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There are gaps between individual doses obtained by glass badge 
dosimeters and the individual doses estimated by the simple model 
(proposed by the government). 
 

Introduction	

Complicated dose quantities and units for radiation protection caused 
confusion among the general public and even among experts and 
regulators.  
 
 



0.6～0.7×H*(10)c,d	

Naito	  (2015)	

The structure of radiation protection quantities and 
units is complicated and difficult to understand	



There are gaps between personal doses obtained by glass badge 
dosimeters and the individual doses estimated by the simple model 
(proposed by the government). 
 

Introduction	

Complicated dose quantities and units for radiation protection caused 
confusion among the general public and even among experts and 
regulators.  
 
 To lessen the anxiety of the general population in Fukushima and make 
decision on returning the restricted areas, it is important to correctly  
understand and assess realistic personal doses. 

For adopting appropriate countermeasures, it is important to identify 
when, where, and how much external exposure occurs and to 
quantitatively relate personal dose and air dose to different activity 
patterns of individuals living in Japanese-style homes. 



The primary goal is to establish a sound and pragmatic approach to assess 
and manage the external exposure of individuals in the affected areas in 
Fukushima 
 
In the present study, we use a new personal dosimeter (D-shuttle) along 
with a global positioning system (GPS) and geographical information system 
(GIS) to relate personal doses with activity patterns and air doses (airborne 
and car-borne monitoring surveys).  

Study Objective	



Study Area 
As of the end of March. 2015, more than 140 residents of 

Fukushima volunteered for participation in this study 

This study was approved by the Committee for Ergonomic Experiments in the AIST.  
Written informed consents were obtained from all subjects prior to conducting the study.	

Based	  on	  the7th	  Airborne	  Monitoring	  Survey	  	



Relating personal dose with activity patterns and  
air dose rate 	

Study period:  approximately 7 – 14 days 
 
l  Personal external exposure　 
→　D-shuttle (hourly dose) 

l  Location and activity-patterns of 
individuals 

 →　GPS receiver and time-activity diary 

l  Air dose rate 
→　Airborne monitoring survey and car- 
         borne monitoring survey 

 



New	  Personal	  Dosimeter	  
-‐	  D-‐shuCle-‐ 

l  Developed	  by	  AIST,	  and	  produced	  by	  Chiyoda	  Technol.	  Inc.	  
ü Long	  baCery	  life:	  1	  year	  
ü Monthly,	  Daily	  and	  Hourly	  dose	  trend	  
ü Light	  and	  compact	  size	  
ü Designed	  to	  detect	  gamma-‐ray 

l  D-‐shuCle	  has	  already	  been	  used	  for	  several	  municipaliPes	  in	  Fukushima　　	  
　　 



Chiyoda Technol. (2013)	



Readout from D-shuttle 

In airplane 
In airplane 

Security Gate 

Readout Device 

Security Gate 

Hourly Readout 

Daily Readout 



GPS and Time-Activity Diary　	
i-gotU GT-600 
（MobileAction Technology, Inc.）	
Set to record latitude and 
longitude  
every 5 seconds 

Time-activity and  
location diary	



Time-‐acPvity	  diary	  

Ambient	  Dose	  
(Airborne	  monitoring) 

(D-‐shuCle) 

いつどこにいたか？ 

いつどれくらい被ばくしたのか？ 環境中の空間線量率はどれくらいか？ 

Hourly	  Personal	  Dose 

GPS	  data 

いつなにをしていたか？ 

OutsideTransportationHome Inside
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10/30から11/5までの個⼈人被ばく線量量
GIS推定結果 携帯用 自宅用

Integration of personal dose, air dose (ambient 
dose) and time-activity patterns using GPS/GIS	



Examples of Personal dose profiles obtained by D-shuttle  
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Horizontal axis：date 
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Personal dose profiles vary depending on activity patterns 
and locations of individuals. 
 
D-shuttle provides reliable information for residents to 
understand the radiation situation in their daily life. 



Examples of the comparisons between personal dose rate and air dose rate 

Orchard	  Field	  
1	  μSv/h	  as	  of	  14/10/02	

SpaPal-‐temporal	  radiaPon	  exposure	  assessment	  using	  D-‐ShuCle	  with	  GPS/GIS	  
technologies	  allowed	  for	  idenPficaPon	  of	  peak	  exposure	  locaPons/Pmes.	  	  

14/11/18	  	  Paddy	  Field

0.7μSv/h

0.5μSv/h



Examples of the relative source contributions 
to the cumulative personal dose 

Identifying source contributions to the total external doses are 
important in determining effective reduction measures	



Relationship between additional personal doses 
and corresponding air doses for individuals 

N	  =	  120	  
Y	  =	  0.22X	  

Additional personal doses obtained by D-shuttle were 22% on average of the corresponding 
cumulative air dose based on the airborne and car-borne monitoring surveys. 

* Consider BK dose of  0.052 µSv/h for personal dose 

Y	  =	  X	  
Expressed as hourly dose on average of entire study period 

Gov.	  Model	  
Y	  =	  0.6	  X	  
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N	  =	  96	  
Y	  =	  0.18X	  

Relationship between location-specific personal doses 
and corresponding air doses for individuals 
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Home	 Agricultural	  Ac:vity	
N	  =	  69	  
Y	  =	  0.38X	  
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External Dose Estimation Tool 







Summary	
D-shuttle is a good communication tool,  and assessment tool as well. 

D-shuttle along with GPS and GIS technologies provides useful information 
to improve the understanding of the relationships among personal dose, 
and areal air dose and activity patterns. 
 
For the majority of study volunteers, the exposure from staying at home 
accounted for more half of the total cumulative dose (Even the peak 
exposure doses may be observed in hours staying outdoor) 

For some study volunteers who received higher personal dose, the 
exposure from outdoor activity such as a work in orchard contributed 
greatly to the total cumulative dose 
         
Personal doses obtained by D-shuttle were 22% on average of the 
corresponding cumulative air dose based on the airborne and car-borne 
monitoring surveys. 



Some  Dilemmas
u       Can  you  provide  some  solutions  to  reduce  individual  dose  based  
on  measurements  ?

   Internal  dose      -‐‑‒>  Selection  of  food  items, 　self-‐‑‒directive  measure  is  possible
External  dose      -‐‑‒>  Decontamination,  change  life-‐‑‒style.  societal  support  is  usually  
needed

 　 　  
u  　Decontamination  strategies  are  not  linked  to  the  personal  dose  
measurements  because  of  vertically-‐‑‒segmented  administrative  
system  in  the  government  

 　 　  
u  　Differences  between  personal  attitudes  toward  measurement  data
 　 　  When  showing  own  measured  dose  data,  some  feel  relieved  and  
            some  feel  uneasy.

u  　Spell  of  1  mSv/year  (or  0.23  μSv/h)
 　 　  “Standards  are  devices  to  keep  the  lazy  mind  from  thinking”
              William	  Thompson	  Sedgwick（1855-‐1921）
              
              Limited  discussions  regarding  “acceptable  risk”

 　



Thank you  
 
	

A photo taken from the window of an airplane	


