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ABSTRACT 

 
With the advent of techniques that enabled the detection of radioactivity, a new frontier was opened in the many 

areas of Earth sciences, as the radionuclides can be used as tracers for processes of physical, chemical and 

biological natures. In this context, natural (
40

K, 
232

Th and 
238

U) and artificial (
137

Cs) radionuclides were 

measured through the means of high-resolution gamma spectrometry, a non-destructive technique, in the 

Cananéia-Iguape Estuarine Complex (São Paulo, Brazil). The activities obtained are 107.61 - 573.84 Bq kg
-1

 for 
40

K, 11.11 - 73.65 Bq kg
-1

 for 
232

Th, 2.27 - 60.76 Bq kg
-1

 for 
238

U, and 0.23 - 3.49 Bq kg
-1

 for 
137

Cs, with 
137

Cs 

content within the observed range for samples environmentally affected only by the fallout of past nuclear tests. 

Also, these radionuclides presented a significant (α = 0.05) correlation with grain size distribution and organic 

carbon content as well. 
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1. INTRODUCTION 

 

Radionuclides are elements that, for having energetic instabilities in their atomic structure, 

emit various kinds of particles in order to become more stable. With the discovery of 

radioactivity and with the advent of techniques that enabled the detection of such particles, a 

new frontier was opened in the many areas of Earth sciences, as these radionuclides can be 

used as tracers for processes of not only physical and chemical natures, but also biological 

[1]. 

 

Because they are under the effects of the same natural processes that other elements and 

because they have chemical behavior similar to their stable isotopes, radionuclides can be 

found in all of Earth’s matrixes, such as soils, oceans and sediments [2-4]. Therefore, the 

analysis of radionuclides became a tool with crescent use in oceanographic uses, as the 

oceans, which occupy the majority of the terrestrial surface area, are the most important sinks 

of these elements. 

 

The use of radionuclides as tracers of marine processes is widely explored in scientific 

studies. There is a multitude of published papers that used radionuclides to study sedimentary 

fluxes [5-6], sedimentological parameters [7-10], estuarine circulation [11] and radioactive 

contamination [12-13]. In addition, the coupled evaluation of several radionuclides, not only 

those artificial but also the ones naturally present in the ecosystem (such as 
232

Th and 
238

U), 

can help the definition of proper organisms to be used as biomonitors and/or bioremediators 

of potential impacts [14]. 

 

Some peculiarities of the Cananéia-Iguape Estuarine Complex (Figure 1), located in the São 

Paulo coast (Brazil), is the occupation of all its coast with mangrove forests of the genus 

Rhyzophora, Laguncularia and Avicennia [15]. Its geological origin dates from 120,000 years 

BP (before present), being the actual complex the result of the drowning of a system of 

fluvial channels after a transgressive stage, known as Cananéia Transgression [16]. 

 

The creation of the Valo Grande Channel in the end of the 19
th

 Century, intended as a mean to 

ease the flow of vessels into the Iguape Harbor, resulted in the deviation of approximately 

70% of the total water flow of Ribeira de Iguape River into the Cananéia-Iguape Complex 

[17]. This deeply modified the patterns of local sedimentation dynamics and its effects on the 

sedimentary features are continuous [17]. 

 

Finally, there is a worldwide current tendency of pacific uses of the nuclear energy for 

energetic purposes. The expansion of the Brazilian Nuclear Program will involve the 

installation of 50 new nuclear power plants. As the presence of radioactive contaminants is 

associated to the uranium production and consumption, it is evident the necessity for 

monitoring and remediation of further environmental impacts. 
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Figure 1: Cananéia-Iguape Estuarine Complex (SP, Brazil). Black circles represent the 

superficial sediment sampling sites. 

 

In this context, natural (
40

K, 
232

Th and 
238

U) and artificial (
137

Cs) radionuclides were 

measured through the means of high-resolution gamma spectrometry, a non-destructive 

technique in the Cananéia-Iguape Estuarine Complex to construct a spatial distribution 

model. To further explore the relationships of those radionuclides with the environment, it 

was analyzed their correlation with sedimentological parameters. 

 

 

2. MATERIALS AND METHODS 

 

 

2.1.  Sample collection and analysis 

 

Around 30 superficial sediment samples (0 to 2 cm layer) (Figure 1) were collected using a 

Van Veen grabber by the R.V. “Albacora”. These samples were frozen, lyophilized, weighted 

and transferred to plastic containers proper for gamma spectrometry analysis. 
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The radionuclides activities were assayed by means of high-resolution gamma spectrometry 

in a low-background gamma spectrometer (hyperpure Ge, model GMX50P, EGG ORTEC), 

with mean resolution of 1.90 keV for the 1332.35 keV 
60

Co photopeak, and coupled 

electronics. The method, described by [18], consists of detector calibration, determination of 

detector counting efficiency, background radiation assessment, and sample counting for 

50,000 s. The photopeaks used in the analysis were 609.31 keV for 
238

U, 661.67 keV for 
137

Cs, 911.32 keV for 
232

Th and 1460.75 keV for 
40

K. 

 

 

2.2.  Quality control 

 

The precision and the accuracy of the methodology were evaluated through the determination 

of radionuclides in four certified reference materials: IAEA-300 (sediment), IAEA-326 (soil), 

IAEA-327 (soil), and IAEA-375 (soil). The precision was checked using the relative standard 

deviation (RSD) and the accuracy, using the relative error (RE) of the data generated in these 

measurements. 

 

 

Table 1: Analysis of 
40

K, 
232

Th, 
235

U, 
238

U and 
137

Cs activities (in Bq kg
-1

) in standard 

reference materials. Quality control of the methodology through the evaluation of its 

precision and accuracy. 

 

Nuclide 
Reference 

material 

Certified 

activity (Bq 

kg
-1

)
a
 

Measured activity (Bq 

kg
-1

)
a
 

Precision 

(RSD) (%) 

Accuracy 

(RE) (%) 

40
K 

IAEA-300 1059.00 1129.00 ± 22.84 (n = 8) 2.02% 6.57% 

IAEA-326 580.00 592.98 ± 16.94 (n = 8) 2.94% 2.23% 

IAEA-327 621.00 623.94 ± 11.01 (n = 8) 1.77% 0.54% 

IAEA-375 417.00 402.86 ± 12.16 (n = 8) 3.02% 3.44% 

  Range: 1.77 - 3.02% 

232
Th 

IAEA-300 72.40 67.51 ± 3.20 (n = 8) 4.66% 6.79% 

IAEA-326 39.40 34.21 ± 1.83 (n = 8) 5.26% 13.19% 

IAEA-327 38.70 37.34 ± 1.72 (n = 8) 4.64% 3.48% 

IAEA-375 20.70 21.46 ± 0.70 (n = 8) 3.32% 3.71% 

  Range: 3.32 - 13.19% 

238
U 

IAEA-300 64.70 63.42 ± 1.26 (n = 8) 2.00% 2.00% 

IAEA-326 29.40 26.40 ± 0.64 (n = 8) 2.42% 10.16% 

IAEA-327 32.80 30.91 ± 0.97 (n = 8) 3.14% 5.8% 

IAEA-375 22.60 21.05 ± 0.62 (n = 8) 2.88% 6.90% 

  Range: 2.00 - 10.16% 

137
Cs 

IAEA-300 1066.60 1080.25 ± 7.22 (n = 8) 0.74% 1.31% 

IAEA-326 b
 

b
 

b
 

b
 

IAEA-327 24.90 24.31 ± 0.50 (n = 8) 2.06% 2.42% 

IAEA-375 5280.00 5304.91 ± 9.54 (n = 8) 0.18% 0.50% 

  Range: 0.18 - 2.42% 
a
 Activity values represented in the form mean ± standard deviation. 

b
 There is not a certified value for 

137
Cs. 
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The activity concentrations obtained for the radionuclides (Table 1) were very close to the 

certified values with relative standard deviation and relative error not exceeding 13% in both 

cases, showing good precision and accuracy, respectively. 

 

 

3. RESULTS AND DISCUSSION 

 

Table 2 presents the ranges of values of the radionuclides activities in the sediments of 

Cananéia-Iguape Complex. The levels of 
137

Cs are within the observed range for samples 

environmentally affected only by the fallout of past nuclear tests [13, 19-20]. Figure 2 

presents the maps of spatial distribution of radionuclides in the Cananéia-Iguape estuarine 

system. It can be seen that the higher activities are concentrated around the mouth of the Valo 

Grande Channel, which discharges large quantities of terrigenous materials in the Cananéia-

Iguape estuary. 

 

Table 2: Range of levels of radionuclides (in Bq kg
-1

) in sediments of the Cananéia-

Iguape Estuarine Complex (SP, Brazil). 

 

Nuclide Range of activity (Bq kg
-1

) 
40

K 107.61 - 573.84 
232

Th 11.11 - 73.65 
238

U 2.27 - 60.76 
137

Cs 0.23 - 3.49 
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Figure 2: Model of spatial distribution of radionuclides (in Bq kg
-1

) in marine 

sediments of the Cananéia-Iguape Estuarine Complex. 
 

To check the response of the radionuclides activities to the grain-size distribution and 

chemical composition of the sediments, the Pearson correlation coefficient was calculated 

between the radionuclides levels and the sedimentological parameters: percentage of total 

organic carbon (TOC) and percentage fine-grained sediments (Table 3). 

 

Table 3: Pearson correlation matrix (α = 0.05) of the radionuclides and sedimentological 

parameters in Cananéia-Iguape Estuarine Complex. 

 

 
40

K 
232

Th 
238

U 
137

Cs % TOC 
% fine 

sediments 
40

K 
 

0.000 0.000 0.000 0.009 0.008 
232

Th 0.901 
 

0.000 0.000 0.001 0.004 
238

U 0.836 0.872 
 

0.001 0.031 0.005 
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40

K 
232

Th 
238

U 
137

Cs % TOC 
% fine 

sediments 
137

Cs 0.844 0.763 0.642 
 

0.255 0.194 

% TOC 0.478 0.563 0.401 0.237 
 

0.044 

% fine 

sediment 
0.484 0.513 0.508 0.269 0.370 

 

 

Table 3 shows that there is a significant correlation between all radionuclides. The correlation 

between TOC and fine-grained sediments with all natural radionuclides is significant (p < 

0.05). 
137

Cs does not present significant correlation with TOC (p = 0.255) and fine-grained 

sediments (p = 0.194). This can be explained due to its different chemical behavior, as it is an 

alkali metal, with a tendency to remain dissolved in the water column stronger than 
232

Th and 
238

U (actinides). 

 

 

4. CONCLUSIONS  

 

From the results obtained in the present study a model of spatial distribution was made and 

from that a strong and significant correlation (p<0.05) between the levels of radionuclides 

and sedimentological parameters (grain size distribution and organic fraction) was found.  

 

 

With the collected samples, a model of spatial distribution was made and with it, it was found 

that strong and significant correlation (p < 0.05) between the levels of radionuclides and 

sedimentological parameters (grain size distribution and organic fraction). Moreover, the 

levels are within the expected range for a coastal system in the Southern Hemisphere, 

unaffected by major nuclear accidents such as the Chernobyl and Fukushima ones. 
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