2017 International Nuclear Atlantic Conference - INAC 2017
Belo Horizonte, MG, Brazil, October 22-27, 2017
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR – ABEN

INTERPRETATION OF THE NATURAL RADIOACTIVE ANOMALIES
IN THE CENTRAL AREA OF BELO HORIZONTE/BRAZIL

Mayara P. Duarte1, Natália F. Taveira2, Talita O. Santos2, Evelise G. Lara3, Alberto A.
Barreto1, José Augusto R. Silva1 and Zildete Rocha1

1

Centro de Desenvolvimento da Tecnologia Nuclear - CDTN
Av. Presidente Antônio Carlos, 6627
Campus da UFMG, Pampulha
31270-901 Belo Horizonte, MG
mayarapinheiroduarte@gmail.com;
aab@cdtn.br;
jars@cdtn.br;
rochaz@cdtn.br
2

Departamento de Anatomia e Imagem
Universidade Federal de Minas Gerais
Escola de Medicina, Av. Prof. Alfredo Balena, 190,
30130-100 31270-901 Belo Horizonte, MG
natyfontaveira@hotmail.com.br;
talitaolsantos@yahoo.com.br
3

Departamento de Engenharia Nuclear
Universidade Federal de Minas Gerais
Av. Presidente Antônio Carlos, 6627
Campus da UFMG, Pampulha
31270-901 Belo Horizonte, MG
evelise.lara@gmail.com

ABSTRACT
The natural radioactivity is responsible for approximately 80% of the average annual radiation dose received by human
being. This work aims at the knowledge of the origin and distribution from the natural radioactivity and the potential
risk due to radon in Belo Horizonte. This study was based on local geology, composed mainly by granitic and gneissic
rocks and in a previously study of indoor air radon concentration, that pointed out dwellings with high concentrations,
above some international action levels. It presents the mapping of the spatial distribution of uranium, thorium,
potassium, dose rate and of the total gamma count rate, distributed throughout the central region of the city that is
within the boundaries of Contornol Avenue. The work was developed with a survey made inside a car with a portable
gamma detector, RS-230, Radiation Solutions, coupled to a Global Positioning System (GPS) in every street within the
Contorno Avenue and after using geoprocessing techniques and statistics, the results was spatially distributed and
classified according to the background in five classes (very low, low, medium, high and very high). It was observed
next to the Liberdade Square, were found total gamma count rate "very high". After performing a more detailed
analysis on the radiation background it was observed that this high level of radiation in specific locations appear to
originated from the cobblestones of the streets, granitic rocks,which came from quarries in the region around the
Contorno Avenue and that do not correspond to gamma radiation emanating from the local soil.

1. INTRODUCTION
Natural radioactivity, of cosmic and terrestrial origin, accounts for approximately 80% of the
average annual dose of radiation received by humans [1]. The cosmic radiation can be
directly incident over the human being or absorbed from the cosmogenic radionuclides
formed by the interactions of cosmic radiation with atmosphere elements. The terrestrial
radiation refers to the natural radionuclides distributes in the geological materials. Among
these, has been the radionuclides referred as primordial, they are present in the Earth since its
formation, about 4,5 million of years. The primordial elements can occur singularly, like
Potassium (40K), or as the natural series, like Uranium (238U), Actinium (235U) and Thorium
(232Th). The U, Th and their products account to main radiological impact from natural
radioactivity. These elements concentrate primarily in igneous rocks, like granite, in
intermediate values in metamorphic rocks and in low levels in sedimentary rocks. However,
there are many exceptions and some of them are noticeable. Some exceptions of sedimentary
rocks are phosphate rocks and sandstones, witch present concentration relatively high of
natural radionuclide [2].
Considering Uranium and Thorium concentrations are present in most rocks, and soil, this
elements from de radioactivity family’s, because of de decay series, like Radon. Radon is a
radioactive noble gas derived from the natural decay series of 238U, 235U and 232Th and in the
soils and rocks, by diffusion and convection, can migrate to the surface and through fissures,
pipes and holes it may enter in dwellings and workplaces. It is estimated that 95% of the
indoor radon comes from the soil and rocks, and rocks with high concentration of natural
radionuclide, consequently have higher radon emanation power [3]. The distribution of this
radionuclide in the soil depends to the radioactive content in the rocks and in the pedogenetic
processes from the soil [4].
This study was based in previous studies about the concentration of radon in indoor air of
dwellings, in soil gas and groundwater in the Metropolitan Region of Belo Horizonte RMBH, which present radioactive anomalies in some areas, above some international
reference and action levels. This work aims the knowledge of the origin and distribution from
the natural radioactivity to verify the potential risk due to radon in the RMBH. It presents the
mappings of the spatial distribution of uranium, thorium, potassium, dose rate and the total
gamma count rate, distributed throughout the central region of the city, within the boundaries
of Contorno Avenue. This study aims to verify by the mapping if the anomalies found in Belo
Horizonte central area have geological or man induced origin.

2. MATERIALS AND METHODS
2.1. Studied Area
Belo Horizonte is the capital of Minas Gerais state, Brazil, located in the center-south of the
state (Figure 1). This study was made in the central area of Belo Horizonte, within the
Contorno Avenue - the limit of the city in the original project. Belo Horizonte was a planned
city, founded in 1897, and the streets have a geometric and regular layout, a kind of grid, and
the avenues are wide and arranged diagonally [5].
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The position of the current place of Belo Horizonte was chosen, among other reasons, by the
existence of places to supply the necessary material for the construction of the buildings and
pavement of the streets and avenues [6]. The quarries would provide material with reduced
cost because they are at a little distance from what is now known as Contorno Avenue. These
quarries provided material used in the city's paving for decades but with urban growth they
were being ended over the decades.
The quarries responsible for the paving of the streets and avenues were in the complex Belo
Horizonte, much of the material supplied was granite gneiss. Belo Horizonte Complex, in
geologic aspects, is Archean rocks, predominantly tonalitic and granodioritic gneisses, locally
milonitized. The Complex is located to the north of the Iron Quadrangle and is composed of
migmatitic banded gneiss with schlieren and stromatic structures and mafic enclaves, and
intrusive granitoid bodies [7].

Figure 1: Map of the study area location.
2.2. Experimental Proceeding
The work was developed with a survey made inside a car with a Handheld Gamma-Ray
Spectrometer - RS-230 BGO Super Spec, from Radiation Solutions Inc in every street within
the Contorno Avenue. The spectrometer is auto-stabilizing on the naturally occurring
radioactivity and shows result from the total gamma count rate, the dose rate and
concentrations of uranium, thorium, and potassium. In addition, it has Bluetooth connectivity
and was coupled to a Global Positioning System (GPS), important to the coordinates of the
mapping.
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In a second moment, using RSAnalyst, a professional software that takes data from devices,
the device was updated and exported for a excel table. The data from the table was explored
with geoprocessing techniques, in the software ArcGis®. The data was spatially distributed
and classified for statistical analysis, according to the background, using ranges of each
mode. The total gamma count rate was classified, after the multimodal distribution, in five
classes - very low (3-100 cps); low (100-150 cps); medium (150-200 cps), high (200-400 cps)
and very high (400-2924 cps). The dose rate and concentration of uranium, thorium and
potassium, for didactic purposes, were grouped into three ranges of values, considered low,
medium and high. The ranges of the Dose Rate classes are 0-114 nSv/h (low), 114-273 nSv/h
(medium) and 273-392 nSv/h (high). The ranges of the Uranium classes are 0-3 ppm (low), 38 ppm (medium) and 8-17 ppm (high). The ranges of the Thorium classes are 0-8 ppm (low),
8-24 ppm (medium) and 24-70 ppm (high). The ranges of the Potassium classes are 0-1%
(low), 1-2.25 % (medium) and 2.25-3.50% (high).

3. RESULTS AND DISCUSSIONS
The map with total gamma count rate distribution within the Contorno Avenue is presented
Figure 2. It was observed that the background values stay between “very low” and “high”
classes, however, next to Liberdade Square, in parts of streets, were found total gamma count
rate "very high", above 400 cps with the Gamma Spectrometer – RS-230 BGO, equivalent to
a dose rate about 150 nSv/h - for the isotopic composition and measurement conditions.

Figure 2: Map of the spatial distribution of total gamma count rate
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In the distribution maps of dose rates and concentrations of uranium, thorium and potassium,
Figure 2, is possible to observe that these are consistent with the map of the total gamma
count rate. Although the maps present several points with relatively high concentrations in
other parts of the studied area, it is possible to observe that next, and symmetrically, to the
Liberdade Square occur points of high dose rate and high concentrations of uranium, thorium
and potassium.

Figure 3: Maps of the spatial distribution of dose rate, uranium, potassium and thorium

Peake and Schumann stated that soil permeability and moisture conditions can increase or
reduce the radon potential of an area [8]. The authors presented a diagram with an estimate of
the potential of geological radon (GRP), which considers the intersection between soil
permeability (in/h equivalent to 60 cm/day) and uranium content (ppm equivalent to μg.g-1).
They have considered as low or medium potential risk of radon for equivalent uranium
concentrations ranging from 0 to 3 ppm, depending on soil permeability, and high potential
risk of radon for uranium concentrations above 3 ppm, regardless of soil permeability (Figure
4). According to the mapping shown in Figure 3, within the studied area, many stretches had
values above 3 ppm, and in the region around Liberdade Square there were even high values
in the range 8 to 17 ppm.
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Figure 4: Diagram of geologic radon potential. eU, equivalent uranium; ppm, parts per
million; in/hr, inches per hour [8].

These anomalies in Liberdade Square region may have different causes. One of them can be
the natural radioactivity content in the local soil. Other cause can be anthropogenic, such as
original paving with stones. These stones originate from the granite gneiss quarries, used at
the time of the city´s foundation, and now are under asphalt cover.
Santos et al [3] reported indoor air radon studies and Lara et al [4]; [9]; [10] studied radon in
the soil gases conducted. They covering the entire RMBH have indicated some radon prone
areas, but they did not indicate that the studied region is a radon prone area. According to
these studies and field work in the studied area, this study supports the hypothesis that this
relative increase of the total gamma count rate in the area is due to the aforementioned
anthropic causes. In this case the paving with parallelepipeds from the quarries existent in the
city foundation.

4. CONCLUSIONS
Due to the fact that there is no indication of radon prone areas in the region of study, around
the Liberdade Square, the preliminarily conclusion is that the stretches of street indications of
high gamma radiation background are due the anthropic cause, the paving of the streets with
granite stones. To have a better understanding of the gamma background elevation origin in
the studied area, some samples from the quarry and from the cobblestone used in paving the
streets were taken for petrography analyses and comparison. Also some gamma experiments
inside the city blocks are being underway for comparison with the results obtained for the
streets as they are.
This research will continue with efforts to establish a way of distinguishing the effects of
natural and anthropogenic radiation over background mapping. It will be used as a tool for
mapping radon potential risks in the air inside dwellings and others indoor environments, like
workplaces, churches and schools.
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