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Abstract: This study investigated the mobility of inorganic elements (As, Cd, Pb, and Zn) that
existed as acid extractable and reducible forms in flooded soils with a pot experiment involving rice
cultivation. In general, it is known that soil inorganic elements that existed as an acid extractable
form which includes exchangeable, carbonates, non-specifically sorbed, and specifically sorbed have
mobility. However, the result of the experiment revealed that each inorganic elements of rice roots

grown from flooded soils had different characteristics. The concentrations of Arsenic existed as both
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forms and the concentrations of cadmium and lead existed as a reducible form in the soils showed

a high causal relationship with the concentrations of those elements in the roots of rice plants. The

concentrations of zing, an essential plant element, didn’t show a causal relationship. Therefore it is

necessary to consider the soil’s environmental characteristics such as drained/flooded condition,

oxidation/reduction condition, etc. for the mobility assessment of inorganic elements. The

concentrations of the reducible form of arsenic, cadmium, and lead in flooded environment such as

a paddy field should be also considered because the mobility of these elements combined with

Fe/Mn increases in the reduction condition.

Keywords : soil, inorganic element, existing forms, mobility, sequential extraction
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Table 1. Sequential extraction procedure for the study

Step Fraction Reagent and conditions Note

1 Acid extractable 0.11 M CH;COOH, shaken 16 h at room temp.

2 Reducible 0.5 M NH,OH - HCIl, pH~1.5, shaken 16 h at room temp. Larner et al. (2006)

3 Oxidisable 8.8 M H,0,, 1 h at room temperature, 1 h at 85°C,

1 M NH4sCOOCHEs, shaken 16 h at room temp.

4 Residual Aqua regia extraction KME (2013)
A&FEWol M AXeS SYstckTable ), F 2ASRD AES B9 By AYHE Bt
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Table 2. The concentrations of inorganic contaminants of the studied soils

Conc. (mg/kg, Mean + SD)
As Cd Pb Zn
Worrisome 25 4 200 300
Standard"

Countermeasure 75 12 600 900
GH 1.39+0.01 4.30+0.07 407.94 +0.69 501.54+0.59
GB 38.10+0.16 048 +0.12 10.37 +£0.37 71.99 +£0.67
. . NS 537+£0.44 0.52+£0.05 12.30+0.38 79.32 +£0.46

Studied soil

MB 221.48 +0.41 0.87 +0.06 61.10+1.08 7731+1.29
SD 6.14+0.05 0.67+0.02 27.19+0.45 114.84 +0.67
YI 8.32+045 0.81+0.01 19.26 £0.36 55.93+0.94

D Criteria for agricultural soil from soil environment conservation act of Korea
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Table 3. The soil texture and soil particle distribution of the studied soils

. Soil particle distribution (%)
Soil texture :

Sand Silt Clay

GH Sandy clay loam 53.93 23.47 22.59

GB Loam 43.56 30.69 25.75

. . NS Loam 35.83 37.78 26.38

Studied soil

MB Sandy loam 60.63 20.45 18.93

SD Sandy clay loam 62.15 12.13 25.72

YI Sandy loam 66.93 15.50 17.57

Table 4. The chemical properties of the studied soils (Mean + SD)

pH OM Av.-P>0s CEC Exchangeable cation (cmol./kg)
©) (%) (mg/kg) (cmolc/kg) Ca Mg K
Acceptable range" 6.0~6.5 25~3.0 80 ~ 120 - 50~6.0 1.5~2.0 | 025~0.30
GH 7.33+0.05 | 2.10+0.02 3.02+0.11 |13.69+0.12 | 10.51 +£0.02 | 0.62+0.00 | 0.14 +0.00
GB 6.53+0.02 | 2.03+0.02 | 468.44+7.96 |20.62+0.13|14.12+0.03 | 2.22+0.02 | 0.56 +0.01
Studied soil NS 4.82+0.03 | 1.41+0.06 79.04+£1.73 |11.60+0.21 | 427+0.02 | 1.10£0.09 | 0.17+0.00
MB 5.89+£0.07 | 3.67+£0.00 | 107.67+5.96 |10.84+0.08 | 5.73+£0.05| 0.48+0.01 | 0.14+0.00
SD 6.88+0.06 | 2.83+£0.02 | 267.18+7.94 |13.04+0.84 | 7.85+0.73 | 0.61£0.00 | 0.84 +0.00
YI 6.12+0.03 | 1.66+0.04 37784692 | 12.55+0.13 | 7.90+0.03 | 0.72+0.01 | 0.14+0.00

D Soil quality for rice growth (Yang et al. 2008)
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Figure 2. The variation of pH and ORP in soil solution.
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S2RITHKumpiene et al. 2008). whebA] o] 2igt 4 7l 8= EG F1da &
ol 9A 4] A G WoEE Hjae| oF i ofoll 9FA A&FE Avte] AlFAS gel
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7ol 24E Ao HHEIH, of Uetisleh, slead ALFEH AR
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Table 5. The recovery rate" of the BCR sequential extraction (%)

GH GB NS MB SD YI

Control 122 81 133 89 76 89

As Chemical fertilizer amended 96 110 116 96 86 98

Steelmaking slag amended 68 118 119 85 104 126

Control 105 109 84 68 76 92

Cd Chemical fertilizer amended 101 97 97 76 75 95

Steelmaking slag amended 97 85 91 63 56 93

Control 75 102 87 83 84 87

Pb Chemical fertilizer amended 73 98 86 89 86 89

Steelmaking slag amended 67 100 94 83 83 103

Control 87 101 100 88 89 95

Zn Chemical fertilizer amended 83 94 92 102 91 106

Steelmaking slag amended 77 101 100 89 98 94

DRecovery rate (%) = the sum conc. of each extraction steps / the conc. by aqua regia x 100
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Figure 3. The relationship of concentration of inorganic contaminants between rice roots and soils.
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Figure 4. The relationship of concentration of inorganic contaminants between unpolished rice grains and soils.
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