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ABSTRACT 

 
Naturally occurring radionuclides, such as the uranium and thorium decay chains, are present in rocks and soils. 

But its distribution is not homogeneous: it depends on the type of rock being that those of volcanic origin have 

higher concentrations of uranium and thorium. These are NORM. Locations with NORM present higher dose 

rates than the world average. Thus, the determination of the natural radioactivity of a NORM region is of 

extreme importance since it provides data for the estimation of human exposure to natural radiation. In addition, 

if there is a mining company exploring NORM, the background radiation estimation should be considered in the 

decommissioning and future planning. There are places in Brazil, such as Granito Madeira in the state of 

Amazonas, in the north of Brazil, where NORM is present. It is an extremely remote area located within the 

Amazon Forest currently in the process of opencast mining. In this study, the iodide scintillator detector was 

used to measure and map the natural background radiation of the Granito Madeira using a scintillator detector of 

sodium iodide that was transported in tracks within the forest. The data obtained were georeferenced, classified 

and used to obtain the annual dose related to gamma radiation. The results are presented in frequency histograms 

and maps. The annual average was (6.0 + 3.0) mSv.y
-1

. These data were compared to those available from other 

regions with NORM in Brazil and the 2010 UNSCEAR report. 

 

 

1. INTRODUCTION 

 

 

Naturally occurring radioactive materials (NORM) are soils, rocks, sands, and others, with the 

presence of radionuclides naturally‐occurring such as the decay series of the uranium and the 

thorium. The presence of NORM in the environment affect the levels of background radiation 

encountered at different locations around the world. The assessment of background radiation 

is important because most of the man's exposure to ionizing radiation is due to natural 

sources. In addition, if NORM is used in construction or its mineral processing, changes in the 

natural radioactivity of the environment may occur [1], [2]. In the other words, the presence 

of NORM alters the dose rate of and the effective dose [1], [10]. 

 

The igneous rocks, which are formed from the cooling and solidification of the magma, are 

those that present higher levels of uranium and thorium, that is, they are NORM. Examples of 

this type of rock are the granite and basalt widely used in construction and present in various 
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regions of the Earth. In the areas with the presence those rocks the radioactive background are 

higher than the world average [10]. 

 

An example of areas with NORM rocks in Brazil is the Poços de Caldas Plateau in Minas 

Gerais, Southeastern region of Brazil. It is a populated area with several published studies. 

That is, the background radiation of the region is well known. Another example is the 

northern part of the state of Amazonas, near the border with Roraima. This region was little 

studied because it is an area with indigenous and forest reserves. Thus, to evaluate the 

background radiation of area with NORM in the Amazon region, this study selected a granite 

formation for the monitoring of the dose rates and subsequent annual dose evaluation. 

 

The site chosen was the Granito Madeira, located 350 km north of Manaus, according to Fig. 

1. In this case, the mineralization of uranium, thorium, tin, niobium, tantalum, zirconium, rare 

earths and other elements [3] [4]. The granite is currently in the process of mining. 

 

 
 

Figure 1: Study area. It is located about 350 km north of Manaus (capital of the state of 

Amazonas). 

 

 

2. RADIOACTIVE BACKGROUND OF POÇOS DE CALDAS PLATEAU 

 

SACHETT, 2002 evaluated the radioactive background of 4 cities located in the Poços de 

Caldas Plateau. For that, he used a scintillating detector of sodium iodide transported by light 

vehicle. The equipment electronics captures the absorbed dose rates and links the data to the 

geographic coordinates. This information was treated in gerontology software to present the 

results on radiometric maps with the spatial distribution of the annual doses. The results 

obtained were listed in Tab. 1 [5] 

 

Table 1: Radioactive background of the Poços de Caldas Plateau. 

 

City 
Minimum 

(nGy.h
-1

) 

Maximum 

(nGy.h
-1

) 

Average 

(nGy.h
-1

) 

Annual 

Dose 

(mSv.y
-1

) 

Águas da Prata-SP 80 164 105.60 0.65 

Poços de Caldas-MG 92 245 144.46 0.89 

Andradas-MG 67 156 98.50 0.61 

Caldas-MG 95 220 128.20 0.80 
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3. UNSCEAR REPORT 

 

The main reference for the study of human exposure to ionizing radiation is the reports issued 

by UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation) 

with data reported by member countries. In Tab. 2 follow the data on radiation of natural 

origin (radioactive background). The external dose refers to gamma irradiation in large part 

due to the presence of NORM material [1] 

 

 

Table 2:  Average annual dose and typical range of individual doses per source or mode 

of exposure. 

 

Source or mode of exposure 
Average annual dose 

(mSv) 

Typical range of individual 

doses (mSv) 

Inhalation of Rn
a
 1.26 0.2 – 10 

External dose
a
 0.48 0.3 – 1 

Ingestion
a
 0.29 0.2 – 1 

Cosmic radiation
a
 0.39 0.3 – 1 

Total
b
 2.4 1 – 13 

a
Sum of equivalent doses in organs and tissues.. 

b
Effective dose. 

 

 

4. RADIOACTIVE BACKGROUND OF GRANITO MADEIRA 

 

The northern part of the Amazon Region has its formation linked to the intense volcanism of 

the Pre-Cambrian period that allowed the mineralization of several elements in the same rock 

matrix [4]. As of these elements are present the radionuclides of the uranium and thorium 

series were formed areas with the presence of NORM. It stands out the Granito Madeira 

currently in open field mining by a local tin mining company that is the objective of this 

study. This is an extremely remote site with native forest cover in more than 95% of its area, 

as can be seen in Fig. 2. 

 

 

 
 

Figure 2: Appearance of Madeira Granite. 
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4.1. Materials and methods  

 

The equipment used in this study was a scintillator detector - Atomtex AT6101C 

Spectrometer System. It is a sodium iodide detector designed to monitor the ambient dose 

equivalent rate and an associated electronics that transfers the data to monitored computers. 

The selection of the equipment was carried out taking into account the energy range since it is 

indicated for use of monitoring of gamma radiation from 50keV to 3Mev [6] - emission range 

of most radionuclides from a family of natural uranium and family of natural thorium. 

Another important factor in the selection is the fact that it's reading, in dose rate, is in the 

range of 0.01 uSv.h
-1

 to 150 uSv.h
-1 

which is within the expected range for natural 

radioactivity (radioactive background) [1]. 

 

The equipment is portable and can be transported inside a backpack (A) - see Fig. 3. The 

scintillator (B) detected the gamma radiation. This information is transmitted (C) via 

Bluetooth to the manual receiver (D) which has a Global Positioning System (GPS). Thus, it 

associates this data with the geographic coordinates of the monitored point by creating text 

files (txt) and comma-separated files (CSV) that can be used in georeferencing or data 

processing software, such as spreadsheets, for example [6]. 

 

 

 
 

Figure 3: AT6101C Spectrometer System. 

 

The data obtained in the monitoring were treated with the software listed in Tab. 3. 

 

Table 3: Software used. 

 
Software Manufacturer Version Use 

Atas Scanner Atomtex 1 Controlling the AT6101C System.  

Garm Atomtex 1 Generate georeferenced files.  

Quantum Gis Software  livre 1.8.0 Create maps and georeferenced.  
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The Atas Scanner is the software responsible for managing the AT6101C System, that is, it 

performs the communication between the scintillator and the manual receiver, which 

associates the dose rates with the GPS data of the receiver and stores them, which makes it 

possible to read the parameters of interest in real time, which makes it possible to choose the 

time interval of information collection, among other functions [7]. It is installed on the 

handset. 

 

The GARM software (Geolocation Application for Radiation Monitoring) is installed on your 

computer. It is used for visualization of the monitored data, generation of files with 

georeferenced data, text files (.txt) and comma-separated files (.CSV) for use in other 

software [8]. 

 

Quantum Gis or QGis is software for analysis, storage, manipulation, visualization and 

management of information in databases. Thus, it is able to integrate parameters of interest, 

such as the data of this work, with a geographic information system or GIS allowing the 

visualization in sketches or maps in different projections from the files generated by GARM 

[9]. It can also be used to generate iso-value maps by the inverse interpolation technique of 

the square of the distance. 

 

4.2. Methodology 

 

Due to the characteristics of Granito Madeira such as considerable extension, impossibility of 

transit with vehicle for the most part, extremely remote areas and marked topography, the 

variable content of minerals among others, was selected unexplored areas, areas close to sites 

in the mining process and prospective exploration areas in the future for data collection. Fig. 4 

shows the location of these areas. 

 

When plugging, the AT6101 System receives the data relating to the geographic coordinates 

of the satellites. The ATAS software collects and associates this information at the ambient 

dose equivalent rates every 10 seconds. As the equipment is portable it was driven by tracks 

in the selected areas of Madeira Granite at an average speed of 4 km.h
-1

 to 90 cm from the 

ground. The total distance traveled was 37 km and more than 30,000 dose rates were 

collected. 

 

The data obtained by the monitoring were treated by the GARM software generating text files 

and comma separated files with the information of the ambient dose equivalent rates and 

geographic coordinates. Subsequently, the product of the environmental dose equivalent rate 

was performed for the number of standard one-year hours (8760 hours) to obtain the annual 

dose relative to gamma radiation: the annual potential dose due to external irradiation that an 

individual would be subject to if Stay for 1 year in Madeira Granite. The annual dose data 

were entered into the QGis which, using the inverse square-distance interpolation technique, 

was used for the creation of iso-value maps and contour lines with the annual potential doses 

of each of the monitored areas. 
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Figure 4: Location of the selected areas. In particular, Rocha Sã - current exploration 

area. 



2017 International Nuclear Atlantic Conference - INAC 2017 

Belo Horizonte, MG, Brazil, October 22-27, 2017 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR – ABEN 

  
 

5. RESULTS AND DISCUSSIONS 

 

The Fig. 5 shows the frequency histogram of the dose equivalent rates of Granito Madeira. It 

is observed that 70% of the rates are between the classes 0,47 uSv.h
-1

 and 0,77 uSv.h
-1

. The 

behavior of the graph, with rates around the mean of (0.7 + 0.4) uSv.h
-1

, indicates that the 

mining activity has not yet significantly altered the natural radiation of the monitored regions. 

 

 
 

Figure 5: Frequency histogram of the monitored ambient dose equivalent rates of 

Granito Madeira. 

 

The Fig. 6 shows the spatial distribution of annual doses relative to gamma radiation in 

Granito Madeira. The highest values of background radioactivity were found in the vicinity 

of Rocha Sã, where mineral exploration is currently occurring. This is probably due to: 

 

i) To a greater degree, the association between the radionuclides of the uranium and thorium 

decay chains and the other granite matrix materials. As in the Rocha Sã the concentration of 

the mineral of interest is higher, the concentration of radionuclides is also higher. 

 

ii) To a lesser extent, the decanting of the dust present in the atmosphere and its precipitation 

together with the rain. 

 

Comparing the results of this study with that of the Poços de Caldas Plateau and the 

UNSCEAR report it is observed that the natural radiation in the Madeira Granite is much 

higher, according to Tab 4. 

 

Table 4: Comparison of the radioactive background of the Poços de Caldas Plateau with 

that of the Granito Madeira. 
 

Local Annual Dose
a
 (mSv) 

World average 0.48 

Águas da Prata-SP 0.65 

Poços de Caldas-MG 0.89 

Andradas-MG 0.61 

Caldas-MG 0.80 

Granito Madeira-AM 6.0 + 3.0 
         a

Average     
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Figure 6: Spatial distribution of annual doses relative to gamma radiation in Granito 

Madeira. 

 

 



2017 International Nuclear Atlantic Conference - INAC 2017 

Belo Horizonte, MG, Brazil, October 22-27, 2017 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR – ABEN 

  
 

INAC 2017, Belo Horizonte, MG, Brazil. 

 

6. CONCLUSIONS 

 

 

Using a scintillator detector of sodium iodine, ambiental dose equivalent rate measurements 

were performed in areas of the Granito Madeira located to the north of Amazonas in order to 

map and evaluate the radioactive background of the region. Approximately 30,000 dose rates 

were collected with the AT6101C system. This information was classified, treated and 

georeferenced by the software listed in Tab. 3. Later, these data were used to make maps with 

the annual doses related to gamma radiation. Finally, the results obtained were compared 

with those of the Poços de Caldas Plateau. 

 

The mapping of dose rates indicated that close to Rocha Sã is the largest readings. This was 

already predicted mainly due to the greater wealth of minerals of interest at this location and, 

in the background, due to the mining activity. As a consequence of these facts in these areas 

were interpolated the highest annual doses related to gamma radiation. 

 

Compared with the Poços de Caldas Plateau, it is observed that the natural radioactivity of the 

Granito Madeira is about 10 times higher. This can be credited the different methodologies 

used and, mainly, the composition of the rocks in the subsoil. In relation to the world average, 

the radioactive background of Madeira Granite is also much higher - about 12 times greater. 

These facts should be considered for: 

 

i) Implementation of radiological protection programs. Although monitored areas are not 

workplaces, the annual average of 6mSv should be considered when they are explored. 

 

ii) Miner's decommissioning limit. When the area is deactivated, the value of 6mSv should be 

taken as the limit for decommissioning 

 

iii) Together with the mapping of more areas and relating to the composition data of the 

rocks, it is possible to prepare a plan for the extraction of ores of interest associated with 

uranium and thorium or the mining of them. 
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