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Abstract

This study has been carried out to examine the feasibility of soil washing process for reducing arsenic con-
tamination level of soil around Dalchén Mine. The results of physicochemical tests of the target soil showed
that pH was weak alkalic (pH~=7.8), soil texture was coarse sand, and organic contents (5.7%) and CEC (Cation
exchange capacity; 21.5 meq/100 g) were similar with those of soils generally found in Korea. Contamination
levels of arsenic were found to over 201 mg/kg which exceed the Korea standard levels of countermeasure
and concern. To investigate chemical partitioning of heavy metals, sequential extraction procedures were adopt-
ed and it was found that arsenic was predominantly associated with the residual fraction among five fractional
forms as much as over 85%, which is demonstrating that only less than 15% of all might be vulnerable to
a selected washing agents. Among 6 kinds of washing agents applied on the screening for arsenic-contaminated
soil, HCl and H3PO, solution were selected as promising washing agents. In comparison with HCI and HsPO,
solutions for arsenic washing by kinetic experiment in the change of pH, soil-solution ratio, temperature, and
washing solution concentration, H;PQs solution was determined to best one of agents tested, which showed
faster washing rate than HCI to accomplish regulatory goal.

Key Wonds : Arsenic contaminated soil, Soil washing, Mine tailings, Sequential extraction.
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AHaEe] THE AshA Fde AHY HdAo)
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1x107, 5x10%, 0.1, 0.5, 1 M. 2 ZAE 67}A A%
H& 742t 100 mi¥ F &3] F3ste vy FHlE ¥
o ¥& tg vl E =1, 20°Ce} 32 shakerol] A

Table 1. Summary of sequential extraction procedures
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E o) A v & FTS Hrletr] A8
Bk o AFHd ¥)E 001, 0.02, 0.05,0.1. 022 3o
12717t Bt w8 Al oW, vkg-o] 't & A48}
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< olg3lger, x5 dASA A3 Y3t
o] 3L 47 shaker® A&l 20°CE §X5+a,

Step Operational definition

Chemical reagent-and conditions

1 Exchangeable

1 g is extracted at room temp. for 1 h with 8 ml of 1 M MgClL (pH 7) with
continuous agitation.

Bound to carbonate or
specially adsorbed

To Step 1 residue add 8 ml of 1M NaOAc adjusted to pH 5 with HOACc,
shake for 5 h at room temp.

3 Bound to Fe or Mn oxide 96 °C for 6 hr.

To Step 2 residue add 20 ml of 0.04 M NHOH - HCl in 25 % HOAc at

Bound to organic and

To Step 3 residue add 3 ml of 0.02 M HNO; and 5 ml of 30 % H,O, (pH

4 sulfide 2) and heat to 85 °C for 3 h; finish with 5 ml of 3.2 M NHsOAc in 20 %
HNO; and agitate for 0.5 hr. :
5 Residual To Step 4 residue add 2 ml of HCIO4 and 10 ml of HF, heat to near dryness;

finish with 1

ml of HCIO, with the residue dissolved in 12 M HCIL
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Table 2. Physicochemical characteristics of the arsenic-contaminated soil

. . Particle size . Organic CEC
Particle size(mm) | 5. tion(%) Soil pH content(%) As (mg/kg) (meq/100 g)
2.000< 425 7.61 6.40 1913
2.000 - 0.850 61.88 7.82 7.30 201.0
0.850 - 0.425 21.95 7.80 624 2119
0.425 - 0.250 4.56 7.78 19.66 2012 215
0.250 - 0.106 6.86 7.89 6.26 175.4
0.106 - 0.075 0.29 7.93 5.54 160.7
0.075 > 021 7.97 411 )
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Fig, 1. Comparison of fraction-specific percentages of
arsenic from soil by sequential extraction procedures.
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Fig. 2. Removal efficiencies of arsenic by various ex-
tractants with different concentration. Initial ar-
senic concentration = 201 mg/kg, Soil : solution
ratio = 1 : 10, Temp.= 20°C, Reaction time = 6
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Table 3. Change in pH before and after reaction of soil with different concentrations of various extractants
Concentration (M) Citric acid | CH;:COOH HNO; H;PO, HC1 EDTA DAYA
0.001 Before 3.17 3.52 2.86 322 272 2.70
’ After 7.24 7.55 7.51 6.75 7.50 7.45
0.01 Before 2.56 3.29 2.41 2.44 2.03 1.71 5.44
’ After 6.08 6.58 6.46 5.52 6.36 6.20 (Before)
0.05 Before 221 2.98 1.92 1.95 1.50 -
’ After 5.59 5.83 5.73 4.65 5.74 -
01 Before 2.05 2.84 1.63 1.85 1.16 -
’ After 5.47 5.51 5.41 427 5.44 -
0.5 Before 1.69 2.64 1.23 1.47 0.51 - 8.65
’ After 2.83 4.85 4.84 3.42 4.80 - (After)
1 Before 1.48 240 1.06 1.29 0.18 -
After 2.49 436 0.41 1.99 0.36 -

*D.W : Distilled water
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Fig. 3. Concentration of arsenic extracted in the lapse of
time. Soil : solution = 1 : 10, Temp. = 20 °C,
Initial pH = 0.5(HCl); 1.4(H;PQ,). Initial conc. =
201 mg/kg.
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Fig. 4. Concentration of arsenic extracted as a function of
soil to solution ration. Temp. = 20°C Initial pH =
0.5(HCl); 1.4(HsPOq), Initial conc. = 201 mg/kg,
Reaction time = 12 hrs,

Table 4. Reaction equations and reaction rate constants for arsenic washing from contaminated soil

Washing solution | Reaction order Reaction equation Reaction constant, k | Correlation coefficient, r
HCl 1 Ln(C/C,) = -0.0035 t 0.0035 0.8207
2 1/C-1/C, = 2.53x10° ¢ 2.53x10° 0.8703
H.PO 1 Ln(C/C,) = -0.0424 t 0.0424 0.9949
s 2 1/C-1/C, = 0.0028 t 0.0028 0.9137
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Table 5. Reaction time required for removing arsenic from contaminated soils up to clean-up goals using second order

reaction rate constants

Initial concentration of As (mg/kg)

Cleanup goal (mg/kg)

Washing solution | Reaction time required (min.)
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Fig. 5. Concentration of arsenic extracted as a function of
soil to solution ratio. Temp. = 20°C, Initial pH =
0.5(HCl); 1.4(H3PO4), Initial conc. = 201 mg/kg,
Reaction time = 30 min.
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Fig. 6. Concentration of arsenic extracted by 0.5 M HCI
and H;PO4 at different temperature conditions
with respect to soil particle size. Soil : solution
=1 : 10, Initial conc. = 201 mg/kg, reaction time
= 12 hrs.
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