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Our*Previous*Works�
Risk*Assessment*Documents*�Chemosphere*Special*Issue,*

Volume*53,*Issue*4,*Pages*277\436*(October*2003)**

4th*Interna.onal*Workshop*on*Risk*Evalua.on*and*
Management*of*Chemicals**

16*Papers�

25*Chemicals*
From*emission*to*exposure,*hazard,*risk**
And*cost*effec.veness*�



Ranking*Risks*
Risk*Factors * * *Loss*of*Life*Expectnacy*

* * * * *(days)*
Smoking*(All*Causes*of*death) * *81000*
Smoking*(lung*cancer) * * *370*
Passive*Smoking4� ������
����!
�� �� �5120*
Diesel*Par.cles*(upper*bound) * *58*
Diesel*Par.cles * * * *14*
Passive*Smoking*(lung*Cancer) * *12*
Radon * * * * *9.9*
Formaldehyde * * * *4.1*
Dioxins * * * * *1.3*
Cadmium* * * *****************0.87*
Arsenic * * * * *0.62*
Toluene * * * * *0.31*
Chlorpyrifos*(treated*houses)* ******************0.29*
Benzene * * * * *0.16*
Methylmercury * * * *0.12*
Xylene * * * * *0.075*
DDTs * * * * *0.016*
Chlordane * * * *0.009*

12*major**
environmental*

pollutants*in*Japan*
*(Gamo*et*al.*2003)*

+**

Diesel*Par.cle**
and*Smoking*

Adapted*from*Gamo*(2003)�

Our*Previous*Works�



Our*Previous*Works�
Dioxin*Risk*Assessment*�

Nakanishi*(1999)*



Cost*Effec.veness*(Cost*per*Life*Year*Saved)*

Policy programme! CPLYS!
(million yen)! Sources!

prohibition of chlordane! 45! Oka et al. (1997)!
mercury regulation in caustic soda 
production! 570! Nakanishi et al.(1998)!
mercury removal from dry 
batteries! 22! Nakanishi (1995)!
regulation of benzene in gasoline! 230! Kajihara et al. (1999)!
dioxin control (emergency 
countermeasures)! 7.9! Kishimoto et al. (2001)!
dioxin control (long-term 
countermeasures)! 150! Kishimoto et al. (2001)!
regulation of NOx for automobiles! 86! Oka (1996)!

Oka*et*al.*2003*

CPLYS*(Cost*per*Life*Year*Saved)*in*chemical*risk*control*policies**

Gamo*(2006)�

Our*Previous*Works�



Outline 

1.  Background and Purpose 

2.  Cost-Effectiveness Analysis(CEA) of 
Decontamination Options in Fukushima 

3.  Incorporation of “Return Ratio” into CEA 

4.  Summary 



Adapted*from*Kishimoto*(2011)�

March*11th,*2011*
The*day*of*Emergency*Drill*for*Earthquake*
13:30*\14:30�



Air*dose*rate*[µSv/h]*

Air*dose*rate*[µSv/h]*based*on*aircrak**monitoring*survey**
by*MEXT*as*of*Nov.5th*,*2011� June*28th,*2012�

Radionuclides*associated*with*the*accident*of**FNPP1*spread*widely*and*the*high*dose*rate*
regions*are*found*in*the*North\West*of*the*plant.�

7*months*
later�



Comparison*of*Fukushima*and*Chernobyl�

Yukio*Hayakawa*(2012)**
hlp://kipuka.blog70.fc2.com/blog\entry\535.html�

>*8*μSv/h�4*–*8*� 1\4*� 1\0.25*�

Gomel�

Minsk�
Mogilev�



Area%of%Radionuclides%Deposi2on%Level%

Contamina.on*
Level*(kBq/m2)�

Area*km2�

37\185� 162,160�

185\555� 19,100�

555\1480� 7,200�

>1480� 3,100�

Contamina.on*
Level*(kBq/m2)�

Area*km2�

\\\\\\\\� \\\\\\\\�

300\600� 500�

600\1000� 200�

1000\3000� 400�

3000\14,710� 200�

Chernobyl� Fukushima�

The*evacua.on*area*is*contamina.ng*to*dose*level*with*a*dose*of*
20*mSv/year*and*greater.**
20*mSv/year*%3.8*μSv/h*%993*(kBq/m2)�

Nakanishi*(2012)**



Evacua.on�
As*of*July*31,*2012�

As*of*Aug.*3rd,*2011�

hlp://www.me..go.jp/english/earthquake/nuclear/roadmap/pdf/*
evacua.on_map_a.pdf�

hlp://www.me..go.jp/english/earthquake/nuclear/roadmap/*
pdf/20120731_01.pdf�

Area� Pop.%(thousand5�

Restricted*Area� 77�

Deliberate*Evacua.on*
Area�

10�

Emergency*Evacua.on*
Prepara.on*Area�

59�



Makiya*(2012)**Overview*of*Japan’s*Offsite*Cleanup*Efforts*
hlp://www.iges.or.jp/jp/news/event/isap2012/pdf/24/S2\1\2_Makiya.pdf*



MOE(2012)�



MOE(2012)�



Step3&Storage/Mgt.*Technologies�

Step1&
Decontamina.on*
Technologies�

Step2*
Volume*Reduc.on*
Technologies�

Re\use�

Concentrated**
Radionuclides�

Decontaminated**
Soil�

Yasutaka*(2012)�

Decontamina.on*Process�



Decontamina.on*Process�

1.   To%remove%the%contaminated%soil,%stone,%and%various%materials%

2.   To%pack%the%contaminated%disposal%in%the%Frecon%Pack
����#����

���!����� )%

3.   To%move%the%Frecon%packs%to%a%tenta2veCtenta2ve%neighbor%hood%%
refuge%dump%%and%keep%them%for%a%while%

4.   To%move%the%Frecon%packs%%from%the%tenta2veCtenta2ve%refuge%
dump%to%a%tenta2ve%city%refuge%dump%made%for%radioac2ve%
refuge%and%keep%them%for%30%years.%

5.   To%move%them%to%the%final%dump%%%

Nakanishi*(2012)�



Problems*of*the*ongoing*decontamina.on�

Effec.veness*of*risk*reduc.on*is*unclear******

Limited*stockyard*spaces*for*contaminated*soil�

Technical*problem�

The**dose*level**alained*by*the*decontamina.on*is*much**higher*
than**those*are*acceptable*by*the*residents*and*the*Government*
has&made*public*commit*to*alain.*

The*Government*has*promised*the*two**goal**dose*levels:*
1)  1mSv/year*(final*goal),*and**
2)  to*reduce*doses*by*50%*by*Summer*of*2013*.**
In*Intensive*Contamina.on*Survey*Areas*
How*safe*is*safe*enough?* Based*on*Yasutaka*(2012)*and*Nakanishi*(2012)�



Problems*of*the*decontamina.on*�

Does*people*really*return*home*aker*decontamina.on*
completed?**
\\*As*for*elderly*people,*Yes,*but*as*for*younger*with*
children,*No*(?).*How*many*of*them*return?*

Social*Problem�

Huge*cost*(more*than*4*billion*Euro/*yr)!?*How*long*?*Who*pays*
the*cost?*

The*Government*does*not*priori.ze*the*areas*according*to*
“Effec.veness”**

Decontamina.on*Cost�

Based*on*Yasutaka*(2012)*and*Nakanishi*(2012)�



Decontamina.on*is*going*on…*



Evacua.on*Area*
about*30km*From*F1�

Photo*by*Tetsuo*Yasutaka�

1.5μSv/h�



Photo*by*Tetsuo*Yasutaka�



Decontamina.on*is*going*on..�

Photo*by*Tetsuo*Yasutaka�



Priori.za.on*for*decontamina.on*is*
necessary,*but*how?**

Our%Challenging%project%



Background and Purpose 
•  For the implementation of effective and efficient risk reduction measures, 

we need to set different risk reduction options, and assess risk, cost and 
effectiveness of each option. 

•  Even though clean-up (decontamination) costs are enormous, almost no 
quantitative discussion has been conducted on how much risks would be 
reduced by different risk reduction options. 

•  In the radiation problems in Fukushima, it is important to consider social, 
psychological and ethical aspects of evacuation or resettlement.  

The aim of the project is to develop remediation strategies (Prioritization) for 
radiation contaminated areas Fukushima based on cost-effectiveness 
analyses including social and psychological aspects of evacuation or 
resettlement. 



Project%of%priori2za2on%on%decontamina2on%
based%on%costCeffec2veness%analysis%%

Research%steps%including%
1)  Es.ma.on*of*dose*(and*risk)*reduc.on,*using*site\specific*

land*use/soil*property*and*popula.on*data*

2)****Es.ma.on*of*costs,*using*realis.c*unit*costs*
corresponding*to*several*decontamina.on*op.ons*

3)  Evalua.on*of*happiness*on*resellement*or*return*home,*
comparing*to*previous*case*studies*e.g.*evacua.on*on*air*
pollu.on*due*to*volcano*explosion*

Nakanishi*(2012)�



Research Framework 

Risk Management Decision Making 
（Prioritizing remediation strategies） 

Assessment of Social 
and psychological 

Aspects  

Radiation Exposure /
Risk Assessment 
among Different 
decontamination 

Strategies 

Cost-Effectiveness 
Analysis of 

decontamination 
Strategies 

GIS Analysis  
(Monitoring, land use, 

population) 

Identification of  
decontamination 
 technology, 
, cost and efficiency 

Interpretation of assessment results/how to communicate results 

Assessment Scenarios/ Problem Formulation 



Our*three*poten.al*approaches***�

!  First:*&The*ΔB*greater,*the*more*preferable;*
***Δ&B&7;R4contaminated56R4Decontaminated5<*
×;People*returning}/Cost****

!  *Second*:*The*greater*ΔB*is,*the**more*preferable;*
*Δ&B&7;4Benefit&of*returning*home5*
6ΔR4Increase*in*risk*associated*returning*home*5�<*
×4People&returning5/4Cost)*

!  *Third:*Under*the*premise*that*the*dose*for*life*span*should*not*
exceed**100mSv/for**approx.*10**to*20*years*,*the*greater*ΔB*is,*
the**more*preferable.*
*ΔB74People*returning5/4Co9:5**

R:%Human%health%risk%(mainly%cancer%risk)�
Nakanishi (2012) 



Tenta.ve*Results*
Please*Do*not*Distribute�



GIS*data*�

Popula.on*Density*
MLIT(2005)*

&&&&&Air*Dose*Rate**
MEXT*(2011),**METI(2012)�

Land*Use*Data&*
MLIT(2009)�

Yasutaka et al.  (2012) 



�
�

Air*Dose*Rate*and*Popula.on*Density*in*the*
affected*area*in*Fukushima�

Pop.*Data*as*of*2006�



Efficiency*of*Decontamina.on�

Original*Data*from*JAEA42012)*Report�

Efficiency*of*decontamina.on*increases*as*air*dose*rates*increase�

0%#
10%#
20%#
30%#
40%#
50%#
60%#
70%#
80%#
90%#

1μSv/h
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Decontamina.on*op.ons*

Houses%and%Buildings%
high\presser*washing*and*
brushing,*cleaning*guler,*topsoil*
removal*and*vegeta.on*removal*
at*yard.*
Paddy%Fields/Agri.lands%
topsoil*removal*
Forest%
Remove*fallen*leaves*and*liler*
layer*of*20%*area*of*each*100m\
mesh*
Roads%
high\pressure*washing*or*shot\
blas.ng,*clean*gulers*

Houses*and*Buildings*
Paddy*Fields*/other*agri.lands*

Forest*
Roads�

Frac.on*of*reduc.on*
*in*air*dose*rate�

Yasutaka*et*al.*(In*Prepara.on)�



Without*Decontamina.on*
Prospec.ve*air*dose*rate*as*of*Apr.*1st,*2014*

With*Decontamina.on*
Prospec.ve*air*dose*rate*as*of*Apr.*1st,*2014*

&Differences*in*air*dose*rate*between**
with*or*without*decontamina.on�

Yasutaka*et*al.*(In*Prepara.on)�



Concept*of*Return*Ra.o�



Kawamata�
1,066*

Katsurao�
1,532*

Minamisoma�
31,214*

Iwaki�
7,498*

Tamura�
2,257*

Hirono�
5,242*

Naraha�
7,072*

Tomioka�
15,829*

Kawauchi�
3,038*

Okuma�
11,459*

Futaba�
7,015*

Namie�
21,160*

Iidate�
6,646*

Number*of*Evacuees*(2012.Feb.12)�

+(),����.1/2*02/*
hlp://f\renpuku.org/wp\content/uploads*/
2012/03/1202kengai_hinan.pdf*
-�	'���

$���"�
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������

����� ��! 
���"��!����

Municipali.es*including***
Restricted*Area 

Municipali.es*
including**Planned*
Evacua.on*Area 
(As*of*2012*Aug.)�

Adapted*from*Ono*(2012)�



Return Ratio based on Questionnaire surveys of  
the municipalities in the affected areas�

Return*Ra.o*(3)*=10064“Not\Return”Ra.o*[3])*
All*ages*

Re
tu
rn
*R
a.

o*
(%

)�

Month*aker*the*accident�

Hirono�

Okuma�Naraha�

Avg.*8**
munici.�

Namie�

Katsurao�

Tomioka�

Kawauchi�

Iidate� Katsurao�

Okuma�
Iidate*

Adapted*from*Ono*(2012)�



Concept*of*Return*Ra.o�

�reference*of*returning*home*of*individuals**(Return*Ra.o)**

for*risk*or*dose*level*aker*decontamina.on�

Risk*or*Dose*level�

Return*Ra.o�
1� Return*Ra.o*

Curve�

0�

Adapted*from*Ono*(2012)�



Return　Ratio　（Tentative） 
•  Return ratio and Loss of Life Expectancy (LLE)　based on a 

questionnaire survey in Futaba area in Fukushima  
  LLE increase →　Return ratio decrease 

Oka (2012) 
LLE 

R
et

ur
n 

ra
tio

 

20 mSv/yr 
1 mSv/yr 

LLE=0.091year LLE=0.0045 year 

Increase in Life Expectancy considering Return Ratio 



Summary�
Quan.fying*risks*and*cost\effec.veness*of*decontamina.on*strategies*
provide*a*common*plaÄorm*to*discuss*how*we*(stakeholders)*deal*
with*the*problems*related*to*the*decontamina.on*in*the*affected*
areas*in*Fukushima.*

The*effec.veness*of*decontamina.on*varies*depending*on*the*
method,**land\use*and*air*dose*rate.*

The*concept*of*“return*ra.o”*is*incorporated*into*the*cost\effec.ve*
analysis*of**decontamina.on*measures.*

Reduc.on*factor*(Shielding/Occupancy*Factor)*,*“return*ra.o”*,*air*
dose*rate*and*popula.on*density*can*be*important*factors*affec.ng*
the*priori.za.on*of*decontamina.on*strategies.*



Thank*you*for*your*alen.on*�


