
Caesium Workshop: Fukushima recovery – understanding, modelling and managing 
radiocaesium decontamination

30 Sept. to 3 Oct. 2013
CORASSE Fukushima, Fukushima, Japan

Session 3: Prediction of future distribution of Cs, with emphasis on non-decontaminated forest
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11 March 2011 TEPCO-NPP accident → Radio-Cs emitted to environment
Brown rice produced in cropping lands in 2011 >500 Bq/kg (0.2% of total)
“Yatsuda” (rice paddy fields located at narrow, gentry sloping, small valleys)

Cause: Soil properties？ Fertilizer？ Some other agricultural management？
Irrigation water Cs？ Fallen leaves Cs？ Atmospheric deposition Cs？

Understanding watershed-scale dynamics of radio-Cs is 
indispensable for explaining or predicting crop radio-Cs 
uptake in a farmland

Radio-Cs uptake by crops Radio-Cs discharge from farmland

Recharge to other environments

National Institute for Agro-Environmental Sciences
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Radiological decay curve 
with a half-life of 30.1 yr

Measured “effective” decay curve

→ Effective half-life < radiological one

→ Where effective half-life > radiological one ?13
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Global fallout 137Cs conc in farmland soil
Average for 15 rice paddy fields in Japan

Atmospheric nuclear testing-derived 137Cs

About 10-yr gap
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Modified from Yamaguchi (2012)

1) Living or dead organisms: Emit soluble Cs by mineralization

2) Soil liquid (dissolved form): Easily absorbed by crops

3) Soil solid (exchangeable or fixed form): See below

Distribution & characteristics of radio-Cs in soil

e.g., Smectite

e.g., 
Humic substances -COOH
Clay minerals edge -OH

Ex-Cs

Ex-CsFix-Cs

b) Strongly adsorb-
ing sites (rapid reac-
tion): Exchangeable 
with other cations

a) Weakly adsorbing sites 
(rapid reaction):  Very 
easily desorbed by other 
cations

e.g., Weathered mica
Vermiculite, Illite

c) Fixing sites (slow reac-
tion): Very difficult to be 
desorbed by other cations
(frayed edge site, FES)
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RIP = Kc
FES

(Cs-K) × [FES]

Amount of FES 
per 1 kg soil

Selectivity coefficient of 
Cs to K for FES (≒1000)

Radiocaesium Interception Potential

Quantifying high affinity of 137Cs+ to FES

Cremers et al. (1988) Nature

Measurement:
Mask negative charges other than FES by high conc Ca2+

→ Add K+ to adsorb to FES
→ Competitive adsorption between radio-Cs+ & K+
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Log TF vs log RIP relationship

Ryegrass grawn in 
137Cs-amended soils 
with different RIP

Delvaux et al. 2000. Environ Sci Technol

Negative relationship between TF and RIP
One-order small RIP → One-order large TF
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Ratio of exchangeable 137Cs in 1978

Effective half-life of 137Cs in farmland soil decreases with 
ex-137Cs/total-137Cs ratio
Effective half-life of 137Cs in rice paddy fields is shorter 
than upland wheat fields

Effective half-life of 137Cs in farmland soil decreases with 
ex-137Cs/total-137Cs ratio
Effective half-life of 137Cs in rice paddy fields is shorter 
than upland wheat fields

● Rice paddy field
○ Upland wheat field

short

Effective half-life  

Long

Ex-137Cs/total-137Cs ratio affects effective half-life of 137Cs
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Ratio of exchangeable 137Cs in 1978

TF increases with ex-137Cs/total-137Cs ratio

移行係数 vs. 交換態割合

● Polished rice
△ Raw wheat

Geometric 
mean during 
1987-2000

Ex-137Cs/total-137Cs ratio affects TF
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Indirect contamination:
After deposition to soil
Absorption by root from soil

Continue for a long time

Direct contamination:
Atmospheric dry & wet deposition 
(gas, dust, rain drop, mist, etc.)

Absorption by leaf, stem, etc. 
(mainly via stomata)

Direct & indirect crop contamination

Mixed-type 
contamination: 
Absorption by 
stem base from 
irrigated water 
(ponded water 
in paddy field)

National Institute for Agro-Environmental Sciences

For estimating radio-Cs conc in crop body from that in root zone soil

Radionuclide concentration in crop body (Bq/kg)
TF ＝

Radionuclide concentration in soil (Bq/kg)

Transfer factor (TF) from soil to crop

Method for evaluating 
indirect contamination

Radio-Cs conc in edible portion
500 Bq/kg

Radio-Cs conc in root zone soil
5000 Bq/kg

Example:

TF ＝ 500/5000 ＝ 0.1

National Institute for Agro-Environmental Sciences
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MAFF (2012)
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凡例

0-500

500-1000

1000-5000

5000-10000

10000-25000

25000-50000

50000以上

調査地点における農地土壌中の
放射性Csの濃度（Ｂｑ/ｋｇ）

推定値 実測値
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MAFF (2012)

Radio-Cs conc in 
farmland soil in 
eastern part of Japan

Reference date: 5 November 2011

134+137Cs conc (Bq/kg) in 
surface soil to a depth of 15 cm



Radio-Cs conc in farmland soil in Fukushima

National Institute for Agro-Environmental Sciences

Reference date: 5 November 2011

MAFF (2012)

134+137Cs conc (Bq/kg) in 
surface soil to a depth of 15 cm
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Fukushima Prefecture et al (2011)

Radio-Cs conc in brown rice vs that in soil

Radio-Cs conc in soil (plow layer) (Bq/kg)
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Exchangeable potassium (ex-K) content in soil（mg/100g）
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Soil ex-K mitigates radio-Cs conc in brown rice

Fukushima Prefecture et al (2011)
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25 mg/100g
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NARO (2011)

Soil ex-K mitigates TF to brown rice
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Exchangeable potassium (ex-K) content in soil（mg/100g）

Radio-Cs monitoring at Farmlands in Fukushima

Dry & wet deposition sampler (right) & rain gauge (left) 



Radio-Cs monitoring at farmlands in Fukushima

Irrigation water sampling & flow 
monitoring by Parshall flume

Dry & wet deposition sampler
（0.5 or 1.0 m2）

Tile drainage water sampling & flow meter

Irrigation water supplied from mountain stream, spring water, large-scale irrigation system

Surface drainage water sampling 
& monitoring by triangular weir

Rice paddy, upland vegetable, orchard, grassland, non-cropping rice paddy fields, etc.

One water sample 
>20 L

Separate dissolved & 
suspended radio-Cs by 
filtering with a pore size 
of 0.025 µm

Uncropped watershed (prohibited)Cropped watershed

Agriculture effects on riverine radio-Cs discharge

Paddy rice / soybean Solidago altissima Artemisia indica

National Institute for Agro-Environmental Sciences



Agricultural activities in rice paddy fields

Surface drainage during puddling Surface drainage before transplanting

Summary～Current research needs

1. Effective half-life of radio-Cs in farmland soil (about 16 
yr for paddy soil) is shorter than that of radiological one

2. Exchangeable K (>25 mg/100 g) in paddy soil mitigates 
radio-Cs conc in brown rice (TF <0.01)

3. Radio-Cs recharge & discharge in farmland (rice paddy 
environment) occur mainly in suspended form

4. Dissolved radio-Cs is trace <1 Bq/L; however, its effect 
on crop radio-Cs uptake (in edible portion) is unclear

5. Farmland to watershed-scale models should include 
dissolved & adsorbed radio-Cs in soil & water, organic 
matter decomposition, time-dependent fixation, etc.
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