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Heterogeneous distribution of radiocesium in the environment emitted from the Fukushima
Daiichi Nuclear Power Plant
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We analyzed137Cs in aerosols, rocks, soils and river suspended sediments collected after the Fukushima Daiichi Nuclear
Power Plant (FDNPP) accident. Based on the results of analysis, we discussed the behavior and transportation of radiocesium
in natural environments after the accident. First, radionuclides were emitted from FDNPP as hot particles transported by the air,
which contained water-soluble fractions of radiocesium. Radiocesium still existed in water-soluble fractions just after deposition
on the ground. Subsequently, interaction of hot particles with water (e.g. rainfall) dissolved and strongly fixed radiocesium on
rocks and soil particles, which changed radiocesium into insoluble form. The distribution of hot spots was possibly controlled
by the initial position of deposition on the ground. Consequently, hot spots were studded on the surface of rocks rather than
uniformly distributed. Cesium-137 concentrations of< 2 um fraction of rocks, soils and river suspended sediments were higher
than those of the corresponding bulk samples. The distribution of radiocesium in river suspended particles was not homogeneous
during transportation by way of rivers, reflecting the heterogeneity of radiocesium in rocks and soils. Leaching experiments
demonstrated that radiocesium in rocks, soils and river suspended sediments were fairly insoluble, showing that the adsorption
reaction is irreversible. The heterogeneous distribution of radiocesium in aerosols, soils and suspended particles is originated
from the presence of hot particles in aerosols. Dissolution of radiocesium in the hot particles in the aerosols and subsequent
irreversible adsorption on the soil particle complex are responsible for the preservation of the heterogeneity in soils and also in
river suspended particles. The present results showed that their radioactivities are retained by only a part of the constituent in
soils and suspended particles originally transported as hot particles in the aerosols.
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