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• The vertical migration of 90Sr and 137Cs produced by the explosion of the atomic 

bomb in 1945 was investigated in an unsaturated soil layer in the of Nagasaki.  

• The in situ migration rates of 90Sr and 137Cs were estimated to be 4.2 

mm/yr and 1.0 mm/yr, respectively, when the rate of movement of soil 

water was 2500 mm/yr.  

• The in situ Kd values were calculated to be 300 and 1200 L/kg, respectively.  

• These are probably the only results that exist for the interaction between soil and 
137Cs and 90Sr over 40 yr.  
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and Chemistry of the Earth 58-60:57-67, 2013. 
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Molecular Approaches to study Cs-clay 

interactions related to Fukushima (partial) 

• SEM, TEM and related methods (T. Kogure* ) 

• Autoradiography (J. Akai et al) 

• Positronium Lifetime Spectroscopy (K. Sato) 

• NMR (K. Sato et al) 

• Sorption / Desorption 

• Far IR 



In Situ ATR-FTIR study of cation 

exchange reactions on smectite 

• ATR FTIR sensitive to changes in 

interfacial/interlayer water 

• Water molecules closely linked/organized 

by the exchangeable cations present 

• Up until recently most of our work focused 

on Li, Na, K, Mg and Ca.  What happens 

with clays are exchange with Cs? 
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Summary  

• ATR-FTIR sensitive to detect changes of interfacial 

water.  Reproducible changes for two references clays 

and four soil clays 

• Changes consistent with hydration enthalpies of cations 

• This method provides a direct method to study the 

interaction of Cs with siloxane ditrigonal cavity and the 

interlayer fixation that occurs.  

• Potential for Hofman-Klemen fixation with heating?  

• Incredibly complex, difficult problem.  At the same time, 

however,  Japan has consistently been a leader in the 

clay / soil science frontiers with significant intellectual 

resources.   
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