
 

 

 

 

 

 

 

 

 

 

 

 

論文内容の要旨 

 
 

 
 Great East Japan Earthquake occurred on March 11, 2011. Theearthquake caused atsunami, 

which has lost all the electric power sources of the reactor facilities (Units 1 to 5) inthe Fukushima 

Daiichi Nuclear Power Plant. 

Since the function of the reactor cooling system was lost due to the loss of all the electric power 

sources, it became impossible to remove the decay heat of fission products generated in the 

reactor, and the fuel melted. These have caused alarge-scale core damage.  

Furthermore, a large amount of hydrogen generated by the water-Zircaloy reaction in the fuel 

cladding and coolant has caused a hydrogen explosion,the damage ofthe reactor facilities, and the 

release of a large amount of radioactive materials, which have finally contaminated a wide area of 

northern Japan. 

As a result of variousinvestigation, it was found that the radioactive cesium (cesium-137)madethe 

largest impact on the environment becauseithasa large amount of quantityin fission products,and 

emits gamma rays with high penetrating power, and it has relatively high radiation energy 

(662KeV), and a long half -lifeof about 30 years. 

After that, many studies related toradioactive cesium and its decontamination including physical 

and chemical properties have beencarried out, and it has been consideredthat the 

emittedradioactive cesium was adsorbed on soil and other minerals,such as micain the form of 

ions. 

On the other hand, some of the emittedradioactive cesium areaerosoland existas water-

insolublematerials, and the radioactive cesium is incorporated into microparticle containing 

inorganic substances such as iron and silicon. In additionit is reported that the microparticles 

areamorphous.The microparticles have also been found in soil, and it has been reported that the 

radioactive cesium in the microparticlesis hardly incorporated into plants. However, it has been 

found that some plants have taken in avery smallamount of radioactive cesium.Then, how is the 

radioactive cesium taken up by plants? 

The purpose of our investigationis to knowthe physicochemical properties of the radioactive 

cesium in the microparticlessuch as dissolution rates, mechanical strength, and thermal stability using 

litterbut not soil.The litter was collected in a bamboo forest located in Nihonmatsu in the 

Fukushima prefecture. The forest is approximately 45 km west-northwest from Fukushima 

Daiichi Nuclear Power plant.The reason for using the microparticles in the litter is that theyexist 

in the untouched state, that is, in a pure stateandthe main components of litters are dead branches and 

leaves.  
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The dissolution experiments were carried out, firstlyusing the raw littersamplewith a dialysis membrane as a 

filter, and secondlyusingthe charcoal litter samplewith a glass filter. The charcoal litter was made by putting raw 

litterin a heat-resistant container, heated in an electric furnace (about 300℃).In the dissolution experiment, 

the aqueous solution and the raw litter or charcoal litter were separated using a dialysis 

membrane or a glass filter, and the radioactivity of the filtrate was measured byaBequerelmonitor. 

After the radioactivity measurement, the filter, the residueand the filtrate solution were returned 

to the same container and after a certain period of time, the same operation was performed several 

timesto measure the time dependenceof the radioactivity ofthe filtrate. 

We have assumed that the dissolution rate of the microparticle on the litter depends on the 

surface area.In order to increase the surface area ofthe microparticles, the charcoal litter was 

crushed using a ball mill. The dissolution rate ofthe crushed litter sample was measured in the 

same method and as a resultwe have found that the dissolution rate of the crushed sample 

hasincreased. 

From the dissolution experiment using the dialysis membrane, it has been found that the 

radioactive cesium in the microparticlesdissolvesas a soluble radioactive cesium ion or a hydrated 

cesium ion intowater. This indicates thatthe radioactive cesium existing on the surfaceof the 

micropaticlesis easily dissolved when it comes into contact with water.Moreover, the fact thatthe 

dissolution ratesof themicroparticles in theraw litter and the charcoal litter were the same,has 

shownthat not only the surface but also the internal structureof the microparticlesdid not change. 

It also shows thati)the microparticlescontaining radioactive cesium have thermal stability at about 

290 ° C, and ii)the dissolution rate of the sample after crushing with a ball mill was about 10 times 

higher than that of the other samples, that is, the average radiusof the microparticleswas about 

1/10.Thesefactshaveshown not only to simulate the future contamination, but also to show that 

microparticlescontaining radioactive cesium are crushed by an external force such as a ball mill, 

and this property may contributeto the development of a method for decontaminating radioactive 

cesium. 

We wish that our study should contribute the further development of the new decontamination 

method of Cesiumin future.  
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論文審査の結果の要旨 

 

 

 

 


