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ABSTRACT 

 
GIS is a computational tool for improving the obtained data with spatial geographic information. An 

understanding of complex analysis by overlaying and integrating several types of information is possible. With 

GIS one can question, analyze, interpret and understand the data to reveal relationships, patterns and trends. In 

environmental monitoring, GIS have become indispensable to do the contextualization of the problem. The 

cartographic products generated by the application of these techniques allow the visualization of the 

environmental current situation, which may also contribute to the prediction of future problems. After accidents 

with Fukushima and Chernobyl nuclear power plants there is a crescent public fear intensified every time there 

are nuclear fuel cycle activities occurring. The absence of reliable information leads to unfounded rumors about 

the daily life and this can impact negatively on activity performed, mainly in situations related to power 

generation by nuclear route, notably known more by its harm effects than by the benefits. Faced with such 

controversial subjects, two main Brazilian uranium reserves (Caetité-BA and Santa Quitéria-CE) were studied. 

We performed ICP-MS analyzes for the U, Th and K determination in water and soil samples. The obtained data 

GIS tools were applied to survey topography and watershed where URA - Uranium Concentrate Unit of Nuclear 

Industries of Brazil - INB is inserted. Our aim was to identify the affluent hydrography found in the region and 

overlaps the radiological data, checking possible routes of contamination. The radionuclides concentration 

found in soil and water, in both regions, are within the limit set by the World Health Organization. In Santa 

Quitéria, once this URA is in pre-operational phase, no hydraulic connections were established. In the URA – 

Caetité, we observe that there is no hydraulic connection between the URA and the City of Caetité, so the 

Greenpeace affirmation about the radionuclide contamination caused by INB has no basis. 

 

1. INTRODUCTION 

 

After the accident in Chernobyl and, recently, Fukushima plants there is a growing fear of the 

public in the area of activities related to the nuclear fuel cycle. The absence of reliable 

information leads to unfounded rumors about the daily life and this can impact negatively on 

activity performed, mainly in situations related to power generation by nuclear route, notably 

known more by its harm effects than by the benefits. Despite the controversy, the demand for 
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nuclear power is growing. This year, 2013, several countries are building 65 new nuclear 

plants, other 160 are in the planning phase and 340 more are being proposed [1].  

The nuclear fuel cycle begins with the extraction of uranium ore, and Brazil, with only 25% 

of its territory prospected, is sixth in the world rankings in uranium reserves. The main ore 

reserves for the nuclear fuel are located in Bahia (BA) and Ceará (CE) States. Some Non-

Governmental Organizations (NGOs) such as Greenpeace [2] state that uranium mining in the 

in the unique site currently under exploration in Brazil is jeopardizing the environment, 

polluting water for inhabitants. However, Industrias Nucleares do Brasil (INB), the company 

in charge of the complex extraction and production of yellow cake, rejected these 

accusations. Faced with such controversial subjects, the regions of the main Brazilian 

uranium reserves (Caetité-BA and Santa Quitéria-CE) were under survey in this work. 

 

The URA- Uranium Concentrate Unit - Caetité began operating in 1999 by INB. The U 

district of Caetité have content and size of reserves sufficient to supply the Nuclear Central 

Almirante Álvaro Alberto (Angra I, II and III) for 100 years, [3,4]. Itataia Deposit 

(Phosphorus-Uranium District, P-U) is also a very important Brazilian U reserve, in the 

region of Santa Quitéria (CE) was discovered in 1975 by a radiometric survey [3]. Although 

it is the largest uranium reserve that the country has, its economic viability is dependent on 

the exploitation of phosphate associated. This means that the extraction of uranium is subject 

to the production of phosphoric acid - input used in the production of fertilizers.  

 

Regions of uranium mining should be assessed in all aspects for obtaining information on the 

chemical composition and concentration of radionuclides (U, Th and K) in water and soil, as 

well as the speciation of geological and hydrodynamic processes to avoid possible 

contamination that would affect the biotic site in irreparable damage. In this context, 

Geographic Information System (GIS) is an important tool for environmental radiological 

monitoring and control. GIS is a computational tool for improving the obtained data with 

spatial geographic information [5]. An understanding of complex analysis by overlaying and 

integrating several types of information is possible. In environmental monitoring, GIS have 

become indispensable to do the contextualization of the problem. The cartographic products 

generated by the application of these techniques allow the visualization of the environmental 

current situation, which may also contribute to the prediction of future problems. The spatial 

concentrations of U, Th and K provides a safe assessment of the mobilization of these natural 

radioactive elements, as well as being a form of acquisition of qualitative and quantitative 

information, so there is no erroneous information concerning anthropogenic activities, which 

may negatively impact on activity exercised, especially that mainly known more for harm 

than the benefits, as is the case of nuclear power generation. 

 

Keeping this in mind, we performed spectrometric analyzes for the U, Th and K 

determination in water and soil samples from both regions and compared the obtained results. 

Data GIS tools were applied to survey topography and watershed where URA-Caetité is 

inserted. Our goal was to identify the affluent hydrography found and overlap the radiological 

data, checking possible routes of contamination. 

 

2. MATERIALS AND METHODS 

2.1.  Sample Collection  
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The samples of soil and water were collected from various parts of the around both most 

important uranium reserves in Brazil: Uranium District of Lagoa Real and Itataia Deposit, in 

Bahia and Ceará States, respectively. For ease of nomenclature, it was used the name Caetité 

for first and Santa Quitéria for the second regions. Tables 1 and 2 describe the sites where 

they were collected. 

 

Table 1. Sites for sample collection in region of Caetité. 

 

Number Site 

C1 e C1a Soil from two sites in LR*. 

C1b Water from the cistern of a residence in LR 

C2 Soil from a road in LR. 

C3 e C4 Soil from two sites of Rebouças Farm in LR. 

C5 Well water from Rebouças Farm in LR. 

C6 Soil and water well from Boa Vista Farm in LR. 

C7 Soil from the road between LR and Caetité**. 

C8 Soil from a square in Caetité. 

C9 Water from a fountain in a square in Caetité. 

C10 Tile from an abandoned house in Caetité. 

C11 Soil and well water from a farm in the Pirajá village (Caetité). 

C12 Soil and well water from Boa Esperança Farm (Caetité). 

C13 Soil and well water from Cachoeiras Farm (Caetité). 

C14 Soil and well water from a farm in the Maniaçu village (Caetité). 

C15 Well water from a house in the Maniaçu village (Caetité). 

C16 Soil used for making pottery tiles in the Maniaçu village (Caetité). 

C17 Tile from a brick factory near the city of Caetité. 

C18 Tap water from a hotel in Caetité. 

*Municipality of Lagoa Real (LR); **Municipality of Caetité (Caetité).  

C14  is the nearest site to the URA – Caetité controlled area . 

 

Table 2 – Sites for sample collection in region of Santa Quitéria.  

Number Site 

S1 e S2 Well water and soil of residences from the Riacho das Pedras village in SQ*. 

S3 Tap water and soil from a snack bar in SQ. 

S4 Tap water from a hotel in SQ. 

S5 e S6 Well water and soil from residences from Bom Jardim Farm in SQ. 

S7 e S8 Tap water and soil from residences in Catunda Municipality. 

S9 Well water and soil from Bom Tempo village in SQ. 

*Municipality of Santa Quitéria (SQ) 

 

2.2. Methods of analysis 

 

The samples were analyzed using a quadrupole ICP-MS system (Perkin Elmer ELAN 6100), 

a highly sensitive mass spectrometry adequate to element determination at very low 

concentrations. To evaluate the review process and chemicals establish which can be used in 

interpreting the data, we performed a statistical comparison between the elemental 

concentrations, both real and theoretical material, using the certified reference material IAEA 

Soil-7 Soil Trace Elements in Soil. To certify the results, it was applied the method of 

triplicates, in which are made three measures of the same sample and then the mean and 

standard deviation are obtained. ICP-MS is regarded as a universal technique for analyzing 
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samples solid, liquid and gas and also can detect and separate the species in the presence of 

complex matrices, [6]. 

2.3. Geographic Information Systems (GIS) 

 

The Figure 1 was prepared using images of Shuttle Radar Topography Mission (SRTM) data, 

available at the Brazilian Agricultural Research Corporation (EMBRAPA) and digital 

cartographic of Atlas databases, available in the site of Brazilian National Institute for Space 

Research (INPE). The sites of sample collection were localized in the maps by Global 

Positioning System (GPS) and with the aid of SIG SPRING 5.2 (System for Georeferenced 

Information Processing) Program, developed by INPE, [7].  

  

For the digital modeling in GIS SPRING 5.2, we used the data obtained from the GPS, with 

operations category Numerical Model Land (NML) performing the extraction of drainage 

network through the operation of processes, with appropriate specializations (hypsometry) 

and with their class intervals, along with digitization of GPS points of the samples. As a 

complement to digital modeling, the digital files in the category theme (vector) such as roads 

and boundaries of municipalities were also inputted, as well as vectorization of the drainage 

network. 

 

3. RESULTS AND DISCUSSION 

 

By ICP-MS analysis it was possible to determine directly the concentrations of 
238

U, 
232

Th 

and 
39

K. 
40

K cannot be determined directly in the samples using ICP-MS because the argon 

atmosphere applied to obtain the plasma in the equipment. However, it is possible to 

determine the concentrations of 
39

K and, once the isotopic concentrations of potassium in 

nature is constant (being the relative percentages 93.26% to 
39

K and 0.0117% to 
40

K, [8]), it 

was possible to determine the concentration of 
40

K using (1).    

           
3940

26,93

0117,0
KK CC 

                                               (1) 

  

CK39 and CK40 are the concentrations of 
39

K and 
40

K, respectively. The concentrations of 
238

U, 
232

Th, 
39

K and 
40

K found in samples and their respective uncertainties are presented in Tables 

3 and 4 for water, and Tables 5 and 6 for soil, from Caetité and Santa Quitéria regions, 

respectively.  

 

Table 3 – 
238

U, 
232

Th and 
40

K concentrations (in ppb) for water from Caetité. 

 

Samples 
238

U × 10
-3 

(
232

Th × 10
-3

)
 
± 0,5

 39
K × 10

3 40
K 

 

C1b 3.0 ± 0.7 ≤ 2.0 2.6 ± 0.9 0.33±0.11 

C5 (24±6) × 10
3
 ≤ 2.0 18 ± 6 2.3±0.8 

C6 (12±3) × 10
3
 ≤ 2.0 7.0 ± 2.4 0.9±0.3 

C9 3.0±0.7 ≤ 2.0 7.1 ± 2.5 0.9±0.3 

C11 3.0±0.7 ≤ 2.0 0.42 ± 0.15 0.053±0.018 

C12 3.0±0.7 ≤ 2.0 0.070 ± 0.024 0.009±0.003 

C13 26±6 ≤ 2.0 15.5 ± 5.4 1.94±0.68 

C14 6.0±1.5 ≤ 2.0 0.9 ± 0.3 0.11±0.04 

C15 (0.26±0.06) × 10
3
 ≤ 2.0 2.2 ± 0.8 0.276±0.097 

C18 (0.74±0.18) × 10
3
 ≤ 2.0 1.5 ± 0.5 0.188±0.066 
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Table 4 – 
238

U, 
232

Th and 
40

K concentrations (in ppb) for water from Santa Quitéria. 
 

Samples 
238

U × 10
-3 

(
232

Th × 10
-3

)
 
± 0,5

 39
K × 10

3 40
K

 

S1 3.0±0.7 ≤ 2.0 4.9±1.7 0.62±0.22 

S2 3.0±0.7 ≤ 2.0 4.6±1.6 0.58±0.20 

S3 9.0±2.3 ≤ 2.0 5.1±1.8 0.64±0.22 

S4 3.0±0.7 ≤ 2.0 5.6±2.0 0.70±0.25 

S5 3.0±0.7 ≤ 2.0 1.2±0.4 0.150±0.053 

S6 3.0±0.7 ≤ 2.0 1.6±0.6 0.20±0.07 

S7 87±21 ≤ 2.0 4.9±1.7 0.61±0.22 

S8 102±25 ≤ 2.0 6.0±2.1 0.75±0.26 

S9 272±68 ≤ 2.0 5.1±1.8 0.64±0.22 

 

Table 5 – 
238

U, 
232

Th and 
40

K concentrations (in ppb) for soil from Caetité. 

 

Samples 
238

U(ppb) 
232

Th(ppb) 
39

K (ppb)
 40

K  × 10
-5

(ppb)
 

C1a 0.79±0.12 30±4 0.74±0.19 9.3±2.3 

C1 1.15±0.17 31±5 0.28±0.07 3.5±0.9 

C2 0.35±0.05 20±3 0.60±0.15 7.5±1.9 

C3 0.62±0.09 59±9 1.02±0.26 12.8±3.2 

C4 2.3±0.3 94±14 0.99±0.25 12.4±3.1 

C6 0.49±0.07 5.5±0.8 0.35±0.09 4.4±1.1 

C7 0.81±0.12 33±5 0.83±0.21 10.4±2.6 

C8 0.84±0.13 30±5 0.82±0.20 10.3±2.6 

C10 1.03±0.15 45±7 0.85±0.21 10.7±2.7 

C11 0.067±0.010 13.0±2.0 1.02±0.25 12.8±3.2 

C12 0.079±0.012 16.8±2.5 0.98±0.25 12.3±3.1 

C13 0.29±0.04 37±6 0.87±0.22 10.9±2.7 

C14 0.50±0.08 22±3 0.77±0.20 9.7±2.4 

C16 2.1±0.3 7.8±1.2 0.49±0.12 6.1±1.5 

C17 0.69±0.10 6.0±0.9 0.58±0.15 7.3±1.8 

 

Table 6 – 
238

U, 
232

Th and 
40

K concentrations (in ppb) for soil from Santa Quitéria. 

 

The majority of the water samples is chosen from artesian wells, since most communities do 

not have another water source for everyday use. In water samples, Th-232 was almost never 

observed in both regions. The values of 40K and 238U varied from point to point, however 

Samples 
238

U 
232

Th 
39

K  
 40

K  × 10
-5 

S1 0.56±0.08 12.3±1.8 0.077±0.019 0.97±0.24 

S2 0.76±0.11 (2.0±0.3) × 10
-3 

0.061±0.015 0.77±0.19 

S3 0.61±0.09 (2.0±0.3) × 10
-3 

0.102±0.026 1.28±0.32 

S4 0.43±0.06 6.7±1.0 0.073±0.018 0.92±0.23 

S5 2.10±0.31 (2.0±0,3) × 10
-3 

0.077±0.019 0.97±0.24 

S6 0.86±0.13 14.0±2.1 0.072±0.018 0.90±0.22 

S7 0.55±0.08 (2.0±0,3) × 10
-3 

0.103±0.026 1.29±0.32 

S8 1.28±0.19 2.7±0.4 0.083±0.021 1.04±0.26 

S9 0.15±0.02 6.7±1.0 0.089±0.022 1.12±0.28 
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there is no significant differences in the concentration of these radionuclides in the water 

samples from the two regions. 

 

There is no limitation for the concentration of radioisotopes naturally occurring in the soil. It 

is estimated that the average concentration of uranium in the soil is about 2 mg/kg [9]. 

According to Camargo et al. [10], the values of the indicated concentrations in the soil by 

NASC (North American Shale Composite) is 2.7 ppm to 
238

U and 12 ppm to 
232

Th. In 

comparison to the concentrations determined in the samples of this study, shown in Tables 5 

and 6, it is found that are all below the NASC values. The highest concentrations are related 

to radioisotopes 
232

Th and 
40

K, which may occur due to the use of fertilizers in farming of 

these regions. 

 

Comparing the results from the region where the activities in mining and processing of U are 

performed, Caetité, to results from the region where these activities have not yet started, 

Santa Quitéria, one can see that the concentration of radionuclides in soil and water samples 

do not differ significantly, so we may say they are independent of ore exploitation. 

 

Focusing only in water contamination, the 
238

U limit recommended by the World Health 

Organization (WHO) for drinking water is currently 30 ppb, [9]. In Brazil, the National 

Council for the Environment (CONAMA) [11], in its resolution 396/08, establishes the limit 

of 15 ppb for groundwater and 20 ppb for freshwater. Therefore, analyzing the data collected 

in the water from Caetité and Santa Quitéria, Tables 3 and 4, it is clear that the concentrations 

of 
238

U determined in all samples are below both limits of CONAMA [11] and recommended 

by WHO [9], with the sole exception of point C5. C5 is located on a farm in the rural 

municipality of Lagoa Real and has the highest concentration of uranium is (24 ± 6 ppb), 

which despite being lower than recommended by the WHO, is higher than that stated by 

CONAMA. This is in the same region of water collection made by Greenpeace [2], where 

they determined a high concentration of 
238

U in water. Greenpeace stated that this high 

concentration would be from the contamination caused activities performed by INB in the 

URA-Caetité [2]. 

 

Despite the major human activities that release uranium are being held in the URA-Caetité 

and that the mining plant consumes a considerable amount of water for its operation, if its 

management is appropriate, it will not be harmful to groundwater and soil from region, 

therefore, will not cause environmental impacts that jeopardize the local ecosystem. 

However, if it is not being done properly can cause contamination of the environment. 

Therefore, we chose to evaluate the potential for contamination by proximity to this well-

URA Caetité conducting an altimetry survey of the region with the watersheds involved. 

 

Figure 1 shows the altimetry map of the region around of URA-Caetité with its watershed 

and locations of sample collection. The Caetité massive is located in the southern portion of 

the São Francisco Craton, east of the Espinhaço Mountain. The municipality has relief with 

elevations ranging 850-1050 meters, which enabled a setting geomorphology with a 

watershed of the São Francisco River basin and Contas River basin, and its boundary defined 

by topography in the North - South. With the mapping of the area and the IBGE data [12], it 

was found that the drainage system of the Eastern part of the relief of the city belongs to the 

catchment of the Contas River. On the westbound side of the relief, the drainage system 

belongs to the São Francisco River. 
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Figure. 1. Geografic Location for sample collecting points in Caetité. 

 

Samples collected in Caetité, C11 and C12 are located between 850-950 m of altitude, in the 

relief planning in the São Francisco basin, while the samples of C8 to C18 have the same 

altitudes (ranging 850-950 meters), but are under the influence of Contas River basin. The 

remaining samples C1 to C7 form the drainage system of the Contas River basin, in the 

intervals 450-550 m, the exception of sample C7 which is situated at an altitude 750-850 m. 

 

The samples that had the highest concentrations of uranium are the C5 and C6 from artesian 

wells in the Riacho Fundo river drainage in Lagoa Real - BA, located at a mean elevation of 

515 m altitude. In topographic profile, the URA-Caetité is in altimetry of 900 m, and the 

sampling points C1 to C6 are at a distance of 35 km, the common gap of 385 meters. 

 

The river passing through the URA-Caetité is the Córrego Cachoeira, a temporary stream 

tributary to the Riacho Fundo River. On the other hand, point C5 is part of the Contas River 

basin. Therefore, one can say that the URA-Caetité and point C5, location of the well with 

the highest concentration of U-238, are located in different watersheds, Contas and San 

Francisco basins. Figure 1 also shows that these basins are separated by an important 

watershed (altitude with a relief ranging from 1150 to 1250 m). 

 

In analyzing the potential for contamination of this well by carrying out activities in the 

mining and processing of uranium near the URA-Caetité, it is concluded that it is very 

remote. These waters drain towards the URA W-NW to L-SE, while the waters of the 

Maniaçú and Caetité basins drain towards NE to SW. To contaminated water from URA-

Caetité reaches the Maniaçú community region, where the collection point C5 is located, they 
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would have to cross this divide altimetry. So there is no hydraulic connection between the 

URA-Caetité and town of Maniaçú or even the city of Caetité where there is the greatest 

concentration of the population in this region. 

 

 

4. CONCLUSION 

 

The presence of radionuclides in soil and water samples are independent of ore exploitation 

(U-238), since all points of the uranium regions of Caetité and Santa Quitéria have 

concentrations very similar. Just a point of collecting water in Caetité had higher 

concentration, however, below the limits recommended by WHO.  

Another important factor is that the water basin of the URA-Caetité drain towards different 

water basin of Maniaçú village and the town of Caetité. To the contaminated water from 

URA-Caetité reaches the community Maniaçú it would have to go through a splitter 

altimetry. So there is no hydraulic connection between the URA-Caetité and village of 

Maniaçú or the municipality Caetité. Thus one cannot say that mining is causing major 

damage to the population of Caetité. 
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