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137Cs and the Great Acceleration
Anthropogenic radionuclides detectable at the global scale in 1954…

Caesium-137 
Strontium-90 

Plutonium isotopes 
…

… coincides with the beginning of the « Great Acceleration Period »

Zalasiewicz et al. (2015)

Steffen et al. (2015)
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Impact of global change/human activities on sediment and contaminant 
transfers in river systems along the continent-to-ocean continuum

GEDI Team

Geochemistry of Impacts



Evrard et al. (2015)

Quantifying the post-accidental redistribution of 
137Cs in Fukushima coastal catchments

March 2011



Emissions of radionuclides following FDNPP accident

Diacre et al. (2022)

March 
2011

134Cs

137Cs

T1/2= 2 years

T1/2= 30 years

133Xe

131I

T1/2= 5 days

T1/2= 8 days

239+240Pu

Steinhauser (2014)

6500 ≤ T1/2 ≤ 
24,100 years



Intensive Contamination Survey Areas – ICAs – 7836 km²
(40 non-evacuated municipalities)

Special Decontamination Zone – SDZ – 1117 km² 

(11 municipalities evacuated after the accident)

Difficult-To-Return Zone

– DTR – 337 km2 (part or totality of 6 municipalities all evacuated after the accident)

Soil contamination following FDNPP accident in March 2021

Evrard et al. 
(2023)



How was soil decontamination conducted ?

5cm Granite137Cs

Topsoil in which 137Cs is concentrated is removed
and replaced with crushed granite/saprolite

Evrard et al. (2019)

• Decrease of 137Cs levels by ~80% on average;
• 9000 km² remediated (2013-2019), 20 millions m3 of waste, cost estimated to 3 trillion JPY 



How much material was removed and at which cost?

Report as of February 2023

29.9% of the 147,443 inhabitantsreturned by 2020

6122 billion YEN/44 billion EURO spent for the 
‘nuclear recovery policy’ including decontamination
(2011-2020)

13.4 million m3 transported to interim facilities
1.4 million ton of incinerated waste



Evolution of river contamination across Fukushima Prefecture

Widespread
decontamination

Typhoon Etau

Adapted from
Evrard et al. (2021)



70-80% of the surface area contaminated in Fukushima under
forest (~1 million ha).

Radionuclide cycling in forests

After Hashimoto et al. (2022)

After
Onda et al., 
Nature Reviews (2020)

Evolution

Years after the accident
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Despite low transfer factors, activities too high in wood.

Debarking is
suggested to 
produce cedar
wood shingles 

Erosion / source of contamination?



Recultivation of cropland

Potassium (K) 
fertilization to limit
transfer to plants 

Ploughing
for diluting the 
residual
contamination 
with ‘fresh’ soil

Transfer of 
137Cs with
irrigation 
water 

Avoiding
food crops

After collaborations with A. Nakao (KPU) and T. Shinano (Hokkaido Univ.)



Rationale for the project

• The Demeterres - Agro project aims to revitalise the contaminated 
areas of the Fukushima region by creating agro-industrial activities 
based on "safe use" technologies that exclude caesium from the 
biomass produced and exploited. The types of crops targeted are not 
food crops and allow for significant value creation thanks to the 
existing high-tech outlets for the biomass produced.





Partnership Funding
• Complementarity of approaches



Field sites of interest

• Test-site (Date)
• Decontaminated site with soils enriched

in K (Iitate)
• Non-decontaminated site with soils

depleted in K (Tomioka)

• The municipality of Futaba may also be
interested



Developing environmental DNA (eDNA) techniques

eDNA in soil eDNA in lake water eDNA in sediment

DNA metabarcoding to detect different communities of taxa 
(Plants/Fungi/Metazoa/Eukaryotes/Vertebrates)

DNA puri fication Ampl i fication
(via  PCR)

Sequencing Bioinformatics

DNA sample

Species
identification



Investigating the redistribution of sediment 
contaminated with 137Cs

Investigation of erosion/sedimentation
processes in Mano Dam and its drainage 
area to understand and reconstruct the 
impact of decontamination

Vandromme et al. (2023)



Modelling the impact of decontamination

Vandromme et al. (2023)



Vandromme et al. (2023)

Modelling the impact of decontamination
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Many thanks for your attention!
ありがとうございます

http://mitatelab.cnrs.fr/

olivier.evrard@cea.fr@EvrardOlivier evrardol
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Nathalie 
Prat-Leonhardt



Changes in radiocesium contamination with time in Mano Dam

Changes in sediment sources with time

Land uses

Thomas Chalaux
(PhD student) 
[Oct. 2021 – Sept. 2024]



Very rapid degradation of land/water resources of Mayotte Island 
(French Island, Indian Ocean)

Only island of the Comoros
Archipelago that voted to 
remain French in the 1970s.

Became a French Oversea
Department in 2011.



Drinking water is mainly
supplied by two hillslide
reservoirs that are affected by 
increasing siltation.

Sediment cores/lake surveys
were conducted in 2021.

Investigating erosion in the 
drainage area of one of the 
two reservoirs available on 

the island



Impact of deforestation on land and water degradation ? 
(Dynamics and sources of soil erosion)

Consequences of land use changes on biodiversity ?

Source: LESELAM Source: Banque d’images de Mayotte



Consequences of deforestation and erosion on biodiversity

Uncontrolled 
deforestation 
and population 
growth threaten 
a tropical 
island’s water, 
land and 
biodiversity 
resources in 
only 10 years


