio= 1:5, temp.= 20 £ 0.5°C, shaking time = 6 hr, shaking intensity = 300 rpm)

Exp. Step #1 Step #2 Step #3 As conc.*® pH?
1 M HCI 4.0+2.03 04510.05
1 0.2 M HCI1 1 M NaOH 0.2 M HCI 11.1=1.16 3.52+0.05
1 M NaOH 8.7£0.82 13.52+£0.05
1 M NaOH 1.5+£0.34 13.25£0.05
2 0.2 M HCI 1 M HCI 0.2 M NaOH 2.1+£0.27 12.77+0.05
0.2 M HCI 6.2+0.39 0.93£0.05
1 M NaOH 55+0.15 13.45£0.05
3 0.2 M HCl1 0.2 M HCl 1 M HCl 5.1+£0.38 0.30£0.05
0.2 M HCI 9.6+0.00 0.861+0.05

®Average= standard deviation for triplicate analyses

*mg/kg dry soil
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Fig. 1. (A) Arsenic concentrations in washing effluents after soil washing using different concentrations of NaOH or HCl, and (B)
remaining arsenic concentrations using the KST Method (soil mass = 50 g, mixing ratio = 1:5, temp. = 20 0.5°C, shaking time = 6 hr,
shaking intensity = 300 rpm).
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Fig. 2. Effects of mixing ratio on soil washing (soil mass = 20 g,
temp. = 20 +0.5°C, shaking time = 6 hr, shaking intensity = 300
pm).
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Fig. 3. Remaining arsenic concentrations using the KST Method
for the sequentially washed soils using NaOH and HCl (soil mass
=20 g, mixing ratio = 1:5, temp. = 20 £0.5°C, shaking time = 6
hr, shaking intensity = 300 rpm).
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