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ABSTRACT

Since the beginnings of the industrial era, there has been an increasing use of fossil fuels, causing a
rising of about 30% in the level of carbon dioxide concentrations and, consequently, elevating the global
temperature. In the present days, we witness a huge worldwide concern about the generation of energy
without emitting polluting gases responsible for the global warming, the so called clean energy. In this
way, nuclear energy has reemerged as an important efficient means for generating domestic and industrial
energy without producing the toxic greenhouse effect gases. Brazil is one of the current highest economic
developing countries, with various internal sectors demanding more and more new technologies and energy
consumption. Although traditionally Brazil has lain mainly on hydrical resources, nuclear energy appears
as a real option in the current scenario. In the present work we analyse uranium extraction and processing
in the Brazilian Region of Lagoa Real Bahia. In the recent literature, there has appeared some localized
works, analyzing environmental impacts arising from the uranium extraction in that region. Based on data
collection and analysis of soil, water and teeth, these works represent a first effort in the environmental
impacts issue. Building upon published technical results we aim at a global understanding of the problem.
Considering such different data sets, we look for global answers relating general aspects of the uranium
extraction in the region. We present a comparative study, stressing connections and pointing out different
aspects of the common environmental issue.

1. INTRODUCTION

The only uranium operating mine in South America, located in Lagoa Real, Bahia, has
begun extraction activities since the year of 2000. It is responsible for fueling the Brazilian
nuclear power plants Angra 1 and Angra 2. The largest uranium reserves in Brazil are
located in Santa Quitéria, Ceará, whose farm is in the pre-operational phase [1]. There-
fore, there exists a major concern for environmentalists and NGOs on environmental and



radiological impacts related to the operation of this mine, as well as on the possible
contamination issue. One of the main quests is whether the observed high levels of radi-
ation in the region result from the artificial process of human extraction or from natural
processes arising solely from the intense concentration of the nuclide in the soil.

Nuclear energy is mainly produced from uranium and, in this scenario, Brazil emerges as
the seventh world power in geological reserves, with only 25% of its territory prospected.

Up to now, the only exploited reserve in Latin America is located in the Southwest
Region of Bahia, in the Distrito Urańıfero de Lagoa Real. This reserve was discovered
from a series of aerogeophysical measurements in the 70’s. However, the beginning of
mining and beneficiation in the Unidade de Concentrado de Urânio (INB - Caetité ) took
place only recently, from the year of 2000 on - with annual uranium mining concentrate
of about 400 tons.

The uranium concentrate produced in the URA Caetité is used as fuel for the Brazilian
nuclear plants of Angra 1 and Angra 2 [2]. With the construction of the new unit Angra
3 a higher demand for uranium production is expected. For this reason, the Brazilian
conglomerate Indústrias Nucleares do Brasil (INB) plans to start the underground mining
exploitation in Caetité aiming to double the production [3]. Besides the Caetité Mine,
the larger uranium deposit in Brazil, Itatiaia, in Santa Quitéria CE, is expected to begin
operation within the next years, attending both Brazilian and international demands.

There are many speculations relative to the extraction and processing of uranium in Brazil
[4]. For this reason, the number of research papers related to environmental impacts has
been raising. Important non governmental agencies are concerned about this issue. As an
example we may cite the Greenpeace which in the recent report Cycle of Danger: Impacts
of Brazilian Nuclear Fuel Production [5] alerts for the danger and polluting aspects of the
mining and processing activities in the region. On the other way around, there exists
plenty of scientific papers pointing out that the observed environmental impacts occur
naturally due to the high radioactive indices caused by the existing uranium ore in the
region, other than due to the extracting and processing activities.

It is known that human beings are continuously exposed to ionizing radiation produced
by the presence of natural radionuclide in the Earth biosphere as well as solar radiation
and cosmic rays. Such radionuclide are present in all Earth environment, such as in the
soil, water, food, air, human body etc [6]. One of the most common ways of mankind
exposition occurs through water and contaminated food ingestion. Since uranium is a
natural constituent of soil, there occur natural processes of radionuclide mobilization to
superficial and soil water, caused by the natural leaching of the matrix rock. However,
the raising of radioactivity levels may be directly linked to human activities which may
elevate the background radiation, thus enhancing the exposition to natural nuclide.

In the present paper we discuss the environment nuclear contamination issue in the Dis-
trito Urańıfero de Lagoa Real through the analysis of different recent isolated works per-
formed on the region, trying to connect these works in a unified treatment. In the fol-
lowing section we discuss the radionuclide human absorption as well as the soil and water
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radioactive contamination in the region of Lagoa Real Bahia.

2. RADIONUCLIDE INCORPORATION

Recently, regarding the region of Distrito Urańıfero de Lagoa Real, there has appeared a
vast amount of works in the literature analyzing the potentiality of risks towards the local
population as well as environment impacts in general. These works concern mainly to
the issue of natural radioactivity and uranium extraction and processing in Caetité - BA.
In particular, there have been concrete analyses of water, soil and bioindicators such as
human teeth in the region [6, 7, 8, 9, 10]. These analyses have searched for radioisotopes,
radioactive nuclide and other traces of radioactivity. In these works, the occurrence of
radioisotopes in the water and soil of the Distrito Urańıfero de Lagoa Real have been
determined as well as the uranium incorporation due to constant exposition.

In 2008, Prado et al., analyzed the environmental uranium contamination in Caetité -
BA, using teeth as bioindicators [7]. By analyzing teeth, it was possible to study the
level of uranium exposition to which the local population is exposed to. It is known that
uranium, as well as other heavy metals, have chemical affinity with bones. It infiltrates in
the bones by substituting calcium and being acumulated in large quantities due to ionic
affinity. Bones are one of the most important biological nuclide accumulator of long mean
lifetime. The greater the mean lifetime and slower the disintegration the more it will last
inside the human body.

In this study, the researchers used teeth as bioindicators instead of human bones since
the teeth have the same ionic affinity for metals and they are easily acquired. A total
of 41 teeth from the region of study were analyzed, being 17 from residents of Caetité
township, 2 from residents of Lagoa Real township and 22 from Igaporã, in individuals
with age ranging from 5 to 87 years old. Those teeth were collected by ontological clinics
in those townships that attend the population. An interview about socioeconomic and
nutritional profile in the process of donation of the teeth and the information about the
reasons for the extraction was carried out by the dentist in charge in order to have a
better understanding of the problem.

The found results showed that the residents of Caetité presented, in average, a uranium
incorporation tax higher than other districts. The measured uranium concentration in
Caetité was twice that of Lagoa Real and five times that of Igaporã. In Caetité the mean
concentration was 52,3 ppb which means 100 times the world average of 0,5 ppb. Further-
more, while the world mean ingestion of uranium in food and water lies between 1 and 2
µU/day, in Caetité it was measured to be about 100 to 200 µU/day. That means naturally
that the closer to the URA Caetité, the greater the environmental polution. However,
that does not mean necessarily that the uranium extraction process is responsable for the
contamination as the soil in the region is already rich in uranium.

In 2011, Guimarães et al. runned analyses in the dose due to the incorporation of nuclides
by the population around the mine in Caetité using human teeth as bioindicators [6]. The
goal was to determine the concentration of the natural isotopes of 238U , 232Th and 40K. In
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order to identify potential environment problems in the Distrito Urańıfero de Lagoa Real,
the environment radioecologic scale in the minering activity and neighborhoods, stressing
the district of Caetité, was measured. In Caetité the found results for the concentration
of 238U in the population’s teeth samples were in the average of 0,007 ppm, lower than
the reference value for the same radionuclide for human bones of 0.008 ppm [11].

Analyzing the samples separately, only 5 of the 14 teeth collected in the population
of Caetité presented concentration of 238U above the UNSCEAR’s reference [11], and
according to Guimarães et al. the lack of identification of the samples shows that there
are still cases to be investigated and also that one cannot affirm the mining would be
responsible for the concentrations found in the population of Caetité by environmental
contamination [6]. It was concluded that the population of Caetité would not be subjected
to a higher exposure to the radiation caused by the incorporated 238U radionuclide [6].
The concentrations of 232Th in the region are above the reference value prescribed by
the UNSCEAR [11]. For the concentrations of 40K, the values were lower than expected,
since the potassium, in its majority, accumulates in the muscles, not in the teeth.

As for the total dose absorbed by the skeleton, Caetité presented a high value. Regarding
the annual effective dose, due to the 232Th incorporated to the skeleton, the values found
were lower than the ones established by the UNSCEAR [12]. It was established that
the incorporation of radioisotopes in the teeth of the population of Caetité comes from
natural origins, having no influence of the uranium mining and processing activity in the
region [6].

3. WATER AND SOIL CONTAMINATION

In [8], Almeida et al. have performed the measurement of the radiometric exposition dose
around the Caetité mine obtaining a scale of radioecologic environmental impact arising
from the mobilization of materials in the uranium mine in Caetité - BA. In this paper, the
concentration of radionuclides 238U , 232Th and 40K was determined, based on the fact that
irradiation in the human body occurs from external sources, especially gamma radiation,
emitted by the series 238U , 232Th and from potassium 40. Water and soil samples were
collected from the region of the Distrito Urańıfero de Lagoa Real in order to determine the
occurrence of radioisotopes and the annual radiation dose rate the population of Caetité is
exposed to. It was possible to verify the effect of the mobilization of the ore from Caetité
mine in the environmental contamination with natural radionuclides.

In Figure 1 we show the collecting points used in [8]. Forty-nine samples were collected
for analysis, from which 19 of water, 25 of soil, 2 of tiles prepared with clay from the
region and 3 samples given by INB (2 sterile and 1 ore). The collecting took place in
the month of February of 2010 in several spots of Caetité-BA and around it, in farms
using underground wells and cisterns for animal consumption, crops irrigation and own
consumption, and the soil where the planting is done. Besides, there have been water
collecting also in the town of Caetité, in squares and residences that use piped water.

The researchers analyzed the data about the water collected in Caetité and observed that
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Figure 1: Geographic Location for Sample Collecting Points in Caetité.

most of the concentration values of 238U found in the samples are not above the limit
established by World’s Health Organization (WHO) for drinking water, which is 15 ppb.

They highlight that two collecting points located within two farms in the rural area of
Lagoa Real presented concentrations of 238U higher than the average determined for the
water in the region of Caetité. One of them was located 100 meters apart from a con-
demned well after a Greenpeace investigation due to high concentrations of radionuclides
in the water and considered inappropriate for consumption [8].

According to the researchers in [8], the spot P165 located in Maniaçu obtained a pretty
close value to the one indicated by North American Shale Composite (NASC). This spot
is related to a soil sample and had greater concentration of 238U . The soil in this region
is used in the production of roof tiles, which will be used in the residences of Caetité and
will increase the amount of radon that is inhaled by the residents. It informs that the
values of the 232Th radionuclide were superior to the ones recommended by NASC, with
average of 30 ppm, except for P155, P165 and P166 that are below. However not even
WHO or CONAMA set any limit recommendations to this radionuclide [8].

Finally, in the conclusion of [8], the values of the effective dose in most of the collecting
spots of Lagoa Real Uranium District are shown to be above the world’s average which
is 2,4mSv/a, according to data from [11]. It emphasizes that the greatest concentrations
of 238U , 232Th and 40K radionuclides were found in soil samples. Low concentrations of
U and Th were found in the ore samples and this can be related to its hardness which
leads one to affirm that the presence of those radionuclides is independent from mining
activity in the region and that it probably occurs because of natural concentration.

In the same year of 2011, Silva et al., evaluated the natural radioactivity in drinking water
in the region of Caetité Bahia [9]. Both surface and undergroud waters were analysed.
Specifically, they measured the total alpha and beta activities and uranium concentration
in superficial and underground public supply water in Caetité, Lagoa Real and Livramento
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de Nossa Senhora. It is known that drinking water is one of the main radionuclide entrance
vias for the human body. Therefore, since the Distrito Urańıfero de Lagoa Real is rich in
minerium it is important to evaluate the hydric resources used by the local population.

Although the urban population of Caetité, Lagoa Real and Livramento de Nossa Senhora
use piped and treated water originally from public supply, in the rural area the popula-
tion uses water for consumption and irrigation, along with other activities without any
radiometric verification. Another relevant factor is related to long periods of dry weather
and the intermittence of the rivers in the region, which leads to the opening of wells and
cisterns to allow the better usage of underground water from the crystalline and small
dams, reservoirs and weirs that are supplied during the occurrence of rain, which in the
region of study is characterized by high variability in space and time distribution.

Silva et all. [9] collected water in 32 spots which can be seen in Figure 2. The samples

Figure 2: Water Collecting Points in Lagoa Real Bahia

were chosen from public supplies, wells, cisterns, weirs, rain and pond water in the cities
of Caetité, Lagoa Real and Livramento de Nossa Senhora. Within those 32 spots, 20
belong to Caetité, 10 to Lagoa Real and 2 to the village of São Timóteo, in the rural
area of Livramento de Nossa Senhora. The collection was carried out in the months of
January, considered a rainy period, though in the year of 2010 this month faced a really
dry period; and July, 2010, which is a dry period.

The results obtained by [9], after the analysis of the samples collected in the rainy period,
showed that only one specific spot, characterized by a tubular well with approximately 93
meters depth and located in the rural area of Lagoa Real, presented total alpha concen-
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tration above the recommended by WHO and the Brazilian Health Ministerium of Health
(MS) of 0, 5Bq.L−1, namely 0, 79 ± 0, 05Bq.L−1. Regarding total beta activity three of
the analyzed samples presented values above the one recommended by WHO and the MS
which is 1Bq.L−1, being two of them referring to two collection spots in the rural area of
Lagoa Real, namely, spot 22 that presented value of 3, 00±0, 17Bq.L−1, three times greater
than what is recommended by WHO and the MS, and spot 29 which is characterized by a
well in the city market of Lagoa Real that presented value of 1, 39±0, 08Bq.L−1. Related
to the uranium concentration in the city of Caetité it presented values above CONAMA’s
limits in the spots located in the rural area of the city, having spot 10 with 20, 3±0, 3µg.L−1

concentration and the spot 17 with 17, 1 ± 0, 3µg.L−1 of uranium concentration.

In the dry period when the samples were analyzed to evaluate total alpha activity the
researchers found values above the ones recommended by WHO and the MS in spot 17,
with value of 0, 57 ± 0, 03Bq.L−1, which is located in the village of Juazeiro in the rural
area of Caetité, being that in the spots of Lagoa Real spot 22 had a reduction in the
values found in the rainy period to 0, 450, 03Bq.L−1. Regarding total beta activity the
spot 22, in this period, presented value of 1, 49 ± 0, 09Bq.L−1, spot 29 presented value of
1, 63±0, 14Bq.L−1 and spot 24 presented concentration of 1, 12±0, 07Bq.L−1. In spot 17,
during this period, besides the elevated concentration of alpha the uranium concentration
116, 70, 3µg.L−1 was also above the values recommended by CONAMA, but not the one
of the WHO, and the spot 22 presented uranium concentrations of 24, 90, 3µg.L−1 for
filtered water sample and 26, 30, 3µg.L−1 for non-filtered.

It was observed in [9], that seasonality does not interfere significantly in the results of
total alpha and beta radioactivity levels as well as in the uranium concentrations in the
region of Caetité and Livramento de Nossa Senhora. In Lagoa Real, except for the spot
22, the uranium concentration in the process of filtering the water diverged from non-
filtered water, being most of the found results below the concentration level of 15µ.L−1

recommended by WHO in 2008 and CONAMA.

Finally, they suppose that the high levels of uranium concentration in Lagoa Real is
related to the natural concentration of that radionuclide in the soil and also that those
values are compatible with the ones found in regions with high natural radioactivity.

4. CONCLUSIONS

We have analysed data from different works concerning the high levels of radioactivity in
Lagoa Real Bahia and corresponding environmental issues. We have seen that the INB
uranium exploitation and processing activities certainly play a role in the environmental
quests. The results of most of the papers analysed tend to characterize the environ-
mental impacts as resulting from the natural high levels of radioactivity in the region,
independently of the uranium exploitation and processing. Further work is needed for
more conclusive answers.
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