
θ =  forest + PFU + EC + average slope + ln(Basin Area) + ln(Deposition Ratio) ＋ Inland water
Hypothesis in Smith 2004 : the approximate lines have the same shape 

Only Phase 3 is suitable for Smith's assumption for river bottom soils       θ = A3

- Chernobyl -

⚫ Dissolved Form Smith et al. 2004

Cs concentration changes in 3 phases over 

12 years

Phase1 : the fast flush

Phase2 : slow decline by soil fixation

Phase3 : the very long-term runoff

Comparing the Cs-137 concentration level by 

scaling factor (θ)

High R² with the percentage of inland water 

(R² = 0.75)

⚫ bottom sediment Smith and Comans 1996

Cs-137 diffusive transport and remobilization 

was evaluated  using model

Concentration gradient between sediment and 

water suggest the possibility that Cs-137 in 

the soil phase may be discharged into the 

river
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Suspended sedimentDissolved Form

Bottom sediment

data Sampling point Collector Sampling method Remarks

Bottom concentration, EC 89 points Ministry of Environment Ekman-Birge Bottom sampler with Grain size analysis

Suspended concentration, SSA 30 opoints Fukushima Prefecture SS sampler 200m far from the points of Bottom sediment

1) Removal of seawater sampling points 
Threshold：1000[µS/cm]

𝑆𝑚𝑠：Specific surface area [𝑐𝑚2/𝑔 ]    𝑆𝑠1：1 [𝑐𝑚2/𝑔] 𝑉：(0.65) 

small ←  surface area →  large

𝐴2 𝑒−λ2𝑡 + 𝐴3 𝑒−λ3𝑡

𝐴1 𝑒−λ1𝑡

2) Particle-Size correction

3) Normalization
Entrainment coefficient : Initial Deposition 

𝐴2 𝑒−λ2𝑡 + 𝐴3 𝑒−λ3𝑡

λ1 (R² = 0.92) Estimated R with λ1 P value

Intercept -7.9 ー 0.45

ln(A1) 3.0 0.94 2×10⁻¹⁶

Forest [%] 0.12 -0.30 0.27

PFU [%] 0.095 0.25 0.37

EC [µS/cm] 2.8×10⁻³ 0.30 0.22

Average slope [°] -0.17 0.09 0.04

ln(Basin Area) 0.88 -0.19 1×10⁻³

ln(Deposition Ratio) 1.0 -0.10 3×10⁻³

λ2 (R² = 0.29) Estimated R with λ2 P value

Intercept 1.5 ー 0.67

ln(A2) 0.68 0.52 7×10⁻⁶

Forest [%] 0.011 0.03 0.77

PFU [%] 6.2×10⁻³ -0.03 0.87

EC [µS/cm] -2.1×10⁻⁴ -0.02 0.79

Average slope [°] -0.022 0.15 0.47

ln(Basin Area) 0.066 0.07 0.54

ln(Deposition Ratio) 0.061 -0.06 0.63

λ3 (R² = 0.34) Estimated R with λ2 P value

Intercept -0.74 ー 0.18

ln(A3) 0.098 0.27 7×10⁻⁴

Forest [%] 9.6×10⁻³ 0.02 0.11

PFU [%] 0.011 0.01 0.057

EC [µS/cm] -5.7×10⁻⁵ -0.16 0.65

Average slope [°] -5.2×10⁻³ -0.042 0.26

ln(Basin Area) 3.2×10⁻³ 0.14 0.83

ln(Deposition Ratio) 0.071 0.34 3×10⁻⁴

θ (R² = 0.20) Estimated R with θ P value

Intercept 0.041 ー 0.55

Forest [%] -5.1×10⁻⁴ -0.17 0.49

PFU [%] -2.0×10⁻⁴ 0.15 0.78

EC [µS/cm] -5.7×10⁻⁶ 0.14 0.68

Average slope [°] 1.0×10⁻³ -0.11 0.04

ln(Basin Area) -3.6×10⁻³ -0.01 0.04

ln(Deposition Ratio) -3.7×10⁻³ -0.15 0.09

Inland water 2.8×10⁻³ 0.2 0.09

- Fukushima -

⚫ Ratio of Cs-137 runoff Iwagami et al. 2017

Suspended (95% -) > Dissolved (- 5%) 

⚫ Dissolved Form   Tsuji et al. 2019

positive relationship (R = 0.82) between 

dissolved Cs-137 and building area
→Possible effects of high K＋and DOC

⚫ Suspended sediment  Taniguchi et al. 2019

High PFU (paddy field, farmland and urban) 

causes high Cs-137 discharge in the first 

year, followed by a gradual secondary 

Steady Cs discharge in forest

→runoff from paddy fields and urban 

wastewater

To evaluate 1) remobilization from 

river-bottom sediment and 2) the

differences of Cs-137 among 

dissolved, suspended and bottom 

sediment using long-term 

monitoring data of river-bottom 

sediment in Fukushima

〇Watersheld：
10m mesh DEM
By Geospatial Information Authority of Japan

〇Land use：
Geospatial Information Authority of Japan

(100m×100m) 2016

〇Initial deposition：
Open data published by CRiES
(DOI：10.34355/CRiED.U.TSUKUBA.0003)

250m×250m

Prevent ionic competition due to seawater intrusion Eliminate differences in sediment grain size

4) Double exponential approximation
Quantify concentration change

Before the highest  :  exponential approximation

After the highest  :  double exponential approximation

A : interception coefficient   λ : decline rate

Example of Approximation

Bottom sediment  75 points Suspended sediment  23 points

High increase

High decrease

Comparison of suspended and bottom sediment

Multiple regression analysis

λ =  ln(A) + forest + PFU + EC + average slope + ln(Basin Area) + ln(Deposition Ratio)

Deposition Ratio : (Basin-average Initial Deposition) / (Initial Deposition to the sampling point)

➢ Cs-137 in river-bottom sediment could increase

➢ Increased Cs-137 concentrations may be due to deposition 

distribution

➢ Reach the same level as the suspended sediment after 1 year

➢ After the second year, Cs-137 concentration stagnates at 1-2 

orders of magnitude lower than that of suspended sediment
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5. Conclusion

➢ A1, average slope, Basin area, and deposition ratio were significant variables for λ

➢ Good correlation between λ1 and A1

➢ Only A2 was significant as an explanatory variable for λ2

➢ A3, deposition ratio, (and PFU) were significant as explanatory variables for λ3

➢ Over time, the relationship between A and λ in the bottom sediment becomes unclear

➢ The Fukushima’s bottom sediments had no relationship with inland water

➢ Cs-137 in bottom sediment differs from other forms 

and may increase in the initial phase

➢ Cs-137 in bottom sediment continues to increase to

the same level of suspended sediment

➢ Land use is not a factor of Cs-137 concentration 

change in bottom sediments.

➢ Differences in land use, the source of suspended 

sediment production, are reflected in its Cs-137 

concentration.

➢ High coefficients of determination were obtained for 

simple parameters such as λ and land use in the 

suspended sediment. On the other hand, high 

correlation coefficients were obtained for only a 

limited number of individual parameters for river 

bottom soils.

This is due to the complex interrelationships among 

river water quality, sediment transport, topographic 

factors, and other factors at various time scales in 

river bottom soils.
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