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Immobilization Study of Inorganic Priority Pollutants in Soil
with Amino Acids from Hydrolyzed Waste

Jeong Hwan Bang*, Nam Jeong Kim**, and Byoung Seok Moon***

HMAURE 2011 78 6Y/AIANRIEL: 20114 108 28Y

ABSTRACT The hydroxide precipitation method is appropriate to distinguish free metal ions with complexed metal ions
with amino acids. Optimum pH conditions of hydroxide precipitation were investigated using mixed amino acids which
have similar composition ratio with hydrolyzed amino acids. When applied to soil samples immobilities of Hg, Cr, and Cu
ion with mixed and hydrolyzed amino acids were reasonable. But those of Cd and Zn were not sufficient.

KEYWORDS hydroxide precipitation method, complexed metal ions, hydrolyzed amino acids, soil samples immobilities
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Table 1. Properties of selected amino acids

Amino acid pK, pK, pl OCCE:;;;Z 1(1(1) /:;aste
Glycine 2.34 9.60 5.97 27.7
Alanine 2.34 9.69 6.01 17.1
Proline 1.99 10.96 6.48 11.1

Glutamine 2.17 9.13 5.65 7.3

Tryptophan 2.38 9.39 5.89 6.5

Aspartate 1.88 9.60 2.77 59
Serine 2.21 9.15 5.68 52
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Table 2. Operating Conditions of ICP Measurements AZEom o] 94t AlA 9] 7Zne nTF B2
Description Condition BAE Qo o] o A&EIMAE= 1 pmeI et Ato =
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Torch type Demountable torch

Nebulizer type Glass concentric nebulizer

Spray chamber Cyclonic spray chamber

Nebulizer pressure 2.84 bar
Sample flow rate 1 L/min
Pump speed 20 rpm

Pressure of the manometer of argon 6 bar

Monochromator conditions

Grating 2400 grooves/mm double order
Entrance slit 20 um

Exit slit 15 pm
Focal length 1000 mm
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Table 3. The results of ICP analysis of soil before and after
acid washing

Elements before washing after washing
Cd N.D.# N.D.
Pb N.D. N.D.
Hg N.D. N.D.
Cr N.D. N.D.
Cu N.D. N.D.
Zn 6.4 ppm N.D.
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Table 4. The solubility product of selected compounds (25 °C)

Compounds pPK,*
Cd(OH), 13.6
Cr(OH), 30.2
Cu(OH), 19.7
Pb(OH), 14.9
Hg,(OH), 23.7
Hg(OH), 25.5
Zn(OH), 16.9

CdCO;, 11.3
CuCO, 9.9
PbCO, 13.1
Hg,CO, 16.1
ZnCO, 10.8
Cd,(PO,), 32.6
Cu,(PO,), 36.9
Pb,(PO,), 42.1
Hg,HPO, 12.4
Zn,(PO,), 32.0

Lange's handbook of chemistry, 13th ed.
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Table 5. Immobility of Cu complex with mixed amino acids by
hydroxide precipitation

Table 6. Immobility of Cr complex with mixed amino acids by
hydroxide precipitation

The ratio of Cr to Immobility, % (equation 1)

amino acids pH 12 pH 13

1:0 21.0 18.7

1:1 34.4 26.9

1:2 452 39.8

1:3 53.5 49.4

1:4 63.5 51.1

1:5 65.4 62.7
o] el Alglol Ao AT 2k 54 e Fel-
obulieAl HEe pHE| GRS W WA 4 o 4 9l

ATt
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Table 7. Immobility of Zn complex with mixed amino acids by
hydroxide precipitation

The ratio of Cu to Immobility, % (equation 1) The ratio of Zn to Immobility, % (equation 1)
amino acids pH 12 pH 13 pH 14 amino acids pH 12 pH 13
1:0 0 0 0 1:0 0.3 0
1:1 17.7 18.9 15.3 1:1 11.2 6.1
1:2 63.1 63.2 60.8 1:2 26.6 16.7
1:3 100 100 98.0 1:3 53.7 27.1
1:4 95.7 99.8 99.3 1:4 87.3 52.9
1:5 94.8 100 98.4 1:5 90.8 88.3
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Table 8. Immobility of Cd complex with mixed amino acids by
hydroxide precipitation 1004 R i
The ratio of Cd to Immobility(%) (equation 1) 80
mixed amino acids pH 12 pH 13 pH14 ]
1:0 0 0 0 % 60-] S
1:1 28.6 38.4 254 gg ol . E——
1:2 33.5 72.3 35.8 g ] /: —e—Cr
1:3 642 97.5 62.0 T 0l e /‘ —A—Zn
1:4 86.1 98.4 75.4 ] %A —v—Cd
1:5 98.4 100 88.8 0
T T T T T T T T T T T
1:0 1:1 1:2 1:3 1:4 1:5

o|N
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Table 9. Immobility of Hg complex with mixed amino acids by
hydroxide precipitation

The ratio of Hg to Immobility(%) (equation 1)

mixed amino acids pH 12 pH 13
1:0 15.1 13.7
1:02 27.3 26.9
1:04 64.1 63.3
1:0.6 100 100
1:0.8 104 91.9
1:1 100 90.0

I 75 e =2 M4F H2s

The ratio of metal ions to mixed amino acids
Fig. 1. Immobility(%) of Cu, Cr, Zn, and Cd complexes with
mixed amino acids at pH 12.
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The ratio of metal ions to mixed amino acids

Fig. 2. Immobility(%) of Cu, Cr, Zn, and Cd complexes with
mixed amino acids at pH 13.
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Table 10. The immobility(%) of metal ions in spiked soil after treatment with mixed and hydrolyzed amino acids

Elements
Amino acids pH cd He Cr Cu Zn
0.1 M 12 14.6 47.6 85.0 83.5 342
Mixed amino acids 13 11.4 43.4 84.5 84.1 31.3
0.01M 12 54.5 50.2 17.1 9.6 222
Mixed amino acids 13 58.0 48.8 17.8 11.6 325
0.001M 12 16.5 73.7 62.5 1.3 48.0
Mixed amino acids 13 16.0 75.2 61.7 1.5 472
. . 12 50.1 24.0 75.3 81.5 30.2
0.1M Hydrolyzed amino acids
13 51.8 23.3 71.5 80.9 29.0
. . 12 31.6 79.7 70.9 4.5 24.5
0.01M Hydrolyzed amino acids
13 31.4 81.0 72.3 4.4 23.2
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Fig. 3. The immobility(%) of metal ions in spiked soil after
treatment with mixed amino acids at various concentrations.
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