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ABSTRACT 

 
 

The soil erosion accelerated which produces the presence of sediment in rivers is one of the main environmental 
problems and represents a challenge for the sustainable use of soil and water resources. The problems associated 

with the increased sediments production are mainly related to the rivers siltation, reduced storage capacity of 

dams and reservoirs and reduction in the quality of aquatic environment. Thus, further information on 

sedimentation rates in lakes and reservoirs are required, as a parameter for estimating the chronology of 

production rates of sediment. Therefore, methods to establish the chronology of recent sediments are central 

base for such research. The cesium-137 is an artificial radionuclide with a half life of 30.2 years, inserted in the 

environment through the "fallout" radioactive between the 1950’s and 1970’s, with two predominant peaks of 

deposition in 1959 and 1964. The basis for using the cesium-137 in this context (chronology of sediments) is 

that the cesium-137 is rapidly and strongly adsorbed to fine particles of soil and its distribution in the sediment 

profile directly reflects the chronology of sediment deposition. The purpose of this work is to use the cesium-

137 profile in lake sediments to assess the history of deposition and to obtain information about the erosive 
process. For this, lake sediments of a mini-hydroelectric power plant built in the 1940’s in the city of Londrina-

Pr were analyzed, showing that cesium-137 can be used as a source of data for chronological assessment of 

erosive processes occurring in the vicinity of the lake. 

 

 

1. INTRODUCTION 

 

Fallout 
137

Cs has been widely used to establish the chronology of sediment cores retrieved 

from various depositional systems. The basis for using fallout 
137

Cs in such studies reflects its 

well-documented fallout history and the nature of its interaction with soil and sediment 

particles [1]. 

 

The temporal and spatial variation of 
137

Cs fallout has been recorded by monitoring stations 

at different locations around the world. The 
137

Cs is an artificial radionuclide with a half-life 

of 30.17 years which was introduced into the environment by the atmospheric testing of 

thermonuclear weapons primarily during the late 1950’s and 1960’s. The radiocaesium 

released into the stratosphere by these weapons tests was dispersed globally and subsequently 

deposited as fallout on the land surface. Basic features of this fallout are as follows. 

Significant high levels of 
137

Cs fallout started in 1954. Most of the fallout occurred in the 

decade between 1956 and 1967, with a high input in 1959 and maximum deposition in 1963, 

the year of the Nuclear Test Ban Treaty [3]. 
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The only source of 
137

Cs in southern South America is the atmospheric testing of nuclear 

weapons during the 1950’s and 1960’s (essentially between 1952 and 1963). Hence, in the 

southern hemisphere, 
137

Cs sediment records can be used to identify sediment layers 

deposited in 1965 (shortly after most atmospheric testing had ceased) when 
137

Cs deposition 

rates were at their peak [4].  

 

In the present study, environmental 
137

Cs dating technique was employed to determine the 

recent sedimentation rates and pattern in lake of a mini-hydroelectric power plant.  

 

 

2. MATERIALS AND METHODS 

 

2.1. Study site 

 

The site studied is an artificial lake located in the region of Londrina (northern of Paraná -

Brazil), it is part of the old installation of Usina Três Bocas, a mini-hydroelectric power plant 

established in 1943 by Companhia Paranaense de Energia Elétrica (Copel) and deactivated in 

1983. After some years it was transformed into an Ecological Park (Dr. Daisaku Ikeda).  

 

This region is characterized by a road that borders the lake on the downstream right, acting as 

a landmark, and in the left side there are cultivated areas which were used as pastures until 

1980. Before it was transformed into an ecological park, the forest was very poor, being 

restored from the turn of the century. 

 

2.2. The 
137

Cs methods 

 

The basis for using the cesium-137 in this context (chronology of sediments) is that the 

cesium-137 is rapidly and strongly adsorbed to fine particles of soil and its distribution in the 

sediment profile directly reflects the chronology of sediment deposition. The cesium 

deposited that estimates the sedimentation rates in lakes and reservoirs is a result of inputs 

from two primary sources. These sources represent, first, direct atmospheric fallout to the 

surface and, second, the deposition of sediment-associated cesium-137 during the process of 

sediment accretion. This sediment-associated cesium-137 represents radiocaesium originating 

as fallout over the upstream basin which has been adsorbed by soil and sediment particles and 

subsequently mobilized by erosion and transported downstream as an integral part of the 

suspended sediment load of the river. Both the vertical distribution and the total inventory of 

cesium-137 in lake sediments will therefore commonly differ from those in the soils of 

adjacent undisturbed areas, since the latter will have received cesium-137 only from direct 

fallout [2].Assuming that migration post-deposition is negligible, the first identification of 

this radionuclide in the sediment profile can be dated to the beginning of the 1950s and the 

vertical distribution of cesium-137 in sediment profile can be compared to the records known 

of "fallout" for the subsequent periods [1].  

 

The peak of "fallout" that occurred in 1964 has been frequently used for dating sediments 

deposited during this period. Figure 1 shows the standard of "fallout" of cesium-137 in the 

northern hemisphere and profiles of sediments from lakes that show clearly the peaks of 

"fallout" occurred at 1959 and 1964. 
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Figure 1. (A) Typical pattern of total annual 
137

Cs fallout in the northern hemisphere. 

(B) Profile of 
137

Cs in a sediment core from Rostherne Mere, UK. (C) Profiles of 
137

Cs in 

a sediment cores from Chard Lake (i) and Wadhurst Park Lake (ii) [1]. 

 

 

 

The variations found in the profiles of cesium-137 in sediments can be explained taking into 

account the post-depositional mobility of cesium-137 due to bioturbation, molecular diffusion 

and resuspension of sediments that are deposited again, and the influence of the input of 

sediment from soil labeled with cesium-137 due to the processes of erosion in the basin. 

 

2.3.  Data collection and sample management 

 

Data collection was performed with a sampler developed in the laboratory of mechanics of 

the Physics Department -UEL. It consists of an aluminum tube attached to iron rods that act 

as an extension, so that the cylinder reaches the bed of the reservoir, while at the other end 

there is a choke valve that is closed when activated by a trigger. 

 

The sampling was collected in increments of four centimeters, and the samples of sediment 

were dried in an oven for a temperature of approximately 70°C for three days and then 

ground, and after that they were packed in cylindrical plastic pots of 300 ml. 
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2.4. Gamma spectrometry 

 

The activities of 
137

Cs were measured by using the technique of gamma spectrometry using 

HPGe detector coupled to a standard electronic of EG&C Ortec, within a shield for specific 

measurement of low activity, located in the Laboratory of Applied Nuclear Physics at the 

State University of Londrina. 

 

The calibration of energy efficiency for 662 Kev of the detection system was made with the 

sample IAEA SL-2 and validated with the sample IAEA 327 and IAEA 314. The calibration 

samples were placed in pots identical to those used in the preparation of sediment samples 

from the reservoir. All measures were taken in 86.400 seconds. The software used in the 

analysis was GAMMAVISION Model A66-B32 of the ORTEC EG&G. 

 

 

3. RESULTS 

 

Figure 2 presents the profile of 
137

Cs of the studied area as a function of depth. The minimum 

detectable activity for the detection system was 0.23 Bq/kg with 95% of confidence. 

 

 

 

 
 

Figure 2 . Distribution of the concentration of 
137

Cs in the Usina Três Bocas sediment by 

depth. 
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4. CONCLUSIONS 

 

According to the data presented in figure 1 the rate of sedimentation in the lake's power plant 

has undergone changes over time can be inferred. This is shown by the concentration peaks 

change along the depth. It can be concluded that, disregarding the effects of soil mobility and 

bioturbation, the depth of sediment deposited during the last decades is of at least 55cm, since 

a considerable amount of 
137

Cs is found until that distance. 

 

Assuming that all the eroded profile is represented in figure 1, the sedimentation rate is 

approximately 0,8 cm/year. It can be saw that the peak of 0.96 Bq/kg represents the region 

from the early 80's, where the rainfall data for the region shows a high rate of precipitation 

during this time and the mainly cultivation system in the region were conventional tillage.   

  

Studies of possible interference with the normal process of sedimentation in the last decades, 

and more data points along the lake, are needed to clarify the behavior of 
137

Cs deposited in 

the dam. 
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