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7 years ago…. 

(Source: Emily Welenc's Blog) (Source: The Telegraph, 2011) 





 

 

 
(Evrard, Laceby et al., JER 2015) 
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Vandebroek et al., 2012 

Andisol characterized by low FES 137Cs strongly fixed on Frayed Edge Sites (FES) 

Did 137Cs remain in the uppermost centimetres and could 

it be transported by erosion ? 

FES 

Okumura et al., 

2013 

Behaviour of radiocesium in Japanese Andisols 



Focus on paddy fields 

(highly connected to the rivers) 
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Behaviour of radiocesium in Japanese Andisols 

Lepage et al., 2015 (JER) 



 Major part of 137Cs remains in the uppermost 5 cm even 30 months after the accident. 

 Natural migration of radiocesium is very low in paddy field soils in the studied catchments 

Lepage et al., 2015 (JER) 

Behaviour of radiocesium in Japanese Andisols 



Why does radiocesium strongly bind to Japanese Andisols? 

 

XRD analysis: 

 Presence of phyllosilicates 

(chlorite, kaolinite, illite) known 

to strongly fix radiocesium  

      (Nakao et al., 2012) 

 

 

Sources of these 

minerals: 
• Eroded in the upstream mountains and 

transported to the paddy field by river 

(Nemoto et al., 2013) 

 

• Aeolian deposition of dust from China 

(Eguchi et al., 2013) 

 

 

Al : Albite 

Amp : Amphibole 

Ph : Phyllosilicates 

Q : Quartz 



(Evrard, Laceby et al., JER 2015) 

• 134Cs and 137Cs are considered the most serious risk 

to the current and long term health of the local 
population (Kitamura et al., 2014; Saito et al., 2015) 

 

• Radiocesium is strongly and rapidly fixated to fine 

soil particles (He and Walling, 1996; Sawhiney, 1972)  

 

• Majority of cesium is transported 

     with the particulate fraction 

      (see table – Mean K(d) ~5 x 105) 
 

 

Radiocesium 



Seasonal Variability 

 

Total precipitation: 
 

60% between June and October 

 

 

Rainfall erosivity: 

82% between June and October 
 

 
 

Climate 

(Laceby et al., 2016 HESS) 

17 typhoons/tropical storms between 2011-2015 
 

• Largest: 

• Roke (2011)  
Precip - 231 mm (SD 48, Max 339) 
R - 1695 (SD 1066, Max 5089)MJ mm ha h 
 

• Etau (2015) 
Precip - 240 mm (SD 125, Max 573) 
R - 1581 (SD 1477, Max 7887) MJ mm ha h 

  
 



Fieldwork 
SURVEYS EVERY 6 MONTHS 



Sediment Tracing 

Three main approaches: 
 

1. Spatial pattern of radionuclide deposition 
 

2. Soil types (geochemistry) 
 

3. Land use sources (organic matter) 

 

Sediment 

Fingerprinting 
Geology 

Geomorphology 

Soil Science 

Biogeochemistry 

Hydrology 

Modeling & 

Statistics 



 

 

 

Homogeneous 134Cs:137Cs ratio (~ 1) in soils  across the area 

Large spatial variations of 
110mAg :137Cs ratio 

Chartin et al. (2013) Anthropocene. 

Spatial pattern of 110mAg deposition 
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Lepage et al., 2014 (JER) 

Spatial pattern of 110mAg deposition 
Affinity for the finest particle fractions 



(Chartin et al., 2013) 

Use of 110mAg :137Cs ratios to 

discriminate upstream vs. 

downstream soils 

Spatial pattern of 110mAg deposition 



Seasonal cycle of dispersion 

 

 

 

Nov 11: after 

typhoons  

April 12: after 

snowmelt 

Nov 12: after  

typhoons 

May 13: : after 

snowmelt 

2011-2012 2012-2013 

Proportion (%) of                               

upstream soil 
Proportion (%) of 

downstream soil 

Spatial pattern of 110mAg deposition 

Rapid decay of 110mAg (half-life of 250 d) and low initial fallout levels 



What about longer-lived radioisotopes ? 

• Analysis of Pu isotopes by mass spectrometry  

(239Pu, 240Pu, 241Pu, 242Pu). 

 
• Detection of Pu ultra-traces in flood sediment  

deposits along Fukushima rivers. 

 Fukushima 

fallout  

Global fallout 

Sediment 
(Fukushima 

rivers) 

MIX 

Evrard et al., ES&T (2014) 
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Two major sources characterised by 

contrasting contamination levels in 
137Cs: 
 

• Coastal plain 
 

• Upper catchment region 

 

 

 

(Lepage et al., 2016 Anthropocene) 

Spatial pattern of 137Cs deposition 



Initial contamination 

in 137Cs 

137Cs background 

Strong decrease of the initial contamination                            

from 2011 to 2017 

Fieldwork campaign 

P
ro

p
o

rt
io

n
 o

f 
in

it
ia

l c
o

n
ta

m
in

a
ti

o
n

 (
%

) 

After Evrard et al., Sc. Rep. (2016) 



How can we explain this decrease? 

Export  

during typhoons 
Landslides 

Channel bank collapse 

Decontamination 



Where is the residual contamination stored 

today? 

Forests Dams/reservoirs 



137Cs (Bq/kg) 

Depth (cm) Mano Dam 

Ogaki Dam 

Today, the main sources of contamination 
are forests and reservoirs 



Focus on the Mano Dam Reservoir 

Sources and particulate matter parameters for the <63 µm fraction  

with artificial concentration dependent mixing lines 
Laceby et al. (2017) 

Where does the sediment accumulated in 

the reservoir come from? 



Source contributions to Mano Dam sediment 

Cultivated sources contributed 48%  

(SD 10%) 

 

 

 

Forests contributed 27%  

(SD 10%) 

 

 

 

Subsoils contributed 26% 

(SD 8%) 

 

 

 

(Huon et al, 2018 STOTEN) 



Changes of radionuclide contents/signatures 

with depth in the dam 

Jaegler et al. (in preparation) 

2011 

2011 

Fukushima  

fallout 

Global 

fallout 



WHAT WE KNOW 7 YEARS  

AFTER THE ACCIDENT 



FDNPP direct releases in 

March 2011: 12–41 PBq 
(Bailly du Bois et al., 2012) 

 

Later leakages 
June 2011 – Sept 2012 : 17 TBq 

August 2012:  24 TBq  

(Yamashiki et al., 2014) 

Abukuma River  
3–10 TBq yr-1 

(Kitamura et al., 2014; Yamashiki et al., 

2014) 

Coastal rivers ~ 5 TBq yr-1 

(Kitamura et al., 2014) 

Radiocesium exports to the Pacific Ocean 

1 TBq = 1012 Bq; 1 PBq = 1015 Bq 



WHAT WE DON’T KNOW 7 YEARS  

AFTER THE ACCIDENT 



Asanuma- 

Brice (2017) 



Asanuma- 

Brice (2017) 





Perspectives 

Adapt the WaterSed model to 

the Mano Dam catchment. 

 

  

 

 
 

 

 

*The WaterSed model is the next iteration of the 

STREAM model (Cerdan et at., 2002) 
 

 

Develop a radiocesium 

module 
 

 



• Considerable lab and fieldwork has been conducted in the coastal 

river catchments draining the main radioactive pollution plume 

since 2011; 

 

• The flood events (triggered by typhoons) and human actions have 

significantly reduced the radiocesium contamination levels 

measured in sediment transiting these rivers;  

 

• After the completion of remediation works,  future research should 

focus on the impact of  the return of refugees  and their practices 

on further radionuclide redistribution; 

 

• Improvement of models (e.g. ongoing work on  

       WaterSed) and investigation of forgotten radionuclides 

       are essential to meet this goal ! 

  

 

Conclusions 
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Many thanks for your attention! 


