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Total Dose and Destination of 
Radioactive Cesium 

Water 
480PBq 
(35%  

Land 
8-16PBq 

Sea 
18-26PBq 

(2-5%) 

 



Scientists Showed the Evidence of Clay-Cs 
Strong Association 

~1986: above-ground nuclear test 
~2000: Chernobyl NPP accident, Hanford’s leak 
Radiocesium retention in soils is due to the presence of a 
small number of highly selective sites of clay minerals. 
2000~:  
EXAFS study (Bostick et al., 2002): The inner-sphere 
complexes of Cs may have occurred within the interlayer 
or at frayed edge sites and were less extractable than the 
outer-sphere complexed Cs.  
Microscopic study (McKinley et al., 2004):  

K Cs (McKinley et al., 2004) 

Frayed Edge! 



XAS Studies (by JAEA) 

covalent ionic 

Before and after chemical 
treatment 

Dispersive (time-splitting) XAFS 
 ( DXAFS by JAEA) 

Water 
input 

Cs uptake into interlayer 

Interlayer collapse 



Ab initio MD by JAEA 

IP(Imaging plate) image 

Microscopic image 

0.2mm 

Finding of particles by IP 
By Prof. Kogure of UT 



IP image 

5mm 

Around 20,000 particles were put on this plate. 
However, only 15 radioactively contaminated particles 
were observed in this case. 
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Efforts of JAEA and Issues on Decontamination 

http://www.jaero.or.jp/data/02topic/fukushima/interview/nakayama_t.html 

Decontamination of building and road
applicable by existing methods 
Decontamination of farm and forest lands is 
extremely difficult 
The following two technologies should be 
developed 
Reduction of the wastes 

Incineration 
Washing or leaching  
(Wet classification) 

 To develop the above technologies, 
understanding of clay-Cs association 
is definitely needed. 

Highly developed monitoring technology 

23rd April, 2012 



 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_03.pdf 

Systems Perspective for Fukushima 
Offsite Remediation 

Lee et al. (2013) 
http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_03.pdf 



Be Systematic for Intelligent 
Decontamination and Waste Management! 

Reductionism  
Persons in charge of decontamination are always thinking 
“effectiveness of their methods in the decontamination” 
Persons in charge of decontamination do not care the waste 
produced by their decontamination activities. 

Systematic approach 
So far, there does not appear to be a clearly defined process 
for evaluating options for full scale decontamination or for 
making the decision of whether and how to proceed for the 
contaminated areas. 
Should conduct a systematic analysis of the existing 
performance data to identify potential factors or practices that 
could improve effectiveness of future decontamination efforts 

Flow Diagram for the Treatment of Specified Waste 
and Waste Generated as a Result of Decontamination 

http://josen.env.go.jp/en/roadmap/pdf/chart1_5.pdf 

Without 
segregation 



Issues in Waste Generated as a Result 
of Decontamination  

how to treat the wastes according to their doses 
how to treat the wastes for reducing their 
volumes 
how to reuse the soil generated after volume 
reduction processes 
how to reduce amount of wastes from the site 
of occurrence 

MOE did not decided the followings 

Outline of Exposure Scenario Considered 
Waste Management 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 



Results of the Assessment 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 

The Most Effective Way to Reduce 
Amount of the Contaminated Soil 
from removing to turning over the soil 
reduce the amount of soil peeled off  
storage at the sites 
 

MOE recommended 
the above method  
in their guideline 
for radiation protection 



Intensive Contamination Survey Area 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 

Intensive Contamination Survey Area 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 



 Background and objectives of 
Workshop  

….. Local dose rates generally decrease as 
decontamination proceeds, but reservoirs of 
radiocaesium remain in un-remediated environments 
(particularly forests) and stored waste, which must 
be assured not to cause a risk of re-contamination. 
…… 

What should be done for the most 
intractable decontamination challenges 
such as forest land decontamination? 

Forest land should be managed 
periodically for Fukushima recovery 

Plantation  
Clearance of under bush  
Improvement cutting  
Tree thinning  
 



Research program for Acceleration of Forest 
Reclamation at Fukushima by Prefectural 

Government 

To check effects of  ordinal forest management 
procedure on air dose rate at forest before and 
after the management 

Forest Management Procedure 

Opening of working road Cutting Cross Cutting 

Collection of leaves and branches Collection Storage 



Temporal Storage Site 

The Research Program Teaches us… 
Forest management is necessary for recovery and re-
population of Fukushima regardless of necessity in 
decontamination 
Forest management is also necessary for prevention of soil 
erosion 
Approximately 10-20% reduction in air dose rate would 
be expected by ordinal forest management if we collect 
leaves and branches after the management 
Forest management for broad-leaf tree is more effective 
for the reduction of air dose rate. We can not expect an 
effective reduction of dose rate at forest management 
operation for Japanese cedar.  
We have to care soil erosion during the forest management 
procedure  



Temporal Storage Sites 

Present State of Temporal Storage site at 
Fukushima Photo by Dr. Hatta of JIRCAS  



For Secure Interim Storage Facility 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 

For Secure Interim Storage Facility 

http://josen.env.go.jp/en/documents/pdf/workshop_july_17-18_2013_01.pdf 



Leaching Test of Radioactive Cs from 
the Contaminated Soils 

http://www.nuce-aesj.org/ss 

Sample 
Sampling 

term Land use 
Leachate by water 

Effects of Co-existing Cations on 
Leaching of Cs 

http://www.nuce-aesj.org/ss 

Leaching % 



Effects of NH4
+ ion on Leaching of Cs 

Sample 1 Sample 2 Sample 3 Sample 4 

http://www.nuce-aesj.org/ss 

Effects of pH, Solidification Agent (SA), Humic 
Acid and Temperature ion on Leaching of Cs 

http://www.nuce-aesj.org/ss 

pH 

SA 
MgO 

SA 
CaO 

Humic 
Acid 

Temp. 



Projects for Understanding of Cs Behavior 
at Fukushima: F-TRACE by JAEA 

http://fukushima.jaea.go.jp/initiatives/cat01/pdf01/4.pdf 

Projects for Understanding of Cs Behavior 
at Fukushima: ISET-R founded by MEXT 

http://isetr.suiri.tsukuba.ac.jp/ISETRen/researchEN.html 



Not only active decontamination but also 
passive decontamination should be considered 

Capture 
the particle 

Clean up 
hotspot 

Capture the contaminated particles 
by diatomite 
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Summary 
Understanding of Clay-Cs association is very 
important for volume reduction of the waste, reliable 
storage and disposal of the waste. 
Conduct a systematic analysis of the existing 
performance data to identify potential factors or 
practices that could improve effectiveness of future 
decontamination efforts  
Advanced analyses about clay-Cs association should 
make answers to questions and recommendations on 

Why Cs release from clay in the case of coexisting compete 
cations? Is this always or not? 
Is Cs released from the clay particles at mixing points 
between river and sea water? If yes, why? 


