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ABSTRACT 
 

In recent decades, Oceanography has been using a variety of radionuclides as tracers to understand the ocean 
dynamic processes, handling and disposal of sediments of seabed. In this context, the determination of natural 
radionuclides distributions (238U, 232Th and 40K) has been carried out with sediments samples from the shelf and 
upper slope off Southeast Brazil using a gamma spectrometry technique. The samples were sliced into strata of 
2 cm, dried, ground and properly packed to be analysed. The concentration of activities was performed in a 
hyperpure Ge detector with a resolution of 1,9 keV for the peak of 1332,3 keV of 60Co, model GEM50P by 
EGG&ORTEC. The study area is located between latitudes 28°40'S and 23°00'S and extends from Cabo Frio 
(RJ) to Cabo de Santa Marta Grande (SC). The activity concentrations varied from 0,6 to 52,8 BqKg-1 for 238U, 
from 1,6 to 50,9BqKg-1 for 232Th and from 65,4 to 873,3 BqKg-1 for  40K. From these results it is possible to 
establish a correlation between the depositional area dynamics and the samples size parameters. 
 
 

1. INTRODUCTION 
 
Natural radionuclides, including isotopes of uranium, thorium and potassium, that occur in 
the environment have been used in oceanography as tracers to understand the dynamic 
oceanic processes, and the handling and disposal of sediments into the seabed [1]. 
 
These natural radionuclides are powerful tracers for many marine processes due to the 
relatively well-defined temporal and spatial characteristics of introduction into the ocean and 
the knowledge of their input/transport in different marine compartments. They provide 
insights into a large numbers of processes [2]. 
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However, in Brazil, there is little information about the contents of natural radionuclides on 
the coast and deep ocean and few studies using radionuclides as tools to comprehend oceanic 
processes. The majority of the studies deals with the presence of natural radionuclides in 
inland and groundwater, water for human consumption [3]; [4], soil, plants and food. In 
general, studies of natural radionuclides in the marine environment are applied to calculate 
sedimentation rates and discharge of groundwater into the oceans. There are also more 
frequent studies involving artificial radionuclides to understand oceanographic processes [2]. 
 
 In this context, the purpose of this study is to present levels of natural radionuclides (238U, 
232Th and 40K) in marine sediments from the shelf and upper slope off Southeast Brazil. 
 
 

2. STUDY AREA 
 
The study area corresponds to the shelf and upper slope off Southeast Brazil (Fig.1), between 
28°40'S and 23°00'S latitude. It extends from Cabo Frio (RJ) to Cabo de Santa Marta Grande 
(SC), and the continental shelf width varies from 73 to 231 km with a declivity ranging from 
1:656 to 1:1333 [5]. 
 
 Its geological evolution has its origin in the development of the Atlantic type margins, 
marked by the subsidence of the Santos Basin by the uplifting of the Serra do Mar range and 
Mesozoic alkaline magmatism [5]. 
  
The inner shelf is covered mainly with sandy quartzose sediments and between 50 meters of 
depth to shelf break (120 and 180 meters deep) the coverage is predominantly muddy 
sediments [2]. 
 
Near São Sebastião Island, situated in the State of São Paulo, there is a break in the coast line, 
where it changes from southwest-northeast to west-east, indicating a change in the sediment 
deposition pattern. This region’s sedimentation is essentially terrigenous and composed of 
quartz sand and sludge. These differences reflect changes in oceanographic and 
geomorphologic characteristics that prevail in the continental margin region [5]. 
 
There is a differentiation in sediment sources between northern and southern sectors. In the 
southern area, the sediments are mainly allochthonous, with its origins in the younger rocks 
of the Andean chain that reach the continental shelf via the River La  Plata. In the northern 
sector, the sedimentation is determined by the action of the Brazil Current, and is a mixture of 
terrigenous sediments and pelagic fractions [5]. 
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Figure 1.  Study area comprehending shelf and 
upper slope off Southeast Brazil 

 
 
 

3. MATERIALS AND METHODS 
 
Sediment samples analised are 109 in total and were collected by the R. V. "Prof. W. 
Besnard” between 1998 and 2003 in several scientific cruises and belongs to the archives of 
the Laboratory of Sedimentology-IOUSP. They were sliced into intervals of 2 cm and only 
the topmost (0-2 cm) was considered in this study. Most of these samples were collected 
between the depths of 50 and 1000 meters. They were weighed, frozen, dried, homogenized, 
transferred to plastic containers and counted for 50000 seconds after a period of 20 days, 
necessary to establish the secular equilibrium. 
 
The concentration of activities was performed on a hyperpure Ge detector with a resolution of 
1.9 keV for the peak of 1332.3 keV of 60Co, model GEM50P by EGG & ORTEC. This 
detector has a low background radiation and a high efficiency for counting. It is appropriate 
for determining gamma emitting radionuclide [2]. Reference materials certified by 
International Atomic Energy Agency (IAEA)[6]; [7] were used to calibrate the detector. 
 
238U was determined by the peak of 214Bi at 609 keV. This is possible because 214Bi decays 
from 238U and these two radionuclides are in secular equilibrium. 232Th was determined in the 
peak of 228Ac at 911 keV by the same principle. Determination of 40K was made directly by 
its peak at 1460.81 keV.  
 
 

4. RESULTS AND DISCUSSION 
 
Activities distribution of 238U, 232Th and 40K in shelf and upper slope off Southeast Brazil 
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are shown in figure 2. 
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Figure 2. Distribution of radionuclides in the study area 
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In general, the values increase towards the south, indicating a similar correlation of 238U, 
232Th and 40K with the latitude and other factors such as changes in oceanographic processes 
along the study area. The activities of 232Th and 40K tend to increase with distance from the 
coast in the southern sector, and on the other hand, levels of 238U tend to decrease.  It may 
also suggest a relationship between the activity and the depth.  
 
The sedimentation pattern found by [5] on the shelf and upper slope off Southeast Brazil 
shows the occurrence of these two distinct sectors, defined by the location of São Sebastião 
Island. In the southern sector, there is a trend in the accumulation of fine sediment in areas 
more distant from the coast and an increase in the amounts of silt and clay near the isobath of 
100 m. In the northern sector, the sedimentation pattern is more complex, with the presence 
of a heterogeneous distribution in the sediment, as a set of several different size standards, 
side by side.  
 
Different patterns found by [2] of 137Cs to compare the values to the north and to the south of 
São Sebastião Island. In the southern sector, there was an increase in the levels of this isotope 
towards the north, from 0.5 to 1.79 Bq kg-1. In the northern sector the values found are 
practically constant, varying between 0.30 and 0.62 Bq kg-1. The spatial distribution of 238Pu 
has almost the same pattern of differentiation in the areas north and south of São Sebastião 
Island, but the lowest values are found in the northern sector.  
 
It may be the result of the transportation of these elements by hydrodynamic agents in the 
region, with an emphasis on the subtropical front, which carries water from the shelf to North 
Argentina.[2].  
 
Similarly, the distribution of 238U, 232Th and 40K, which is the object of this study, can be 
investigated in different sectors to the north and to the south of the island of São Sebastião to 
join oceanographic phenomena such as the ones that were done in the work of [5] and [2]. 
 
Mean activities were compared with values obtained in previous studies. Table 1 shows mean 
activities of natural radionuclides in marine sediments of different countries: 
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Table 1. Mean activities of 238U, 232Th and 40K for different countries (modified from 
[8]) 

 
Region Author 238U 

(Bq.kg-1) 
232Th 
(Bq.kg-1) 

40K 
(Bq.kg-1) 

Southeast Brazilian Shelf This study 21 28 426 
Greece (Cyclades Island) Florou et al. (1988) 67 31 666 
Greece (Gulf of Corinth) Papatheodorou et al. 

(2005) 
79.5 85.5 318.8 

Egypt Seddeek et al (2005) 11.7-51.1 14.8-67.2 99.4-102.9 
Sudan (Red Sea) El Mamoney and 

Khater (2004) 
29.6 6 158.4 

Algeria (Bay of 
Ghazaouet) 

Noureddine and 
Baggoura (1997) 

23.1 28.6-30.8 446-518 

Northwest Pacific Ocean Moon et al. 9.8-43.2 13.6-58.6  
Greece (Gulf of Patras) Papaefthymiou et al. 21.8 24.5 497 
World average UNSCEAR (2000) 35 30 1700 
 
 
 
In general, values are in the same magnitude order of other values found all over the world. 
238U and 232Th are very similar to the world average and only 40K is slightly lower. 
 
 

5. CONCLUSION 
 
The determination of 238U, 232Th and 40K in marine sediments from the shelf and upper slope 
off Southeast Brazil makes an important contribution to the study of the levels of these 
radionuclides, since information for this area is scarce. 
 
A latitudinal differentiation in radionuclide distribution was found. 238U values were higher in 
samples collected in southern sectors. The same happened to 232Th and 40K.  
There were also bathymetric differentiations. 238U levels were higher in samples collected at 
lower water depths. On the other hand, 232Th and 40K exhibited higher values at greater 
depths. 
 
The concentration of activities varied from 0.6 to 52.8 Bq kg-1 for 238U, from 1.6 to 50.9 Bq 
kg-1 for 232Th and from 65.4 to 873.3 Bq kg-1 for 40K. Comparing these values with values 
from other countries and with a world average, it’s possible to note that Brazilian’s values are 
lower, especially 40K. 
 
From these results it is possible to establish a correlation between the depositional area 
dynamics and the sample size parameters. 
 
In the future, these levels should be applied as tracers to comprehend oceanic processes that 
occur in this study area. These radionuclide levels can be compared to grain size parameters 
in an attempt to establish correlations between these parameters and to provide information 
on source areas and sediment transportation [9]. 
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