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ABSTRACT 
 

The economic growing in Brazil is responsible for an urgent demand for energy. Uranium is the fuel used to 

generate nuclear power. Brazil has the sixth largest reserve of the uranium ore in the world and, nowadays there 

is only one mine under exploration (Uraniferous District of Lagoa Real – Caitité-BA). Some Non-

Governmental Organizations (NGOs), such as Greenpeace, state that the explored uranium mine is dangerous 

and polluting, causing water contamination by uranium. So, the population would be receiving radiation doses 

above permissible limits. However, Indústrias Nucleares do Brasil (INB) the company in charge of the complex 

extraction and production of yellow cake rejected these accusations. The main purpose of this work is the 

determination of the composition of natural radionuclides in the Uraniferous District of Lagoa Real in order to 

determine if the nearest population is exposed to environmental radiation. It was checked if there is water 

contamination due to the natural transport in the uranium mining surroundings. Soil and water samples from 

Caitité mine and also from nearby town were collected. Only one water sample collected had concentrations 

higher than the limits recommended by World Health Organization. The presence of radionuclides in soil 

samples is considered independent of mineral exploration. The effective dose rates in almost all samples are 

above the world average which is 2.4 mSv/y. To sum up, the presence of uranium in water and soil of the tested 

areas is probably due to the nature of the soil and not to the exploration of mine.  

 

 

1. INTRODUCTION 

 

Different radioactive elements, natural or artificial, can be found in any element of nature, as 

in soil and rocks, water and food, in short, everything that surrounds us and even inside 

human body [1]. Radioactive elements more abundant in nature are 
40

K,
 238

U, and 
232

Th, and 

their concentrations may vary in different types of rocks and soils. Actually, the radioactivity 

is present on Earth since its formation and all nature living organisms are evolved in this 

background activity, natural and continuously exposed to ionizing radiation. However, some 

human activities, such as industrial processes or mining, may alter the distribution and 
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concentrate the Naturally Occurring Radioactive Materials (NORM), increasing the 

radioactivity of a given local, creating TENORM (Technically Enhanced NORM). The 

radionuclide contents of these materials may lead to radiological consequences for workers or 

for the general public, and may jeopardize health and safety of surrounding living organisms. 

 

Therefore, over the last years attention has focused on these materials and on the radiological 

consequences for the general public, as well as on workplaces where such material is 

handled, processed or treated. 

 

The fuel used to generate nuclear power is based on uranium and Brazil has the 6
th

 largest 

global geological reserve. The economic growing in Brazil is responsible for an urgent 

demand for energy resources, including nuclear. Currently, the Brazilian uranium mine 

located in the Uraniferous District of Lagoa Real, in the region of Caetité city, Bahia State 

(BA), is the only one explored in Latin American [2]. The environmental contamination due 

to nuclear installations is a constant concern, whether by population or by their managers. 

The orientation of Brazilian authorities is to conduct operations in U mine trying to avoid any 

impact and strain on the environment. However, some Organizations, such as Greenpeace, 

state that the explored uranium mine is dangerous and polluting [3]. In the other side, 

Indústrias Nucleares do Brasil (INB), the company in charge of the complex extraction and 

production of yellow cake, rejected these accusations.  

 

The important routes of radiation exposure of the public are external gamma radiation, 

inhalation and ingestion. Once released into the environment, uranium may enter the human 

food chain through contaminated water or food like milk and vegetables and the continuous 

ingestion of uranium can cause several health hazards. Studies have shown that low 

concentrations of uranium ingested chronically lead to an accumulation of the element in 

bones, kidneys and throughout the volume of bone marrow hematopoietic stem cells [4].  

 

By determining the concentration of the most abundant radioisotopes it is possible to estimate 

the radiation dose received due to the background radioactivity. To ascertain the actual effects 

of uranium exploration, this work was focused on the determination of 
238

U, 
232

Th and 
40

K 

concentration in soil and water of U mine surroundings in order to assess the environmental 

radiation dose,  and hence to know the radioactive impact of mining on the health of people 

living around it. 

 

2. MATERIALS AND METHODS 

2.1.  Sample Collection and Preparation  

 

Soil and water samples from various parts of the municipalities of Caetité-BA and its 

surroundings were analyzed. Table 1 describes the sites where they were collected. 

 

The water samples were collected from underground wells and cisterns to irrigate the crop, 

for animal and human consumption, and also from tap water consumed in the city, in parks 

and in homes. It was added 2 mL of HNO3 in 250 mL of water samples, in order to avoid the 

microorganism proliferation that can cause interferences on chemical analysis. 

 

Soil samples were collected approximately from 10 cm deep from farms where the planting is 

done. These samples were subjected to a first physical preparation (grinding and screening) to 
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ensure the homogeneity of grains. 500 mg of each sample were immerse in a mixture of 

HNO3 (65% Merck PA) and HF (40% Merck PA), in the ratio 5:2. These acids are added in 

order to break the crystal lattice. The samples were digested with the aid of an assisted 

microwave technology (Provecto Analitica model DGT 100 plus). After solubilization, and 

the tube contents was swelled with purified water (18M - Gehaka Master System) to 

complete 50 mL of solution.  

 

Table 1. Sample collection sites in the mining region.  

Number Site 

P150 e P150a Soil from two sites in the city of Lagoa Real. 

P150b Water from the cistern of a residence inside the city of Lagoa Real 

P151 Solo from a road within the city of Lagoa Real. 

P152 e P154 Soil from two sites of Rebouças farm in Lagoa Real. 

P153 Water well from Rebouças Farm. 

P155 Soil and water well from Boa Vista farm in Lagoa Real. 

P156 Soil from the road between the towns of Lagoa Real and Caetité. 

P157 Soil from a plaza in the Caetité city. 

P158 Water from a source in a plaza of Caetité city. 

P159 Tile from an abandoned house in the city of Caetité. 

P160 Soil and well water from a farm in the village Pirajá (Caetité). 

P161 Soil and water well from the Boa Esperança Farm (Caetité). 

P162 Soil and water well from th Cachoeiras farm (Caetité). 

P163 Soil and well water from a farm in the village of Maniaçu (the nearest site of 

collection to the controlled area by the INB) (Caetité). 

P164 Well water from a house in the village Maniaçu (Caetité). 

P165 Soil used for making pottery tiles in the village Maniaçu. (Caetité). 

P166 Tile from a brick factory near the city of Caetité. 

P167 Water piped from a hotel in the city of Caetité. 

2.2. Methods of analysis  

 

The samples after the dissolution 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 samples solid, liquid and gas and also can detect and separate the species in the 

presence of complex matrices [5]. 

 

2.3. Dose Calculation  

 

Materials containing NORM usually have a mixture of different radionuclides. Therefore, it 

is necessary to introduce some method of simplification for dose calculation. For screening 

purposes a fixed radionuclide composition is assumed and the activity of the input material is 
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characterized on the basis of most significant nuclides. In this work, the yearly absorbed dose 

rate (D) was calculated based on the most common radionuclides (
238

U, 
232

Th and 
40

K ) 

concentrations in the samples by: 

 

D D D D                   . (1) 

 

where D, D and  Dγ are the alpha, beta and gamma dose, respectively.  

 „Effective dose‟ is the quantity is used in place of „absorbed dose‟ in radiation protection. It 

takes into account the biological effectiveness [1] of different types and energies of radiation 

and its basic unit is the same as absorbed dose with a special name, sievert (Sv). In the case 

of natural environmental radioactivity, the effective dose is calculated from the absorbed dose 

by applying the factor 0.7 Sv Gy
−1

 [1, 6], coupled with the annual dose rate cosmic radiation 

(ERC). Thus, the annual rate of effective dose (E) in the surroundings of uranium mine was 

calculated according to: 

  RCEDE  7,0                (2) 

 

 

3. RESULTS AND DISCUSSION  

 

By ICP-MS analysis it was possible to determine 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 used. 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), it was possible to determine the concentration of 
40

K 

using (3).    

           
3940

26,93

0117,0
KK CC 

                                               (3) 

  

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 Table 

2 for water and in Table 3 for soil. 

 

 

Table 2. Concentration of 
238

U, 
232

Th, 
39

K and 
40

K in water samples. 

 
Number 

238
U × 10

-3
(ppb) (

232
Th × 10

-3
) ± 0.5 (ppb)

 39
K × 10

3 
(ppb)

 40
K (ppb)

 

P150b 3.0 ± 0.7 ≤ 2.0 2.6 ± 0.9 0.33±0.11 

P153 (24±6) × 10
3
 ≤ 2.0 18 ± 6 2.3±0.8 

P155 (12±3) × 10
3
 ≤ 2.0 7.0 ± 2.4 0.9±0.3 

P158 3.0±0.7 ≤ 2.0 7.1 ± 2.5 0.9±0.3 

P160 3.0±0.7 ≤ 2.0 0.42 ± 0.15 0.053±0.018 

P161 3.0±0.7 ≤ 2.0 0.070 ± 0.024 0.009±0.003 

P162 26±6 ≤ 2.0 15.5 ± 54 1.94±0.68 
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P163 6.0±1.5 ≤ 2.0 0.9 ± 0.3 0.11±0.04 

P164 (0.26±0.06) × 10
3
 ≤ 2.0 2.2 ± 0.8 0.276±0.097 

P167 (0.74±0.18) × 10
3
 ≤ 2.0 1.5 ± 0.5 0.188±0.066 

  

 

Table 3. Concentration of 
238

U, 
232

Th, 
39

K and 
40

K in soil samples. 

 
number 

238
U(ppb) 

232
Th(ppb) 

39
K (ppb)

 40
K  × 10

-5
(ppb)

 

P150a 0.79±0.12 30±4 0.74±0.19 9.3±2.3 

P150 1.15±0.17 31±5 0.28±0.07 3.5±0.9 

P151 0.35±0.05 20±3 0.60±0.15 7.5±1.9 

P152 0.62±0.09 59±9 1.02±0.26 12.8±3.2 

P154 2.3±0.3 94±14 0.99±0.25 12.4±3.1 

P155 0.49±0.07 5.5±0.8 0.35±0.09 4.4±1.1 

P156 0.81±0.12 33±5 0.83±0.21 10.4±2.6 

P157 0.84±0.13 30±5 0.82±0.20 10.3±2.6 

P159 1.03±0.15 45±7 0.85±0.21 10.7±2.7 

P160 0.067±0.010 13.0±2.0 1.02±0.25 12.8±3.2 

P161 0.079±0.012 16.8±2.5 0.98±0.25 12.3±3.1 

P162 0.29±0.04 37±6 0.87±0.22 10.9±2.7 

P163 0.50±0.08 22±3 0.77±0.20 9.7±2.4 

P165 2.1±0.3 7.8±1.2 0.49±0.12 6.1±1.5 

P166 0.69±0.10 6.0±0.9 0.58±0.15 7.3±1.8 

 

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

The average concentration of uranium in soil is about 2 mg/kg [6] and, according to Camargo 

(2009) [7], the average concentration of 
238

U in soil is 2.7 ppm. Thus concentrations 

determined in this work are all below the average indicated. 

 

It should be noted that the degree of radiation exposure depends not only on the activity 

concentration of the material involved but also on any chemical or physical processing which 

may increase the availability of the material. However, this is not a subject for this survey. 

According to Table 2 was hardly detected 
232

Th in Caetité water. The concentration 
238

U 

varied considerably from site to site. No significant differences in the amount of 
40

K were 

detected in the samples of water from the region. The radionuclides can enter the human food 

chain if the water is used as drinking water or for irrigation purposes. According to WHO [8] 

the contribution of drinking water to total exposure to radiation is usually very small and is 

largely due to naturally occurring radionuclides of uranium and thorium series. 

 

In Figure 1, it is possible to see that 
238

U concentration detected in majority of samples are 

not above the limit set by WHO [8] for drinking water, which is 15 ppb; being the exceptions 

P153; and P155, that just reached the limit. Both sites are located on two farms in the rural 

municipality of Lagoa Real, relatively far from the place where there is uranium exploration; 

and they presented much higher concentrations of 
238

U than average in this 10 water samples 

(at about 3.7 ppm).  

 

Greenpeace Organization found in the same farms 
238

U concentration above 155 ppb [3] in 

well water. According to Comissão Nacional de Energia Nuclear (CNEN) [9], in analyzing 

the potential contamination for the surrounding communities, one can say that the mining and 
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the places where the high concentrations of uranium in water were detected are located in 

different river basins separated by an important watershed (a hill with a few tens of meters). It 

is also important to note that the P153 showed in this work is very close to an important 

uranium reservoir, but not yet under exploration. 
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Figure 1. Histogram of the 
238

U concentration for 

water samples. 
 

In a report of the Monitoring Program of Water Quality of the Bahia State was assessed the 

concentration of uranium in surface water and groundwater in the municipalities of Lagoa 

Real and Caetité [10]. The results showed 2 samples of groundwater with concentrations 

above the maximum allowed limits, among all the sites assessed. The report's conclusion was 

that the data did not allow inferring whether the mining activity in the region influences the 

concentrations of uranium in water, since there is no limitation to the concentration of 

naturally occurring radioisotopes in the soil. 

 

One way to increase the concentration of radioactive elements can occur under certain 

conditions of the environmental and the rock that contains them (depending on pressure, 

temperature, acidity, etc.). Uranium is mobilized from the rocks by weathering of uraninite 

(UO2). The action of surface water and groundwater cause oxidative dissolution of uraninite, 

on the soluble uranyl ion (UO2
2+

). Worldwide, 27,000 to 32,000 tons of uranium are released 

from igneous rocks, shale, sandstone and limestone annually by natural weathering and 

erosion [11,12,13]. 

 

Although the main human activities that release uranium in the soil are uranium mining and 

milling, uranium processing, phosphate mining, mining of heavy metals, coal use, and 

inadequate disposal of waste [14] and that the plant mining consumes a considerable amount 

of water for its operation, if its management is appropriate, it is not harmful to groundwater in 

the region. 

 

The variation in the concentrations obtained in the various samples in a region already shows 

how the process of natural contamination of water can be distinguished. Attention should be 
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paid to the fact that the site P154 is located in the same location where the well water with 

high concentration of U-238 was collected also showed the highest concentration of this 

radioisotope in the soil. Thus, from the data collected and studied here, it is believed that the 

concentration of 
238

U determined in different sites of water collection is due only to natural 

processes of soil leaching. 

 

Another way to assess the limits of environmental radiation is calculating the effective dose 

rate. Tables 4 and 5 show the gamma, absorbed and effective annual dose rate in water and 

soil samples, respectively. The world average annual effective dose from external and 

internal sources are about 2.8 mSv, being 85% of this value (2.4 mSv) due to natural 

background radiation, of which 0.5 mSv comes from terrestrial gamma rays [15].  

Only the sites (P153 and P155) showed higher values of effective and gamma dose rate for 

samples of water due to the high concentration of radioisotopes (see table 2 and 3) and only 

one soil sample presented effective dose rate below the world average value. 

 

Table 4. Gamma, absorbed and effective annual dose rate for water samples. 

 
Site Dγ × 10

-5 
(mGy/a) D × 10

-3 
(mGy/a) E × 10

-3 
(mSv/a) 

P150 8.0±2.8 0.35±0.09 288.55±0.07 

P153 62±20 31.4±6.9 310±5 

P155 24.9±7.7 15.4±3.5 299±2 

P158 22±8 0.96±0.27 289.0±0.2 

P160 1.29±0.45 0.06±0.02 288.34±0.01 

P161 0.22±0.08 0.138±0.003 288.310±0.002 

P162 47.2±16.5 2.08±0.58 289.8±0.4 

P163 2.68±0.94 0.12±0.03 288.39±0.02 

P164 6.8±2.4 0.61±0.11 288.72±0.08 

P167 4.8±1.6 1.09±0.22 289.06±0.15 

Dγ = gamma dose; D= absorbed dose; E= effective dose.  

Table 5. Gamma, absorbed and effective annual dose rate for soil samples.  

 
Site Dγ 

 
(mGy/a) D (mGy/a) E (mSv/a) 

P150a 0.76±0.09 11.9±1.4 8.61±0.98 

P150 0.64±0.09 12.0±1.4 8.7±1.0 

P151 0.54±0.07 7.85±0.93 5.79±0.65 

P152 1.36±0.18 21.7±2.7 15.5±1.9 

P154 1.98±0.26 35.3±4.3 25±3 

P155 0.21±0.03 2.88±0.28 2.31±0.20 

P156 0.84±0.11 13.0±1.5 9.4±1.1 

P157 0.79±0.10 12.1±1.4 8.73±0.98 

P159 1.06±0.14 17.3±2.1 12.4±1.5 

P160 0.54±0.09 5.75±0.66 4.31±0.46 

P161 0.59±0.09 6.97±0.81 5.17±0.57 

P162 0.92±0.12 13.8±1.7 9.9±1.2 

P163 0.63±0.08 8.9±1.0 6.5±0.7 

P165 0.29±0.04 5.8±0.5 4.3±0.4 

P166 0.29±0.05 3.6±0.3 2.80±0.24 

Dγ = gamma dose; D=  absorbed dose; E= effective dose.  
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In a study performed by Anjos et al. (2003) [16], several areas are cited to present high level 

radiation background, as Yangjiang (China), 5.5 mSv/a, coastal belt of Kerala (India), ranging 

between 1.5 and 20 mSv/a, Pitinga, Caetité, Buena, Guarapari and Poços de Caldas (Brazil), 

ranging between 3.5 and 10 mSv/a. Comparing average effective dose rate found in this study 

with that cited by [16] to the region of Caetité, our data are within the range presented by 

them. 

 

It is worth noting that the contribution to the dose rates depends on the three radionuclides,    
238

U, 
232

Th and 
40

K, not just on uranium. Below an exposure increment of 300 μSv per year it 

is recommended that building materials would be exempted from any restrictions [6]. 

However, soil with high content of radionuclides, with exposure increment above 300 μSv 

per year, should be avoided to be used as raw material for building materials, because for 

increasing of radon or thoron inside the houses or in the environment for employees. A more 

comprehensive evaluation should be made by building materials factories in the region. 

 

 

4. CONCLUSION  

 

The presence of radionuclides in soil samples and water is independent of mineral 

exploration. We believe that the higher concentration of 
238

U determined only one sample of 

water is due only to natural processes of soil leaching. The values of effective dose rates of 

majority of studied sites are above the world average by UNSCEAR in 2000, which is 

2.4 mSv/a. The highest concentrations of nuclides are naturally present in the soil samples, 

including very high concentration of 
232

Th, being the main contributors to the increase of 

radiation dose in the surrounding Caetité mining. 
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