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ABSTRACT 

 
Levels of natural radioactivity are the major cause of external exposure to gamma radiation. Thus, the 

determination of activity concentration of primordial radionuclides, such as 
238

U and 
232

Th, in soils, sand and 

rock is of basic importance to estimate the radiation levels to which man is directly or indirectly exposed. In 

order to study the process of specific activity of 
238

U and 
232

Th, beaches sands samples were collected from 

eight different locations in extreme south of Bahia state from Brazil. The samples have been analyzed by 

instrumental neutron activation analyses and for determination of thorium concentrations and delayed neutrons 

analysis for determination of uranium. The mean specific activity for 
238

U and 
232

Th was higher in 

Cumuruxatiba than in others locations studied. Alcobaça and Caraíva also presented high values. The 

concentrations of these radionuclides were compared with typical world values and Cumuruxatiba have specific 

activity higher than the others locations, 2,984 Bq/kg maximum value for 
238

U and 1,8450 Bq/kg maximum 

value for 
232

Th and activity concentrations in Cumuruxatiba are higher in black sand than in no black sand, 

suggesting presence of monazite.   

 

 

1. INTRODUCTION 

 

Human beings have always been exposed to natural radiation, which is mainly due to the 

activity concentration of primordial radionuclides 
238

U(
226

Ra) series, 
232

Th series and 
40

K that 

present in the earth’s crust, in building materials and in air, water and foods and in the human 

body itself [1]. As these radionuclides are not uniformly distributed, the knowledge of their 

distribution in soil, sand and rock play an important role in radiation protection and 

measurement.  

 

Radionuclides are classified into four groups according to their origins: (1) cosmic-ray 

produced nuclides (such as 
7
Be and 

14
C); (2) artificially-produced nuclides (such as 

137
Cs and 

90
Sr); (3) primordial isotopes (such as 

238
U and 

40
K); and (4) natural decay products (such as 
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226
Ra and 

222
Rn). The three naturally occurring radioactive decay chains include the 

238
U, 

235
U, and 

232
Th, which decay through a series of radioactive elements up to stable Pb isotopes 

[2]. 

 

In Brazil there are about 15,000 miners employed in thorium mining. Their work consists of 

two activities: - the monazite mining and its processing in order to obtain rare earths chloride 

and thorium as a by-product, - and the mining and processing of other minerals with Th and 

U associated to the crystal structure. This processing transforms these radionuclides and 

daughters into products, by-products or waste [3]. 

 

The higher concentrations these radionuclides in the earth’s crust occur in minerals, such as 

monazite and zircons [4]. Some Brazilian beaches present high radiation due to the presence 

of monazite sand. Guarapari in the coast of Espírito Santo state is a well-known example. 

Which correspond, between 0.4 and 0.9 µSv per hour, to 20-30 times the non-elevated natural 

background [2]. Research at these places is of interest because monazite sand is considered 

an important geological material that may contain 0.1-0.3% uranium and 5-7% thorium, the 

main elements used in nuclear power plants [5]. 

 

Along of the coasts of Espírito Santo and Rio de Janeiro states are the mains sedimentary 

deposits of radioactive heavy minerals. The rare earth phosphates with 4-6% of thorium 

impurities (monazite) are important and great heavy minerals herein places [2]. However, 

Cumuruxatiba in Bahia state is a place that has a large amount of monazite sand (4,500T). 

 

The present work investigates the concentrations of radioisotopes such as 
232

Th and 
238

U, in 

beach sand samples from extreme south Bahia state, an area in Brazil not so much studied. 

We applied instrumental neutron activation analyses (INAA) for determination of thorium 

concentrations and delayed neutrons analysis (DNA) for determination of uranium in samples 

beach sands. 

 

 

2. MATERIALS AND METHODS 

 

Beach sand samples were collected in the Porto Seguro (16°26'S 39°03'W), Arraial D’Ajuda 

(16°29'S 39°04'W), Trancoso (16°35'S 39°05'W), Caraíva (16°48'S 39°08'W), Cumuruxatiba 

(17°20'S 39°13'W), Prado (17°20'S 39°13'W), Alcobaça (17°33'S 39°11'W),  and Caravelas 

(17°43'S 39°10'W),  on May, 2008(1
st
 samples) and January, 2009(2

nd
 samples).  The samples 

were collected at a depth of 10cm. Each sample was obtained from three sub-samples 

collected from an area corresponding to 1 m
2
 and were homogenized in situ, and this sand 

mixture, weighing approximately 0.5kg, was considered representative of the profile. Figure 

1 shows the region studied.  

 

The samples were dried for about 48 h in an oven at 60°C and irradiated with flux of neutrons 

of 1.8 x 10
11

 n/cm
2
/s for DNA, using TRIGA IPR-R1 reactor installed at Centro de 

Desenvolvimento da Tecnologia Nuclear/Comissão Nacional de Energia Nuclear, Belo 

Horizonte in Brazil and was followed a methodology of analysis itself. The reactor TRIGA 

MARK I IPR-RI is equipped with three facilities for irradiation: the rotary specimen rack 

outside the core, a central thimble and a pneumatic tube transfer system. The rotary rack 

facility at 100 kW is often used for irradiating routine samples because it is able to irradiate 

40 samples in the lower layer and 40 more in the upper one simultaneously. 
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Figure 1.  Map showing the region extreme south 

of Bahia state in Brazil and its geographic 

location. The numbers (1-8) indicate the location 

of the beaches studied. 

 

 

 

2.1. Instrumental Neutron Activation Analyses 

 

INAA is a very accurate method for analysis of solid samples. It has also been widely used 

for thorium concentrations studies. In INAA, samples are bombarded with thermal neutrons 

causing isotopes of a range of elements to become radioactive by capture of one extra 

neutron. These radioisotopes are recognized by the characteristic energy of the gamma ray(s) 

emitted as they decay with specific half-lives. The concentrations of particular elements are 

determined by measuring the area of the photon-peaks [6]. During neutron activation 
232

Th 

undergo the following nuclear reaction: 

 

²³²Th(n,γ) ²³³Th
¯β

→²³³Pa              . (1) 

 

 

 The gamma rays emitted subsequently were measured, with a coaxial high-purity germanium 

(HPGe) detector Canberra coupled the multichannel 4096 pulse height analyzer and a 

software Genie 2000 – Gamma Acquisition &Analysis. The well-resolved and prominent 
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gamma ray peaks at 311.8 keV from the decay of 
233

Pa (t½=27.0 d) were used for the 

analysis. 

The major downside of the INAA technique is the need to have a nuclear reactor and, in 

addition, analysis time for thorium is in the order of several weeks making it unrealistic in a 

production situation [6]. The determination through 
233

Th is rarely applied due to the 

background interference and number of samples [3]. 

 

2.2. Delayed Neutrons Analysis 

 

The DNA is a method which can be used extensively and routinely for the determination of 

U. It is differs, in general, of the INAA because measurement the delayed neutrons flux. 

Therefore, the DNA is a method almost exclusive of fission nuclides.  

 

After U absorbs a neutron, two significant mechanisms enable the excited nucleus to liberate 

its newly-found energy. The first mechanism is its de-excitation to the ground-state by 

gamma ray emission, and the second is fission that results in the immediate release of two to 

three neutrons on average. Figure 2, shows the illustration this process. 

 

 

 

 
 

Figure 2.  Illustration of the process of fission by 

uranium nuclide followed by the emission of 

neutrons and fission product. 

 

 

 

While over 99% of these fission neutrons are prompt (emitted on the order of 10-13 seconds 

after fission), a small fraction are delayed neutrons that are released on the order of 

milliseconds to seconds after the subsequent decay of the daughter products generated from 

the beta-decay of the neutron-rich fission fragments. These fission fragments are known as 

delayed neutron precursors. 
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The sample is sent to the irradiation channel by means of a pneumatic fast transfer system. 

The usual irradiation time is 50 seconds, decay time of 30 seconds and measurement time of 

40 seconds. It means that while one sample is being irradiated, other is waiting and another 

one is counted. The delayed neutrons are counted in a device comprising BF3 detectors in a 

moderator of paraffin [7]. 

 

When irradiating a sample with a natural uranium isotopic composition, the number of fission 

and, consequently, the number of fission-delayed neutrons is proportional to the amount of 

uranium in the sample. Therefore, the uranium total concentration is calculated basing on the 
235

U count. The linear regression is used for the calculations. The complete system irradiates, 

measures and calculates the results automatically [7]. 

 

 

 

3. RESULTS AND DISCUSSIONS 

 

The specific activities of 
232

Th and 
238

U in beach sand in 1
st
 and 2

nd
 samples are presented in 

Table 1. Cumuruxatiba
1
 was used to represent non black sand and Cumuruxatiba

2
  was used 

to represent black sand.  

 

As shown in Table 1, the natural radionuclides concentrations in sand’s beaches from 

different locations are some different. The U and Th specific activities in sands collected 

from Cumuruxatiba
1
, Cumuruxatiba

2
 and Alcobaça are higher than from other locations. This 

phenomenon is caused in Cumuruxatiba because is a place which has a large amount of 

monazite sand. The concentrations in Cumuruxatiba are higher in black sand than in no black 

sand. 

 

The lowest concentrations of uranium were observed in Arraial D’Ajuda, Prado and Porto 

Seguro (12 Bq/kg) and the highest concentrations was seen in Cumuruxatiba
2
 (2984 and 2935 

Bq/kg). Similarly, the lowest (21 Bq/kg) and the highest (18450 and 17630 Bq/kg) levels of 
232

Th were found in Porto Seguro and Cumuruxatiba respectively.  

 

 

Table 1.  Mean values of U and Th specific activities (Bq/kg) obtained from superficial 

sand beaches samples using INAA and DNA methods. 

 

 

 

 1
st
 Samples 2

nd
 Samples 

Location U Th U Th 

Arraial D’Ajuda 12 41 12 41 

Prado 12 26 12 29 

Alcobaça 86 406 86 357 

Porto Seguro 12 21 12 29 

Trancoso 25 168 12 37 

Caraíva 49 295 49 238 

Caravelas 12 30 25 45 

Cumuruxatiba
1
 281 1435 281 1230 

Cumuruxatiba
2
 2984 18450 2935 17630 
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In Figure 3, shows the comparison between the activity and median values in soil [1]. The 

dotted line and black line represent the median values in soil of 
232

Th and 
238

U respectively. 

The specific activities of thorium in samples collected from Arraial D’Ajuda, Acobaça, 

Tancoso, Caraíva, Caravelas and Cumuruxatiba are higher than the corresponding typical 

world value which is 30 Bq/kg
 
[1]. The specific activities of uranium in Arraial D’Ajuda, 

Prado, Porto Seguro, Trancoso and Caravelas are lesser than the typical world value which is 

35 Bq/kg. Thus, the others locations have activities higher. 

 

 

 

 
 

 

 

Figure 3. Comparison between the specific 

activities and median values for Th and U. 

 

 

 

The specific activities ratio (
232

Th/
238

U) in sand samples varied from 1.68 to 6.87 with a mean 

(±SD) value of 3.94±1.66. A correlation exists between 
232

Th and 
238

U in beach sand samples 

(R
2
=0.99), which shows that the sample population is dominated by Th and U bearing 

minerals (Figure 4). This indicates the presence of significant amounts of monazites and 

Zicorn sands in beach sand samples [4]. 

 

 

In table 2 the activity concentrations of 
238

U and 
232

Th were found to be within the average 

values as reported in the literature. Guarapari, Ullal and Orissa are well-known for their areas 

high background radiation. Thus, the presented work shows high concentrations these 

radioisotopes in Cumuruxatiba. 
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Figure 4. Correlation between activity 

concentrations of 
232

Th and 
238

U in bulk sand 

samples. 

 

 

 

Table 2.  The average concentrations of natural radionuclides in soil samples (in Bq/Kg) 

from different parts of the world. 

 

 

 

Location 
238

U 
232

Th References 

Orissa, India 350 2,825 [4] 

Manisa, Turkey 29 27 [8] 

Rizhao,China - 15.2 [9] 

Ilha Grande, Brazil 121; 39 239; 48 [5] 

Porto Seguro, Brazil - 1,735 [10] 

Guarapari, Brazil - 55,537 [10] 

Ullal, India 546 2,971 [11] 
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Cumuruxatiba, Brazil 2,960 18,040 Present work 

 

 

 

4. CONCLUSIONS  

 

This study has presented the results of measuring the activity concentrations due to 
232

Th and 
238

U for beach sands samples from eight different locations. The obtained results indicated 

that samples from Cumuruxatiba have activity concentrations higher than the others locations 

and concentrations in Cumuruxatiba are higher in black sand than in no black sand.  Alcobaça 

also have high activity concentration. In general, Arraial D’Ajuda, Acobaça, Tancoso, 

Caraíva, Caravelas and Cumuruxatiba have higher activity concentrations of 
232

Th than the 

corresponding typical world value that is 35 Bq/kg and Caraíva, Alcobaça and Cumuruxatiba 

have higher activity concentrations of 
238

U than the corresponding typical world that is 30 

Bq/kg. We suggest which Cumuruxatiba may be compared with other high background 

radiation area, such as Guarapari in state of Espírito Santo from Brazil. 
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