PZABFERDELB)A] Vol. 9, No. 4, pp. 52~61, 2004 KFEE>

ESME0 ofet HA H a5 2PEYS| S

"l%°_l1* . |§ ol.'l"..l-_El . 7I7°:I%2
ool 2 BAATL
a1 B33 va@Ael FANRAT

Remediation of Soils Contaminated with Arsenic and heavy
Metals by Soil Washing
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ABSTRACT

In order to remediate soils contaminated with oxyanionic As and cationic Zn and Ni through the pilot-scale acid
washing, the effectiveness of acid washing and the properties of contaminated soils, fine soil particle and dissolved
contaminants were evaluated. H,SO,4 and H;PO, washing at pH 2~3 enhanced the removal of As by the presence of
competitive oxyanions and HCI washing effectively removed simultaneously As, Zn and Ni. The effectiveness of
soil washing was little enhanced above the critical reaction time, and the carbonate, Fe/Mn oxide and organic/
sulfides associated fraction were dominantly removed. The washing of coarse soil particles was highly efficient, but
that of fine soil particles(< 74 um) was recalcitrant due to the enrichment with contaminants. Moreover, the physical
separation of fine particles(< 149 um) enhanced the overall efficiency of soil washing. Therefore, both chemical
extraction and separation of fine soil particles showed the high effectiveness of soil washing in the intersection point
to minimize the amount of fine soil particles and to maximize the chemical extraction of contaminants.
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Fig. 1. (a) pilot-scale soil washing equipment, (b) treatment unit of washing solution and (c¢) schematic diagrams of pilot-scale soil
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Table 1. The removal efficiencies of As, Zn and Ni calculated by the acid extraction

Particle Si U d Soil Untreated Soil Untreated Soil
article Size . r.1tree.1te ol Conconcentration (mg kg™ Adjusted Conconcentration (mg kg™)
(mm) Distribution (wt %) - -
As Zn Ni As Zn Ni
<0.074 24 66 513 73 1.6 12 1.8
0.074 to 0.14 4.8 59 451 70 29 22 33
0.149 to 0.25 10 48 423 56 49 44 5.8
0.25 to 0.42 19 43 371 69 8 70 13
042 to 0.841 93 35 346 70 33 32 6.5
0.841 to 10 54 29 285 75 16 154 41
Total 100 37 334 71
Particle Si T 4 Soil HCl Washed Soil HCl Washed Soil
article Size . .reat'e o! Conconcentration (mg kg™") Adjusted Conconcentration (mg kg™)
(mm) Distribution (wt %) - -
As Zn Ni As Zn Ni
<0.074 -
0.074 to 0.14 4.8 68 551 157 33 26 7.5
0.149 to 0.25 12 47 267 78 5.8 33 10
0.25 to 0.42 21 10 149 68 2.1 31 14
042 to 0.841 8.2 53 153 22 043 13 1.8
0.841 to 10 51 38 69 21 19 35 11
Total 97* 14(63%) 138(59%) 44(38%)
icle Si T 4 Soil H2SO4 Washed Soil ) H2SOs Washed Soil
Particle Size . .reat'e ot Conconcentration (mg kg_l) Adjusted Conconcentration (mg kg_l)
(mm) Distribution (wt %) - -
As Zn Ni As Zn Ni
<0.074 -
0.074 t0 0.14 5.8 72 537 149 42 22 8.6
0.149 to 0.25 12 27 322 87 33 10 11
0.25 to 0.42 18 6.5 152 70 1.2 27 13
042 1o 0.841 10 5.8 154 26 0.60 16 2.7
0.841 to 10 51 35 53 13 1.8 27 6.6
Total 97* 11(70%) 141(58%) 41(42%)
. . . H3PO4 Washed Soil H3PO4 Washed Soil
Particle Size . T.reat.ed Soil Conconcentration (mg kg‘l) Adjusted Conconcentration (mg kg'l)
(mm) Distribution (wt %) - -
As Zn Ni As Zn Ni
<0.074 -
0.074 10 0.14 4.8 46 516 137 22 25 7
0.149 t0 0.25 13 30 319 76 4.0 42 10
0.25 to 0.42 20 6.4 143 74 1.3 29 15
042 to 0.841 7.2 59 142 21 042 10 1.5
0.841 to 10 52 22 51 11 1.1 26 5.8
Total 97* 9(75%) 132(61%) 39(45%)

*The wt% of the treated soil was adjusted to account for the loss of 3% of the find soil(< 0.074 mm).
**() represents the removal efficiency based on the concentration variation with respect to the size fraction.

FoF HA oF 39 ofde] LEHEYe] T 4 T 364 mg/kg), YA 68 mg/kg(44~88 mg/kg)oltk. o]
SRl 2AEAe] Hsrel WS Aund, nas 3 odEAe 2548 Yeple 359 EA3EE
43 mg/kg(36~51 mg/kg)°IaL, o} 340 mg/kg (310~ Yolu7] SN BfeH AGFEHo wE EA FEE
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Table 2. Relationship between physical size separation and overall removal efficiency

Si ¢ ol A 1 Removal efficiency Removal efficiency Removal efficiency
ize o 1n.e particle verage rerpova (%) (H3POu) (%) (HCI) (%) (H2S04)
for separation (mm) of fine particles (%) - - -

As Zn Ni As Zn Ni As Zn Ni
0.074 24 63 59 38 70 58 42 75 60 45
0.149 7.5 72 67 49 82 67 54 82 68 54
0.25 20 87 76 62 91 79 69 93 81 69
042 49 93 86 82 94 87 87 96 89 89
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