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 ABSTRACT  
The uranium and thorium, precursors of the main natural radioactive series, have different concentrations in the 
Earth's crust. The ratio Th/U has been used as an indicator of oxidizing and reducing conditions, whose factors 
suggest availability of uranium to displacement in the environment and incorporations in different matrices. This 
parameter become essential to determine possible conditions of availability by the chemical form and 
incorporation in the food chain. The state of Paraiba, in northeastern Brazil, has a uranium deposits located in 
São José de Espinharas, where there are agricultural practices in areas surrounding the deposit of natural 
uranium. The Environmental Monitoring Program and Radioecological, making it an area that offers all the 
features for research mobility of uranium, chemical form and availability of incorporation, in addition to 
understanding the kinetics and transport of this natural radionuclide in the environment. Soil samples were 
collected from agricultural areas, close to the uraniferous occurrences where the samples were analyzed in the 
Laboratório de Radioecologia e Controle Ambiental (LARCA) of the Departamento de Energia Nuclear at the 
Universidade Federal de Pernambuco (UFPE) by High Resolution Gamma Spectrometry, obtaining the 
experimental activities of 238U and 232Th using indirect gamma measures. The obtained findings show that the 
ratio Th/U varied from 0.11 to 1.33, with an average of 0.69.  
 

1. INTRODUCTION  
The mobility of radionuclides will be dependent on the physic-chemical conditions available. 
However, with time, deposited radionuclides will be subject to transformation processes (e.g., 
weathering and incorporation in soils). Uranium is widely distributed in nature and it occurs 
in most rocks in concentrations of 2 - 4 mg kg-1. In the environment, the mobility of uranium 
is closely related to environmental redox conditions. In an oxidant environment, uranium has 
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+VI valence (UO22+), which is the most stable and mobile form, because of its tendency to 
form uranyl complexes, particularly with carbonates and phosphates. In anaerobic conditions, 
it may be reduced to the +IV state in U(OH)4 and U(OH)3 or react with a sulphide. The higher 
mobility of 238U is therefore dictated by the Eh-pH conditions and its leaching down the 
profiles is favored by high infiltration rates [1, 2]. 
 
Soil is a major sink for most long-lived radionuclides. Hence, the association of radionuclides 
with soil components will influence their subsequent transfer to other compartments of the 
ecosystem, and thereby their mobility in soils and availability for biological uptake by 
vegetation. 
 
238U and 232Th series commonly occur together in nature, thus in most natural systems there is 
a relatively constant 232Th/238U mass ratio [3]. Activity ratios between parent/parent can be 
applied to assess maintenance of the initial proportionality between 232Th and 238U decay 
series. This ratio value indicate a general strong disequilibrium in the 238U chain and 
especially at upper and deeper soil layers. This could be due to large differences in mobility 
of these radionuclides [4, 5]. Thorium is practically insoluble, mainly if the environment has 
organic matter and sulfates [6]. Thus in the studied profiles, 238U is intensively leached from 
the soil surface and it is transferred to deeper soil sections where it accumulates.  
 
The abundances of thorium and uranium normally increase from the basic to the acidic rocks. 
The ratio Th/U has been used as an indicator of oxidizing and reducing conditions: values 
Th/U below than 2 suggest that the uranium is disposed in the concentrated form (in 
abundance when compared to the thorium). In reducing conditions, Th/U values higher than 7 
suggest a uranium removal, possibly due to the lixiviation [7]. 
 
Several analytical methods, including, alpha spectrometry, liquid scintillation and mass 
spectrometry, are traditionally used for the determination of low levels of natural 
radionuclides, but with additional costs and laborious chemical processes in the preparation 
of samples [8]. Alternatively, is used the gamma spectrometry, that is a popular 
radioanalytical technique and used for qualification and quantification of radionuclides, 
particularly in environmental samples in which the radioactivity is generally low [9]. 
 
In order to assess the mobility and potential availability of uranium in soils from Paraiba, 
Brazil, was studied the ratio Th/U utilizing the analyses of the 238U and 232Th activities by 
High Resolution Gamma Spectrometry in soil samples. 
 
 

2. MATERIALS AND METHODS  
2.1. Study area  
The study area is located in the municipality of São José de Espinharas, Paraiba, Brazil. It is 
located at an altitude of 210 meters in the coordinate 6o50’49’’S and 37o19’33’’W. Fig. 1 
shows that highlight region. 
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  Figure 1. Location of the municipality of São José de Espinharas, Paraiba.  
 

The choice of the city was given for presenting a major uranium deposits in Brazil, 
discovered in exploration studies conducted between 1952 and 1982, according uranium 
distribution map in Brazil [10]. The mineral deposit is located on the outskirts of the city of 
São José de Espinharas, with an average content of 1200 mg kg-1 of U3O8 and an estimated 
total of 12 tons of ore. 
 
 
2.2. Sample collection and preparation  
Samples were collected taking as reference base, the rocky outcrops distributed in the area 
under the influence of uranium deposit, guided by local radiometric survey conducted by 
[11]. According to the soil sampling standard, in the 6300 section of CETESB-GTZ Project 
(Environmental Company of the State of São Paulo), a random distribution scheme was used, 
where it is assumed irregular distribution of anomalous zones, which do not take into account 
the continuity and spatial correlation between the soil properties. Thus, two points can be 
located very close and it is not taken account the position of any other sample point [12]. 
 
Each outcrop was considered as a research point, resulting in 62 outcrops investigated, of 
which 10 samples per outcrop were collected (see Fig. 2). They were discarded the weathered 
surfaces collecting them with sledgehammer and chisel. After collection, were placed the 
samples in plastic bags and taken to the Mineral Technology Laboratory (LTM) of UFPE for 
the preparation and subsequent spectrometric analysis.  
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  Figure 2. Sampling sites.  
 
For the treatment of the rock samples, the reduction of the material was performed, following 
the steps of crushing and re-crushing in crushing jaws large (28 x 32 of Denver) and small 
(Re-crusher jaws 8 x 8 of Nozzle Inc. Braun Chipmunk VD67). It was used a roller mills 10 x 
6 (Deco - Denver, crushing B7141A) with subsequent pulverization on disk mill (Inc. 
Pulverizer Type Burbank Calif UA), yielding the final granulometric fraction below 63 µm, 
where the radionuclides would be preferably present. After granulometric reduction, the 
samples were individually homogenized, obtaining aliquots of 250 g. It were then packed in 
hermetically sealed polyethylene containers (EMB 100SL INPLAVEL NAT 200 ml) and 
stored for 40 day, time to ensure secular equilibrium between 226Ra and their children short 
half-life.  
 
 
2.3. Measurement system and activity calculation  
The analyses were done in the Departamento de Energia Nuclear of the Universidade Federal  
de Pernambuco, utilizing an experimental arrangement made by a High Resolution Gamma 
Spectrometry HPGe-Be Canberra®, with active volume of 41.1 cm3. The detector presents 
resolution of 1.77 keV for the energy of 1.332 keV of Co-60, nominal efficiency of 27.7% 
and is attached to a model 2002 CSL MCA pre amplifier, with 8 k channels and software 
Genie®-2000 Canberra®. 
 
For the calculation of the 238U and 232Th specific activities is required to construct the 
detector efficiency curve. To build this curve were used the procedure of the International 
Atomic Energy Agency, TECDOC 619 [13] and using the equation 1 [14]. These 
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radionuclides have ample well defined energy spectrum, allowing to obtain a good counting 
statistics, and therefore, good correction of the efficiency curves. 
 mtINA Ei  /      (1) 
 
where: A represents the specific activity determined for the radionuclide considered (Bq kg-1); 
the NEi total liquid area of the interest photopeak; ԑ the energy counting efficiency (ԑ ≤ 1); t 
the counting time (s); Iγ the radionuclide gamma abundance (Iγ ≤ 1); and m the mass of the 
analyzed sample (kg). 
 
 

3. RESULTS AND DISCUSSION   
3.1 Energy efficiency curve   
Radioactive standards were prepared using the same matrix and considered with low 
radiation. The samples were doped with liquid radioactive sources of 241Am, 133Ba and 152I, 
certified by the Institute of Radiation Protection and Dosimetry. After the doping, matrices 
containing radioactive standards were dried at 40 ° C, homogenized and packed separately in 
sealed polyethylene containers. Figure 3 shows the adjustment model adopted to define the 
energy efficiencies to quantify the 232Th and 238U. 

   Figure 3. Energy efficiency curve.  
 

The fit and modeling, allowed to obtain the equation 2, used to determine the energy 
efficiency of qualified terrestrial radionuclides. 
 

))(4(2 22
0 wxxwAy c      (2) 
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where: ԑ is the energy efficiency to be determined; x is the gamma transition energy of 
interest; and y0, π, A, w and xc are the adjustment parameters, whose values are shown in 
Figure 3. 

 
 

3.2 Th/U ratio study   
It can be seen in Figure 4 the graphical analysis of the Th/U ratio to 55 outcrops analyzed 
comparing individual values with the arithmetic average for the sample set. In the graph were 
only shown 55 points, given that the content obtained for the other 7 points was less than the 
detection limit. 

 Figure 4. Calculation of Th/U to the rocky outcrops.  
In this case, the Th/U ratio has a range from 0.11 to 1.33, with an average of 0.69. All values 
were characterized as less than 2, which suggests that the uranium is arranged in concentrated 
form. 
 
 
3.3 Statistical analysis of the results   
To study the behavior of the obtained data, it was used the nonparametric Kolmogorov-
Smirnov (KS) test, that can be used to compare a sample with a reference probability 
distribution to study the data normality. Figure 5 shows the frequency distributions for the 
ratio Th/U and the normality test. Box and whisker graphic was used, thus showing the 
extreme values, upper and lower quartiles, the median and the average of the data set 
represented. 
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 Figure 5. Histogram of frequencies for Th / U.  
The value of the arithmetic average and the median shown in the box and whisker chart 
suggest a homogeneous distribution of the ratio Th/U in the rocky outcrops studied. This was 
verified with the normality test, obtaining a significant value (two-tailed) for n=55 of 0.41 
(significant value greater than 0.05), thus, the distribution ratio Th/U resembles to a normal 
distribution. 

 
 

4. CONCLUSIONS   
The specific activities of 238U and 232Th were analyzed in 62 rock samples. According to the 
study of the ratio Th/U was possible to conclude that most of the uranium is present in 
concentrated form. 
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