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In the present work, the authors studied continuous desorption of radiocerium (Cs) from actual contaminated soil 

from Fukushima by the hydrothermal column treatment, coupling with its dynamic analysis of the Cs removal process. 
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1. Introduction 

Widespread soil contamination following the Fukushima nuclear power plant accident in 2011 has motivated research on 

removing radionuclides, especially Cs, from soil. In this study, we detailly studied continuous Cs desorption from 

Fukushima actual contaminated soil by highspeed ion exchange through leaching with various cationic solutions in a 

column reactor, allowing the dynamic analysis of the Cs removal process.  

2. Experimental 

Continuous extraction of soil for Cs desorption was performed in a column-

based reactor system as shown in Fig. 1. For the experiment, actual 

contaminated soil (∼15,000 Bq/kg) sampled near about 9 km from Fukushima 

Daiichi Nuclear Power Plant was used. For the desorption test, 0.5g of 

radioactive soil was loaded into the column reactor and then flowed with same 

volume of various solutions (50 ml of 0.1M KCl, NaCl, MgCl2, CaCl2, AlCl3, 

LaCl3, CeCl3) in rate of 0.25 mL/min at 150°C. The Cs desorption ratio for each 

solution was compared basing on the radioactivity reduction of the treated soils. 

To further study the desorption kinetics of column treatment, soil particles (10 

g) were dispersed in CsCl solution (1L) with Cs+ concentration of 1000 mg L-1 

for 36 days, achieving a saturated Cs adsorption capacity of 7.6 mg-Cs/g-soil 

after three times of rinsing with water. Subsequently, as-prepared Cs-soil was 

loaded into the column reactor and leached with water or 0.01M MgCl2 at 25 

or 200°C. The Cs concentration in the effluent was measured with the time. 

3. Results･Conclusion 

Fig. 2 shows the radioactivity reduction of contaminated soil following column treatment with different solutions. It shows 

an order of Cs extraction ability as M+ (K+, Na+) < M2+ (Mg2+, Ca2+) < M3+ (Al3+, La3+, Ce3+), which is fully consistent 

with the order of their ability to exchange with Cs from collapsed interlayers of vermiculite in our previous studies, 

suggesting Cs in Fukushima soil would have been mainly trapped by micaceous clays onto interlayer-sites. Fig. 3 shows 

the continuous Cs desorption by column treatment with Mg2+ at different temperatures. It reveals slow and poor Cs 

desorption by only H2O, with a desorption ratio lower than 30% and 60% in sum at 25 and 200°C, respectively. By 

contrast, the Cs desorption kinetic is improved significantly by Mg2+-leaching even at 25°C, reaching a total desorption 

ratio over 80%. At 200°C, 100% summed desorption ratio was readily achieved within less volume of eluted Mg2+ solution. 

With the dynamic analysis of all these column treatment results, it allows for providing theoretical guidance for Cs 

removal from actual contaminated soil, thus inspiring new insights for treatment of post-accident soils in Fukushima. 
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Fig. 2 Comparison of Cs removal by different cations.        Fig. 3 Continuous Cs desorption from Cs saturated soil. 
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Fig. 1 Schematic diagram of 

continuous column system. 
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