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Mobility and transport of cesium and strontium in soil erosion by water 
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Abstract It was apparent that the cesium migrates horizontally in greater proportions than the strontium that pooly 
fixes on the particles and infiltrates into the first centimeter of the soil. One parameter to take into account would 
appear to be the initial humidity of the soil. The sedimentary crust favours the exportation of cesium and strontium 
by preventing its infiltration, while at the same time trapping part of the contamination on its immobile particles. In 
the case of wet discharge, the contamination of cesium tends to disperse. It is now necessary to extend the domain 
of study of our factors for completing results. Dry periods in structural history and organic contents appeared to be 
most important. 

1. INTRODUCTION 

Water erosion is responsible for the spread of radioactive contaminant through the agricultural catchment 
area, its redistribution, possible concentration and export towards the aquatic environment, and also for 
the post-accident contamination of plants through splash of water (figure 1 ) . 

Study of the radionuclides horizontal migration 

Figure 1 : Context of the study. After a nuclear accident the radionuclides deposited in contamination zone will be subject to 
migration on account to erosion processes. It is necessary to evaluate quantity and localisation of future accumulation zones. 

The multiple criterions of the erosion problem in a catchment area are very difficult to integrate as a 
whole in a model. To solve this difficulty, the catchment area is first decoposed into homogeneous 
compartments with the same pedologic, agronomic and climatic conditions, in order address the process 
occurring in each of them. 
For studing erosion processes in each homogeneous compartment of the catchment, we have chosen to 
use an experimental approach. It seemed the necessity to reduce the number of factors, we selected with 
only two radionuclides, chosen for the environmental and radiological importance, cesium and strontium. 
In case of a nuclear accident, radionuclides can reach the soil surface by dry-deposition or rain driven 
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wet-deposition which can lead to quite distinct behaviours due to the different speciation of these two 
radionuclides [1- 2- 3- 4]. 

Initial state 

Dry and wet deposition of aerosols 
cesium an strontium 

Limits 

Interrili 
Uncovered soil 
Surface soil without heterogeneity 

Objectives 

Decimetric transfer of radionuclides 
by rain and run-off water 

Figure 2: Experimental approach and objective, simplified problems for studied erosion processes in laboratory. 

This research has been limited to the interrill of the catchment, because soil particles are mobilized by 
rain or runoff in the interrill [5]. It is also in the interrills that contaminants are mobilized before being 
concentrated in the rill. We therefore worked at interrill decimetric scale. 
The vegetation reduces soil mobilization and soil transport. Such effects however cannot be studied in the 
laboratory. It must be mentioned that our sudy using uncovered soil corresponds to the most critical 
situation for horizontal transport. 
The decimetric scale selection prevented the integration of surface heterogeneity, which further 
complicate erosion process [6]. 

Our objective was to understand and quantify decimetric transfer without any vegetation, surface or 
topographic heterogeneities. We used power of rain and run-off for transfer contaminants sorbed on soil 
particles. 

2. M A T E R I A L S AND METHODS 

Half square meter boxes have been filled with a with silty loamy soil. Contamination has been simulated 
with the SARA facility (SARA : Simulation of deposit of radioActive aeRosots on Agricultural land). 
This installation allows for an experimental deposit of dry aerosols. Wet deposits are performed through 
manual watering with dissolved contaminants. After contamination the experimental boxes are submited 
to water erosion under an oscillating nozzle sprinkler [8]. Rain gauge (1/2 m2) evaluated rainfall at an 
intensity of 40 mm.tr 1 on 1 m2. Our rain simulations consisted of twelve episodes of 10 minutes, every 
24 hours. 
Four variables have been studied, the type of deposit, the slope, the soil structural state and humidity 
before contamination (Figure 3). 
Contaminations have been performed on dry and freshly compacted soils. For studding the influence of 
the structural and hydric status on the contaminants mobility, we focused on soil moistened by 6.7 mm of 
water and soils encrusted after 40 mm of precipitation on a 10 % slope. 
The radionuclides used are both gamma emitters which allow for rapid measurements. In order to 
quantify the surface displacement of the contamination, we used a small Nal field probe (Aries TCI55A) 
that enables to obtain relative non-destructive measurements of the surface with less than 10 % error. In 
order to quantify the radionuclides exportation by the run-off water, we sampled the water and the soil 
downstream of containers after each rain, and measured their radioactivity using a Gamma-Ge counter 
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Contaminations have been performed on dry and freshly compacted soils. For studding the influence of the 
structural and hydric status on the contaminants mobility, we focused on soil moistened by 6.7 mm of 
water and soils encrusted after 40 mm of precipitation on a 10 % slope. 
The radionuclides used are both gamma emitters which allow for rapid measurements. In order to quantify 
the surface displacement of the contamination, we used a small Nal field probe (Aries TC155A) that 
enables to obtain relative non-destructive measurements of the surface with less than 10 % error. In order 
to quantify the radionuclides exportation by the run-off water, we sampled the water and the soil 
downstream of containers after each rain, and measured their radioactivity using a Gamma-Ge counter 
(Eurisys GeHp — EGPC15, type P junction). Fractions of the soil covered with sedimentary crust were 
estimated by means of a numerical camera (Epson photoPC 600) and the software SigmaScan Pro 4.0. 
Crust areas were differentiated from residual aggregates from their more brownish colour. It was 
necessary to perform the threshold selection 12 times per plot to obtain less than 10 % error. 

Variables 
. Deposit 

Figure 3: The study limits and the processes experimentally addressed 

Finally, we quantified the vertical migration of the radionuclides by sampling soil samples in the surface 
crusts, at depths of 1 and 2 centimeters. The radioactivity of these samples has been measured by gamma-
Ge. The disaggregating efficiency of each process has been quantified based on batches addressing the 
radionuclides fixation on soil particles. 

3. RESULTS AND DISCUSSION 

Soil slaking appeared to be the most efficient process promoting radionuclides mobility. Fixation of 134Cs 
and 85Sr was in agreement with the important literature. Radionuclides sorption was very fast on soil 
particles, a such feature does not seem to have been previously reported. However, it musl be 
strengthened that such results, being limited to the above mentioned experimental conditions, are not get 
appropriate to support an extrapolation to real and natural soil conditions. 

Table 1 recapitulates the role of deposit type, slope, soil structure and humidity on the mobility of 
radionuclides. Their influence on fixation of Cs an ^Sr has not been studied, but previous work allows 
to propose some hypothesis. Camarasa-Claret [9] showed that Cs and Sr dissolution after dry-deposit can 
be a long-term process. 
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Table 1 : Role of same factors (type of deposit, slope, structural state and humidity of soil) on the mobility of radionuclides 
(J, not studied ; 0, no effect; -, decreases mobility ; +, increases mobility). 

Deposit Slope Structural 
history 

Hydric 
history 

Radionuclides fixation 

Horizontal migration Wet + Cs + Cs crust -
SrO 

Cs wet -
SrO 

Vertical migration Sr wet + Sr + Cs crust -
Sr crust -

CsO 
Sr wet + 

Exportation 0 ++ 0 0 

The absence of crust and wet-soil increased exportation in contrast to crusted soil which immobilised 
radionuclides. When sedimentary crusts appeared, fixation was surely enhanced, because clay was upper 
stratified in crust [11]. When the soil was humidified before deposit, fixation was facilitated by better 
dissolution of aerosols. After a wet contamination, dispersion of cesium was more important than after 
dry-deposit, but it was not judicious to study the role of their deposit type because it did not influence 
exportation of Cs and Sr out of the interrill. 

4. CONCLUSION 

The risks of secondary contamination driven by horizontal migration are not negligible. This study has 
enabled us to establish a outline for the general functioning of our soil samples. Soil slaking is 
undoubtedly the most efficient disaggregating process prone to mobilising cesium and strontium. It is 
therefore when the interrill area is immersed that sorption of the radionuclides is reaching its maximun. In 
addition, the exportation rate is increased on a soil that is not encrusted and wet whereas contaminants 
tend to persist when a sedimentary crust is formed. There is dispersion of cesium during wet deposition. 
The surface mobile stock is rapidly eliminated under steep slope conditions. 
One might summarise the results by stating that in one winter month (80 mm of precipitation), there 
would be 40 % of surface spreading of contamination, 60 % of exportation and that only the strontium 
migrates vertically (Figure 4). 

Transfer of radionuclides during 1 winter month (80 mm of rain water) 

- 40 % in surface 

Low depth 
But, remain mobile 

But, mobility overestimate because of parameters choice 
( slope, intensity and time rain, nature of the soil) 

Figure 4 : Use of results to a soil during 1 winter month with 10 % slope. 
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Working on a single soil type has enabled us to establish a scheme of the general functioning, a feature 
which deserves now a full validation for various types of soil while increasing the complexity of the 
hydric history. 
For an operational expert model to be further elaborated, a prior knowledge of the catchment area is a 
baseline requirement, but also, designing a reasonably short calculation time appears more important 
than reaching a high spatial resolution. By applying solid-liquid distribution coefficients to erosion 
models such as WEPP, the calculated rate of transport in the run-off water may prove satisfactory. In 
contrast, for the development of a research model, a more mechanistic approach with finer time scales 
and better resolution of surface obstacles would undoubtelly provide a basis for good anticipation of 
possible contamination re-concentrations in the catchment area. The LISEM model is a good illustration 
of this approach. 
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