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ABSTRACT: The Fukushima Daiichi Nuclear Power Plant
(FDNPP) accident released the most significant quantity of
radiocesium into the environment since Chernobyl, and detailed
measurements over the initial 5 years provide new insights into fluvial
redistribution of radiocesium. We found that the high initial activity
concentration of 137Cs-bearing suspended sediment in rivers was
followed by a steep exponential decline (λ1) which extended to
approximately 1 year after the accident, while the rate of initial decline
in radiocesium activity concentration in water was an order of
magnitude higher than rates measured after Chernobyl. Fluvial
transport of 137Cs to the ocean from the Abukuma river totaled 12
TBq between June 2011 and August 2015 and almost all this
radiocesium (96.5%) was transported in the particulate form. The
primary sources of 137Cs were paddy fields, farmland, and urban areas
[plaque-forming unit (PFU)], discharging 85% of the exported 137Cs from 38% of the watershed area. After 1 year, activity
concentrations were lower and exhibited a more gradual secondary decline (λ2) which was associated with reduced radiocesium
losses from PFU areas, while forest areas continue to represent more stable contaminant stores.

■ INTRODUCTION

The Fukushima Daiichi Nuclear Power Plant (FDNPP)
accident released the most substantial quantity of radiocesium
(134Cs and 137Cs with half-lives 2.07 and 30.1 years,
respectively) into the environment since Chernobyl,1 and the
its deposition in the terrestrial environment may present
significant radiation dose risk.2,3 The recovery of the marine
environment from Fukushima contamination is now relatively
well understood4 including a possible new source from beach
sand,5 but the pattern of radiocesium redistribution in the
terrestrial environment and riverine transport to the ocean is
less clear.6

Following the 1986 Chernobyl accident, dissolved levels of
137Cs in European rivers and lakes were found to decrease
rapidly within several months,7 followed by a slow secondary
rate of decline. These periods were termed early and
intermediate phases. However, few studies measured changes

in the levels of particulate 137Cs in rivers.8,9 Radiocesium
concentrations in rivers vary according to land cover,10 and
peat-covered areas were observed to produce rapid radio-
cesium losses.11,12 Other studies of radiocesium in rivers are
available, but these rely on periodic samplings of typically one
month intervals or longer11,13 and are, therefore, likely to
underestimate radiocesium flux. Rainfall in Fukushima is
monsoonal with high-intensity precipitation during typhoon
events from August to October. As such, radiocesium
redistribution with soil erosion and suspended matter exceeds
the dissolved transport, and most transport occurs during only
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