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Effects of Contamination Source and Particle Size on Arsenic Speciation
and Bioaccessibility in Soils
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ABSTRACT

In this study, we evaluated effect of particle size on arsenic solid-state speciation and bioaccessibility in soils highly
contaminated with arsenic from smelting and mining. Soils were partitioned into six particle size fractions (2000-500 pum,
500-250 pum, 250-150 pm, 150-75 pm, 75-38 um, <38 um), and arsenic solid-state speciation and bioaccessibility were
characterized in each particle size fraction. Arsenic solid-state speciation was characterized via sequential extraction and
XRD analysis, and arsenic bioaccessibility was evaluated by SBRC (Solubility Bioaccessibility Research Consortium)
method. In smelter site soil, arsenic was mainly present as arsenic bound to amorphous iron oxides. Fine particle size
fractions showed higher arsenic concentration, but lower arsenic bioaccessibility. On the other hand, arsenic in mine site
soil showed highest concentration in largest particle size fraction (2000-500 um), while higher bioaccessibility was
observed in smaller particle size fractions. Arsenic in mine site soil was mainly present as arsenolite (As,Os) phase, which
seemed to affect the distribution of arsenic and arsenic bioaccessibility in different particle size fractions of the mine soil.
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Table 1. Experimental conditions for arsenic sequential extraction (Wenzel et al. 2001)

Fraction Reagent Extraction condition
1 0.05M (NH,4),SO4 4 hr reaction at 150 rpm and 20°C
2 0.05M NH4H,PO, 16 hr reaction at 150 rpm and 20°C
3 0.2 M (NH4),C,04/H,Cy04, pH 3.25 4 hr reaction in dark at 150 rpm and 20°C
4 H,C,0, + 0.1 M CgHgOg, pH 3.14 0.5 hr reaction at 150 rpm and 99°C
5 Aqua regia (3:1 HCl: HNO;) 2 hr reaction at 70°C
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Table 2. Chemical characteristics of soils
. Organic Metal concentration (mg/kg)
P matter (%) As Pb Cu Zn Fe Mn
S1 4.99 3.09 34.5 140 65.1 84.3 22400 134
S2 4.87 2.04 6840 242 26.3 92.7 17100 1060
Korea concerning level - - 25 200 150 300 - -
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Fig. 2. Particle size distribution and organic matter contents of soils collected from (a) smelter and (b) mine sites.
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Fig. 3. Concentrations of (a) arsenic, (b) lead, (c) copper, and (d) zinc in different soil particle size fractions.
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