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Abstract In this study, we sought to identify a soil stabilizer that
can be applied to paddy fields vulnerable to arsenic (As) pollution.
To this end, we conducted a pot experiment in which we evaluated
the effects of different stabilizers on the bioavailability of As in
paddy soil. As candidate stabilizers, we assessed calcium super-
phosphate (CSP), sulfur, and steel slag, which were applied at the
rates of 0.7 and 1.4, 0.1 and 0.2, and 7.0 and 14.0 Ma ha™!,
respectively. On day 67 after rice transplantation, we detected
significantly lower concentrations of As in the solutions of paddy
soil treated with 1.4 Maha™ CSP (96.9 ugL™") and 0.2 Maha™
sulfur (207.2 pg L") compared with the As concentrations in
control (314.5 pg L") and steel slag-treated (268.6-342.4 ng L")
soil. Compared with the As concentrations in control brown rice
(0.16 mg kg™"), concentrations in brown rice were lowest in the
pots treated with 1.4 Ma ha™! CSP (0.09 mg kg™"). Furthermore, in
response to CSP treatments, we detected increases in the weight of
rice grains (50.0-50.4 g/pot) compared with the control (40.4 g/

Ji-Hyock Yoo (P<))
E-mail: idisryu@korea.kr

Sung-Chul Kim (<))
E-mail: sckim@cnu.ac.kr

"Department of Agro-Food Safety, National Institute of Agricultural
Sciences, Wanju 55365, Korea

“Department of Bio-Environmental Chemistry, Chungnam National
University, Daejeon 34134, Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

pot) and other treatments (26.9-48.1 g/pot), which we speculate
could be attributed to the reduction in As toxicity to rice owing to
a decline in soil solution As contents and the fertilization effect of
the CSP treatment. Collectively, our findings indicate a high-level
application of CSP (1.4 Maha™) to paddy soil has a comparatively
beneficial effect in mitigating the bioavailability of As.
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Table 1 Rates of soil stabilizer application to pot soil

Treatment Application rate (Mgha™)
Calcium super phosphate 1x 0.71
Calcium super phosphate 2x 1.4
Sulfur 1x 0.10
Sulfur 2x 0.20
Steel slag 1x 7.0
Steel slag 2x 14.0
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Table 2 Physicochemical properties of the soil used in this study

pH EC? Total C Total N Clay Avail. P,Os Ex. K Ex. Ca Ex. Mg Ex. Na
(1:5) (dSm™) (%) (mgkg™) (cmol. kg™)
6.4 0.5 1.7 0.1 12.2 54.5 0.03 6.2 1.5 0.3
“Electrical conductivity
Table 3 The concentrations of heavy metal(loid) in the soil and steel slag used in this study
Element As Pb Cd Zn
Extractable concentration® (mg kg™) 43 252 2.1 60.8
. Soil 17.7 71.2 18.8 305.9
Total concentration (mg kg™")
Steel slag 1.6 1.5 0.08 203
Threshold value of soil contamination® 25 200 4 300
Maximum tolerable value of soil contamination” 75 600 12 900

0.1 N HCl was used for the extraction of Cd, Pb and Zn, and 1.0 N HCI was used for As extraction

"Total concentration in soil
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Table 4 The concentration of arsenic in soil solution at selected timepoints after rice transplantation

Application rate

As concentration in soil solution (ug L™)

Treatment 2
(Mgha™) 37 DAT 56 DAT 67 DAT 81 DAT 95 DAT
0 83.0+644 a A 2826150 a A 3145152 a AB  215.1£l.1 a A 1435£159 a A
Calcium 0.7 465£158 a A 2542£172 a A 22754683 ab BC  163.12912 a A 13994455 a A
superphosphate

1.4 451490 a A 1286%330 bA 9694286 b D  1712+178 a A 18024386 a A
0 83.0464.4 a - 282.6+150 a - 3145152 a - 2151411  a - 1435159 a -
Sulfur 0.1 118.1436.1 a A 22794503 a A 2278492 b BC 213.6£165 a A 1451£125 a A
02 12024342 a A 26384620 a A 2072¢135 b C 1873497 a A 1465467 a A
0 83.0464.4 a - 282.6+150 a - 3145152 a - 215.1£1.1 a - 143.5£159 a -
Steel slag 7.0 69.8452 a A 26234375 a A 26864438 a ABC 1847496.1 a A 1907125 a A
14.0 12624123 a A 33391015 a A 34244480 a A 2743497 a A 2004218 a A

DAT: Days after transplantation

Values denoted by different letters are significantly different from each other (Duncan’s multiple range test; p <0.05). Different lowercase letters within
the same column indicate significant differences for a given treatment and different uppercase letters within the same column indicate significant differ-

ences among treatments

Table 5 The concentration of arsenic in the stems, leaves, and brown rice of rice plants after the harvest

Treatment Application rate (Mgha™") As in rice stems and leaves (mg kg™") As in brown rice (mg kg™")
0 1.61£0.59 a A 0.16+0.05 a A
Calcium superphosphate 0.7 1.68+0.23 a A 0.14+0.04 a A
1.4 1.47+0.59 a A 0.09+0.02 a A
0 1.61£0.59 a - 0.16£0.05 a -
Sulfur 0.1 1.46+0.13 a A 0.13£0.02 a A
0.2 1.35+0.28 a A 0.10£0.02 a A
0 1.61£0.59 a - 0.16+0.05 a -
Steel slag 7.0 1.24+0.05 a A 0.10+0.01 a A
14.0 1.51+0.41 a A 0.12+0.03 a A

Values denoted by different letters are significantly different from each other (Duncan’s multiple range test; p <0.05). Different lowercase letters within
the same column indicate significant differences for a given treatment and different uppercase letters within the same column indicate significant differ-

ences among treatments
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Table 6 Concentrations of arsenic in dithionite-citrate-bicarbonate (DCB) extracts of the roots of rice plants from the pots treated with different soil

stabilizers after the harvest of rice

Treatment Application rate (Mgha™") As in DCB extracts (mg kg™")
0 133.1£13.2 a A
Calcium superphosphate 0.7 108.7+46.9 a A
1.4 90.0+12.4 a A
0 133.1£13.2 a -
Sulfur 0.1 78.3+3.4 a A
0.2 107.4+49.7 a A
0 133.1+13.2 a -
Steel slag 7.0 123.4+17.0 a A
14.0 110.6+15.2 a A

Values denoted by different letters are significantly different from each other (Duncan’s multiple range test; p <0.05). Different lowercase letters within
the same column indicate significant differences for a given treatment and different uppercase letters within the same column indicate significant differ-

ences among treatments

Table 7 Dry weights of rice grains and rice plants after the harvest

Treatment Application rate (Mgha™) Dry weight of grains (g/pot) Dry weight of stems and leaves (g/pot)
0 40.4+11 a A 40.6+7.6 a A
Calcium superphosphate 0.7 50.4£17 a A 46.5+13 a A
1.4 50.0£17 a A 47.7+2.4 a A
0 40.4+11 a - 40.6+7.6 a -
Sulfur 0.1 29.3+15 a A 43.6+2.3 a A
0.2 48.1x14 a A 45.6x17 a A
0 40.4+11 a - 40.6+7.6 a -
Steel slag 7.0 26.94+0.5 a A 32.9+1.2 a A
14.0 40.6+14 a A 43.747.6 a A

Values denoted by different letters are significantly different from each other (Duncan’s multiple range test; p <0.05). Different lowercase letters within
the same column indicate significant differences for a given treatment and different uppercase letters within the same column indicate significant differ-

ences among treatments
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