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Overview 



Radiation and radioactive material 

Torch	


Radioactive material 
(radioactive nuclide)	


Light	


Radiation	


●Radioactivity originally 
means ability to emit 
radiations.  

●Often “radioactivity” is 
used as “radioactive 
material”.  

(Bq)	
(Sv, Gy)	

Sv: Sievert  
Gy: Gray	


Bq: Becquerel 



α rays  

β rays  

γ rays  

neutron 
beam 

Penetrating  

Non-penetrating   

Paper Thin aluminum Lead Water 

Radiations and their characteristics  

●αα rays and ββ rays are important in internal exposures 

●γγ rays and neutron beam are important both in external 
and internal exposures 





Exposure pathways due to radionuclides 
released from nuclear facilities 

External exposures 
due to source in air	


Internal 
exposures 
due to 
inhalation	
Internal exposures 

due to ingestion	


External exposures  
due to deposited source	


Artificial radionuclides	




 Effective dose E （ICRP’07）　  　 

E = Σ wT・DT 

DT：Dose that an organ or tissue T 
receives   

wT：Weighting factor for 
considering radiation sensitivity	


Convenient indicator 
able to measure 
radiation risk 
irrelevant to 
irradiation conditions 

Widely used in dose 
evaluation in the 
environment 	


EExxppoossuurree  ddoosseess  aarree  eevvaalluuaatteedd    
iinn  tteerrmmss  ooff  eeffffeeccttiivvee  ddoossee  ((SSvv))  	
	


● Radiation sensitivity depends on the organ or tissue.  

● Radiation risk weighted 
whole body exposure dose 



Evaluation of exposure doses to 
environmental gamma rays	
 

●Doses are evaluated from measurable quantities. 

Measurable quantities 
（Air dose rate, radioactivity ） 

Doses (Sv) 
（Effective dose, Organ dose） 

Conversion 
coefficients 

●Characteristics of environmental gamma rays need 
to be precisely considered to obtain the conversion 
coefficients. 

  energy spectrum, angular distribution, height dependency 



Dose conversion coefficients 

● Ambient dose equivalent overestimates effective doses. 
Source energy (MeV)	
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Ambient dose 
equivalent (Sv)	


Adult	


0 y	


Used  in air dose 
rate measurement	


Used  in exposure 
dose evaluation	


Effective dose (Sv)	


Deposited source on ground 	




FFuukkuusshhiimmaa  
PPrreeffeeccttuurree	
	


●Fukushima city is located 
240 km north from Tokyo 
●Mountainous area  
●Population  
  1,948,184 (Sept. 1, 2013) 
●The number of evacuees 
   About 148,600 
   (Aug. 9, 2013) 



Topography of Fukushima Prefecture 

Fukushima city�

Koriyama city�

Iwaki city�

Aizuwakamatsu  
city�

Minamisoma city�

Shirakawa city�

Hama-dori 
(Coastal street) 

Naka-dori 
(Middle street) 

Aizu 

Fukushima 
Daiichi Nuclear 
Power Plant 



Industries in Fukushima Prefecture 



Intensity map 
of the Tohoku 

earthquake  

●March 11, 2011 
  14:46�

●Magnitude 9 

●Tsunami >30 m 

●Nuclear accident 

My house 

Center of 
earthquake   

Fukushima 
NPP 



Nuclear Industry Safety Agency　（June 6, 2011）	


Estimated  radioactive releases into the 
atmosphere from the Fukushima accident (Bq)  

Nuclide	
 Half life	
 Reactor 1	
Reactor 2	
 Reactor 3	
 Total	




Contamination mapping projects 

MEXT : Ministry of Education, Sports, Science and Technology 
NRA: Nuclear Regulation Authority 



Tasks of mapping projects 



Mapping projects 



Soil sampling  in June, 2011 
(1st campaign)  

Areas at 2x2 km2 

Areas at 10x10 km2 

80 km 

100 km 

Fukushima 
nuclear site 



Collection procedures of a soil sample 

●Top 5 cm 
  soil 

●Sufficient 
  mixing  

●U8 plastic 
  container 

●11,000 samples 
 in 1st campaign 

●Analyzed at 21 
  laboratories 



IInn--ssiittuu  mmeeaassuurreemmeenntt  uussiinngg  aa  ppoorrttaabbllee  GGee  ddeetteeccttoorr	
	




Radionuclide deposition maps 

(half life) 



Decrease of environmental contamination due to physical decay 

Elapsed time (y)	
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Cs-137 radioactivity	


Cs-134 radioactivity	


Cs toal radioactivity	


Dose rate in air	


●Dose rates in air 
are expected to 
decrease rather 
rapidly within 
several years 
according to 
physical decay of 
Cs-134. 

●Weathering 
effects will 
accelerate the 
dose rate 
decrease. 

1	


0.1	


0.5	




 134Cs deposition density 

Radioactivity  
per area	


AAddjjuusstteedd  ttoo  JJuunnee  1144,,  22001111	
	




Radioactivity  
per area	


 137Cs deposition density 

AAddjjuusstteedd  ttoo  JJuunnee  1144,,  22001111	
	




131I deposition density  

●Statistically significant data were limited 
 �because of short half life�(8 d)  

AAddjjuusstteedd  ttoo  JJuunnee  1144,,  22001111	
	


Radioactivity  
per area 
(Bq/m2)	




 238Pu, 239+240Pu  
deposition density   

PPlluuttoonniiuumm  ccoonnssiiddeerreedd  
dduuee  ttoo  tthhee  aacccciiddeenntt  wwaass  
ddeetteecctteedd  aatt  llooccaattiioonnss  
sshhoowwnn  bbyy  cciirrcclleess..  	
	


■■  
▲▲　　  

223388PPuu    ((BBqq//mm22))  

223399++224400PPuu  ((BBqq//mm22))  

11sstt  ccaammppaaiiggnn  
22nndd  ccaammppaaiiggnn  

33rrdd  ccaammppaaiiggnn  

BByy  FFuukkuusshhiimmaa  
pprreeffeeccttuurree  

PPlluuttoonniiuumm  wwaass  
ddeetteecctteedd  bbuutt  nnoott  
iiddeennttiiffiieedd  aass  
oorriiggiinnaattiinngg  ffrroomm  
tthhee  aacccciiddeenntt..	
	
 ●Deposition 

densities were 
comparable to 
those from nuclear 
weapon tests. 



Evaluation of accumulated effective doses  
for 50 years 

●Maximum nuclide deposition densities (Bq/m2) were used. 
●External exposures and inhalation due to re-suspension were evaluated.	
	


(Dose coefficients from TECDOC-1162）	


Nuclide� Half life�
Maximum �
concentration�

Effective dose for 50 years�

Conversion coef.� Dose�
(µSv/(Bq/m2))�

y	


y	


d	


d	


y	

y	


y	

d	


d	


710	
5.1×10-­‐2	


0.00061	
  
(0.61	
  µµSv)	




KURAMA-II 
system developed  

at Kyoto University	
	


2. Car-borne survey	
	

● continuous measurements on 

roads  
● every 3 sec 
● mapping based on GPS data 
● run in various environments 

Survey meter 
with a good 
energy response	
	


1. Monitoring above flat 
fields	
	


● undisturbed flat fields 
● several thousand points in 

the  80 km  zone 
● mapping based on GPS data 

Measurements of air dose rates 



Dose rates in air  above flat fields   

JJuunnee  22001111	
	


Air dose rate 

●●AAiirr  ddoossee  rraatteess  wweerree  mmeeaassuurreedd  iinn  tteerrmmss  ooff  aammbbiieenntt  ddoossee  
      eeqquuiivvaalleenntt  wwhhiicchh  aallwwaayyss  oovveerreessttiimmaatteess  eeffffeeccttiivvee  ddoosseess..  

Dose rate in air 
            (µµSv/h)	
	




Dose rates in air 
above roads by 

car-borne survey 

JJuunnee  22001111	
	


Air dose rate Dose rate in air 
            (µµSv/h)	
	




Real-time display of car-borne survey data 

Dose rate in air (µSv/h)	




N	


3D picture near the Fukushima site  
Dose rate in air (µSv/h)	




Summary on initial contamination 
conditions 



JJuunnee  22001111	
	
 NNoovv..  22001133	
	


Comparison of air dose rate distributions  
measured above flat fields 

Dose rate in air 
            (µµSv/h)	
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Distribution of areas having different  
air dose rates within the 80 km zone  
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Dose rate range (µµSv/h)	


●●  AArreeaass  mmoorree  tthhaann  00..22  µµSSvv//hh  aarree  ddeeccrreeaassiinngg,,  lleessss  tthhaann  00..22  µµSSvv//hh  iinnccrreeaassiinngg..        
●●  NNeeaarrllyy  8800%%  ooff  tthhee  ttoottaall  aarreeaa  hhaass  ddoossee  rraatteess  bbeellooww  00..55  µµSSvv//hh..  



MMaarrcchh  22001122	
	


 19.0 < 
   9.5 - 19.0 
   3.8 -   9.5 
   1.9 -   3.8 
   1.0 -   1.9 
   0.5 -   1.0 
   0.2 -   0.5 
   0.1 -   0.2 
           <0.1      

Dose rate in air 
            (µSv/h)	

空間線量率	


NNoovv..  22001133	
	


Comparison of air dose rate distributions 
measured by car-borne survey 

Dose rate in air 
            (µµSv/h)	
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Temporal change in average air dose rate 

Physical decay 	


Flat fields	


Roads	


●The decreasing tendency is obviously different between 
flat fields and roads reflecting the mobility of cesium.  

June 2011	




Car-bone survey data�

第第１１次次走走行行ササーーベベイイ(減減衰衰補補正正ななしし)	
	
   第第2次次走走行行ササーーベベイイ(減減衰衰補補正正ななしし) 	
	


第第3次次走走行行ササーーベベイイ(減減衰衰補補正正ななしし)	
	


Dose rates have decreased as 
elapsed time. 	


80 km 

常常緑緑樹樹	
	


裸裸地地	
	


Fukushima site	
	


Dose rate in air (µSv/h)	

June, 2011	
	
 Dec., 2011	
	

March, 2012	
	


Fr
eq

ue
nc

y	
	


Land use 	
	

Water	
	

Urban	
	

Paddy	
	

Farmland	
	

Grassland	
	

Deciduous forest	
	

Evergreen forest	
	

Bare ground	
	


ALOS (Advanced 
Land Observing 
Satellite) data	
	


Analyses based on land uses 

●Dose rate reduction tendency was analyzed in connection with 
different land uses  



Environmental decay rate [y-1]	
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Dose rate reduction tendency for 
different land uses   

Slow	


Indicator of temporal 
dose rate reduction	
●Fast in urban and water areas     　

●Slow in ever-green forest area	


Water area	


Urban area	


Ever-green 
forest area	


Fast	




Inside the evacuation zone 
(no inhabitants) 

Inside the 80 km zone	


Dose rate reduction tendency for 
evacuation zone 

Environmental decay rate [y-1]	


C
um

ul
at

iv
e 

di
st

rib
ut

io
n 

fre
qu

en
cy
	


Slow	
 Fast	


● Slow in the evacuation zone as a whole　 
● Dose rate reduction is related to human activity	


Water area	


Urban area	


Ever-green 
forest area	




Summary on temporal change in 
contamination conditions 



Field studies on radionuclide�migration 



Measurements of stemflow, throughfall, and litter	


●Clarify	
  the	
  actual	
  condi>on	
  of	
  radionuclide	
  migra>on	
  from	
  forest	
  to	
  soil	
  

Radiation measurements using a 
portable Ge detector at forest tower	


Broad-­‐leaved	
  mixed	
  forest　　　　　　	

Soil sample collection	


Monitoring of the forest floor	


Mature	
  cedar	
  forest	


Young	
  cedar	
  forest	


RRaaddiioonnuucclliiddee  ddiissttrriibbuuttiioonn  aanndd    
mmiiggrraattiioonn  iinn  tthhee  ffoorreesstt 



Bare land                              Cultivated  (gentle)	


Forest (young ceder)	


Soil Erosion Plots	
	


Grass land                              Cultivated  (Steep)	


Pasture A                                  Pasture B   	


MMiiggrraattiioonn  ooff  cceessiiuumm  
bbyy  ssooiill  eerroossiioonn��



Sampling of water and 
suspended sediment 

in rivers 



AAiirr  ssaammpplliinngg��



Summary on cesium movement  
in various environment 



Targets for radiation protection were set in 
accordance with ICRP principle 

http://www.nsr.go.jp/archive/nisa/shingikai/700/14/240723/BM-1-2.pdf (provided by MOE)	


International Commission on 
Radiological Protection (ICRP) 
decides the principles for 
radiation protection such as 
dose limits. 	


People are permitted 
to live 	




Areas where it is expected that residents will face difficulties in 
returning for a long time (> 50 mSv/y) 
Areas in which residents are not permitted to live (20 – 50 mSv/y) 
Areas to which evacuation orders are ready to be lifted (< 20 mSv/y) 	


Rearrangement of restricted zone and planned evacuation zone 

Planned 
Evacuation 

Zone  

Until 31st March 2012 

• Restricted zone and planed evacuation zone have been rearranged into 3 areas 
   responding to the annual doses. 

20km 

Restricted 
Zone 

(April 2014) 	




 The model areas were selected 
for; 
 various components such as 

forest, farmland, building, road 
and playground 

 various dose rate levels; high (> 
100 mSv/y), intermediate (20 – 
100), and low (5 – 20) 

 Evaluation of efficiency, 
production of wastes, cost, safety. 

  DDeeccoonnttaammiinnaattiioonn  PPiilloott  PPrroojjeecctt  bbyy  JJAAEEAA  

BBaasseedd  oonn  tthhee  kknnoowwlleeddggee  oobbttaaiinneedd  
iinn  tthhee  ppiilloott  pprroojjeeccttss,,  ffuullll--ssccaallee  
ddeeccoonnttaammiinnaattiioonn  hhaass  bbeeeenn  
ppeerrffoorrmmeedd..    

DDeemmoonnssttrraattiioonn  ooff  ddeeccoonnttaammiinnaattiioonn 



Decontamina*on	
  Pilot	
  Project	
  

Decontamination Techniques for Pavement 

  high pressure water washing	
	


 	
  blas*ng	
	


Dry	
  ice	
  blas*ng	
	

Iron shot blasting	
	


 	
  surface	
  stripping	
	




  high pressure water washing	
	


  removal of dirt, sludge, fallen leaves, etc. 
     in roof gutters and street gutters  	
	


  removal with peeling agent	
	


Decontamina*on	
  Pilot	
  Project	
  

Decontamination Techniques for Buildings 



Decontamination Pilot Project: Farmland  

  plow 

spraying fixation agent	
	


  topsoil removal 

  turf stripping	
	




■ 
■ 
■ 
□ 
■	


Decontamination finished 	


Started 	


Ordered 	


Not yet ordered  	


Difficult-to-return zone	


Situation of full-scale decontamination 

Specific decontamination zone	


Iitate	


Kawamata  

Katsurao	


Minami soma	


Namia	


Futaba	


Okuma	


Tomioka	


Tamura	


Kawauchi	


Naraha	


FFuullll--ssccaallee  
ddeeccoonnttaammiinnaattiioonn  wwoorrkk  
hhaass  bbeeeenn  ccoonndduucctteedd  bbyy  
tthhee  NNaattiioonnaall  GGoovveerrnnmmeenntt  
ffoorr  tthhee  ssppeecciiffiicc  
ddeeccoonnttaammiinnaattiioonn  zzoonnee..  
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Decontaminated 
along the street 

Fukushima city hall	


Example of effect of decontamination 

Decontamination	




Statistics on the number of evacuees 
Th
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    June               August           October        December       February            April               July 
                                       2012                                                               2013        	


●●  AA  ggrreeaatt  nnuummbbeerr  ooff  iinnhhaabbiittaannttss  hhaavvee  eevvaaccuuaatteedd..  
●●  IInnhhaabbiittaannttss  aarree  ggrraadduuaallllyy  rreettuurrnniinngg..  

Evacuation to inside Fukushima Prefecture	


Evacuation to outside Fukushima Prefecture	




Annual personal doses in Fukushima City 

●●MMaannyy  ppeeooppllee  aarree  wweeaarriinngg  ppeerrssoonnaall  ddoossiimmeetteerrss    
      ttoo  eessttiimmaattee  eexxtteerrnnaall  eexxppoossuurree  ddoosseess  

0          0.2         0.4         0.6         0.8        1.0         1.2  	

Annual dose (mSv/y)	


N
um
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r o
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nh

ab
ita
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s	


(2013)	




Check of foodstuffs produced in Fukushima  

April 2012 – June 2013 	


Statistics on food inspection 	


Inspection No. 	


Exceeding the limit	


Rejected rate	


Vegetable, fruit	
 Meat, milk	
Rice	
 Mushroom, etc.	
 Fish	

Checked whole 	


Nothing	


●●CCeessiiuumm  ccoonncceennttrraattiioonn  iinn  mmaannyy  ffooooddssttuuffffss  hhaass  bbeeeenn  
      mmoonniittoorreedd..      
●●MMoosstt  ooff  mmoonniittoorreedd  ffooooddssttuuffffss  hhaavvee  ccoonncceennttrraattiioonnss    
    bbeellooww  tthhee  lliimmiitt  ((110000  BBqq//kkgg))..  



Summary on recovery 



Thank you for attention	



