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For the remediation of the contaminated scil with heavy metals, Cd, Cr, Cu, and Ph, the reaction parameters
were optimized. Tartaric acid (TA) and oxalic acidlCA) as a washing ageni were evaluated az a function of
conicentration, reaction time, mixing ratio of washing agent and recovery of metals, The optimum washing
conditions of TA and OA were in the ratio of 1 ¢ 20 between soil and acid solution during 2 hr reaction under
unbuffered pH solutions. At the optimized reaction conditions, the removal efficiencies were compared with that
of 0.1 M HCI and ethylenediamine tetraacetic acid(EDTA). TA showed higher efficiency on the removal of Pb
than that of EDTA, which established for the remediation of contaminated secil with Pb and Cd metals.

The recovery of metal ions from washing solution was achieved by adding calcium hydroxide and sodium
sulfide by forming the precipitation of metal hydroxide and metal sulfide. Optimum amounts of sodium sulfide
and calcium hydroxide were Cd = 25g/ 4, Cu = 5~10g/ ¢ and Pb = 5~10g/ ¢ for the washing solution of QA
and 2--bg/ ¢ for the washing solution of TA, respectively. The amounts of NaxS and CalOH); for the tartaric
acid was less than that of oxalic acid.

Key word | Contaminated soi, remediation, washing solution, tartaric acid, oxalic acid
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10g& 38 g2 3 FAwsjelA 1470 Agd &
2459 2749 52 23891 29 BY 59
50mM OA, TA 2 EDTA £ 5mE 242t H7kshsd
e 1A17E vhEgAlA oo F2] 2t FFE£E) FEE
2% AHF Table 1¢] ZZ G, THAHEY
d 2§ Cd, Cr, Cu @ Pbe ¥&¥ 4 270, 123
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Table 1. Concentration of heavy metal ions in solution

" after extraction from coniaminated soil by HCI,

oxalic acid, tartaric acid and ethylenediamine

tetraacetic acid.

Metals Extractant
Congentration g1 HCI- 50mM OA  50mM TA 30m EDTA
cd 7o 87 155 159
Cr 123 99 48 6
Cu 09 0 26 21
Pb B8 87 1053 37

0A%H TAS W& wtg Al wWE 44 F o &
9 2E& FEE £43% AE Table 2o vjehdfih
29 £9% 509 50mM OA 242 TA £9 25mE 24
Zt A7vetel Ag7|olA WhE A 1A ZE 222 54]
ez WHIAF|EA zhz 29 24 FHES
W OAst TA® F&F&L A 99 Add =ds9a
o 0AY A$ %9 Cd, Cr, Cu ¥ Pb= 22} 103,
125, 341 2 137ppmelzles, TAY Z4 Cd, Cr, Cu
9 Pb: 7}7} 155, 54, 238 W 107.5ppme vreh Sl
0Ax Cu$t Croll 58 54& Jehdidly, TAE Cu
s Phell $4°% AH Z7E vehigoh £ 2=
olF F3 A& 220 E nAH ARG
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Table 2. Effect of extraction time of oxalic acid and
tartaric acid solutions on metals extraction

Timelhr) 1 2 5
0A Cdlppm) 87 103 115
Cr{ppm) 99 125 128
Culppm) 20 Hl x4
Ph(ppm} 87 131 138
TA  Cdlppm) 155 155 154
Cr{ppm) 48 54 93
Culppr} 25 28 %3
Pb(ppmn) 106.1 1075 1206

32. AFA Fxeh E3h

EXAH E&E wol7] Mz AAA s R E
F2 qFe] Tt ol Fasth neA & dY
A= 30, 50 £ TomM F=2] 0A &4 TA 4%
Atgatel 2 EF bgoll AAAY v R EE E
Zehia £ F34 A A& 2AEHey, 2 2
7H Table 3% Table 4% Z+zk vehiUct 0A) 2+
Egvel FastA, ARAY sk Srde) uet A
A g&e 3 Frhste 5A4E vEhiden, §Y ¥
Lo ME EFZF F7HE el g Fobse A
vEbi s % TaY ASx AdAg =2t F0t
ol et ME ZE2 Frhste 54E dHEidg.
A FRAME EFuI FrHEd de ga FoEe
FAS vErA, ol #7] ARESY =7 Frbst
dEF Y #7] e olFdd AY Aol Tl
7] WEolvh, A9 A3 A Ele 1 02 Hehg
.

Table 3. Concentration of heavy metals in sclution after
extraction from contaminated soil at various
concentration and volume ratios of oxalic acid

Oxalic acid Concentration of metals (ppm)

Concentraticn Vol}lme cd Cr ' Cu o
ratio

30 mM 10:25 43 71 188 75
1.0:50 5.8 84 213 87
1.0:100 g1 85 32 16.1
10150 102 99 304 198
1.0:20.0 I8 108 32 193

A mM 1L0:25 65 93 265 125
10:5.0 10.3 125 1 137
1.0:100 119 126 350 178
10150 139 12.4 K31 182
1.0:200 148 132 33 206

70 mM 10:25 71 14.0 300 144
1.0:50 1.0 141 51 200
10100 131 140 %4 26
10150 144 153 B3 kil
1.0:20.0 155 159 3.0 281
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Table 4. Concentration of heavy metals in solution
after extraction from contaminated soil at
various conceniration and volume ratios of

tartaric acid
Tartaric acid Metals concentration (ppm)
Concentration Vol}lme Cr Ca Ph
ratio

30 mM 1025 115 32 191 700
1050 128 4.0 212 936
10:300 128 46 220 101.1
1.0:150 13.1 56 B2 1159
1.0:200 4.1 83 244 146.6

5 mM 10:25 145 43 225 9.7
1050 155 54 28 1075
1.0:10.6 158 76 45 1376
1.0:150 164 71 254 1410
1.0:200 170 10.7 %4 1548

70 mM 1.0:25 134 6.6 A1 1200
L0560 151 76 %59 1334
1.0:100 165 123 308 1774
10150 173 145 RO 1938
1.0:200 184 169 M5 2222

33 MAAAY pH Hale] @B 54

A gdel pHol we A a3g slasluz o
B¢k 5gd) HHA FE 50mMY TA% 0A £4€ 7
25mE wx 899 pHE 2tz 30, 45, 602Z =48
of 2A1ZE B¢t AEE F £3E B4 F5E S
ZA3E Table 50 Yebiit 0A9] #4 pHE 243
A 92 9y (pH 1.28)e A F5¥e] 73 &L Aoz
tbebwtch pH 30, 45 283 604 F23Y = 4
2 mZHrh okt gelAls #ake]l vebgn kA oA
TE o2y 5o o 44 L ¢ + 9ok TA(RH

188)8 295 vsd 54E JEngich

Table 5. Effect of pH of oxalic acid and tartaric acid
solutions on the extraction of contaminated soil

pH Nonadjusted” 3 45 6
OA Cdippm) 103 96 7.8 82
Cr{ppm} 125 100 145 10.7
Cu(ppm) 1 328 304 310
Pb(ppm) 137 90 i3.1 142
TA Cd(ppm) 155 104 102 85
Crippm) 54 42 69 87
Culppm) 238 217 153 117
Phippm) 1075 77 740 0.6
34. AlFEA & 2P0 4E B4
LdE} ol el M Aol EE 152 3§
o 50mM TA, OA, EDTA &< 2 34 ANE3g ol&

ate] FY Eo] dld 33 A% 348 24E Table 6
of 72 et F4 A1F el o 38 M3y
S W B F 7 TE9 ¥EE Cd, Cr, Cu ¥ Phe)
TEE Zizh 287, 230, 39.1, 207.1ppmel A},
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Tahle 6. Removal of metals over three successive
extractions using oxalic acid, tartanc acid,
ethylenediamine tetraacetic acid and HCI

Extraction Metals concentration (ppm)
No. Cd Cr Cu Pb
50 mM OA
1 10.3 125 341 137
2 28 80 6.3 31
3 23 6.2 0.7 36
Total 154 26.7 41.1 204
50 mM TA
1 155 54 238 1075
2z 6.1 6.4 38 449
3 09 5.1 1.2 6.1
Total 225 169 28.8 1785
50 mM EDTA
1 179 336 326 389
2 48 178 6.2 19.1
3 14 55 07 151
Total 24,1 56.9 395 731
0.1 N HCi
H 270 12.3 309 176.8
2 1.6 73 74 234
3 0.1 34 08 69
‘Total 28.7 23 39.1 207.1
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Fig. 1. Residual concentration of metals with the
added weight of Na,S5 and Ca(OH); added for
oxalic acid-extracted metal solution(Initial
conc. of Cd=10.3ppm, Cr=125ppm, Cu= 34.1
ppm: and Pb=137ppm, OGA 50 mM, Shaking
time=2hr)
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g. 2. Restdual concentration of metals with the
added weight of NasS and CalOH); added for
tartaric acid-extracted metal solution(Initial conc,
of Cd=155 ppm, Cr=bd4ppm, Cu=238ppm and
Pb= 107.5ppm, QA 50mM, Shaking time=2 hr)
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