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ABSTRACT 

 
Throughout history, the natural tendency of men to physically characterize their different surroundings has 

played an important role on the evolution of societies. Today, that tendency combined to the development of 

computer technologies, has allowed the accelerated growth of the Geographical Information Systems, which 

permits the analysis and manipulation of spatial data from diverse sources, producing georeferenced databases. 

The gamma radiation, one of the main contributors of human exposure to natural radiation, is known for its high 

penetration energy. Today, the environmental gamma radiation is measured through radiometric tracking mobile 

units, allowing large scale samplings and precise assessments. As a geoprocessing case study, a radiometric 

monitoring work was conducted in the town of Águas da Prata-SP using a tracking mobile system, composed by 

a scintillator detector, a GPS and a computer, all installed in a vehicle. The data made of collected points and 

their respective doses and geographical references were captured and stored in a computer software and then 

inserted and treated in a GIS environment. After a cartographic base was created using a digitalized map of 

Águas da Prata, the sampled points were plotted and interpolated with the cartographic base, producing two 

maps that demonstrate the tracking route and the gamma radiation dose range throughout the monitored area. 

Geoprocessing tools have shown great efficiency in this study, allowing agile manipulation and management of 

a large quantity of data, thus promoting a spatial analysis of natural radiation levels in the studied region.  

  

 

 

1. INTRODUCTION 

 

 

The gathering of information over the distribution of natural resources and properties has 

always been an essential part of activities of organized societies. But until recently, it had 

been done only in printed maps, preventing analyses that combined maps and data. Men’s 
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tendency to characterize their different surroundings in more complex ways, combined to the 

development of computational technologies, has allowed in the 1980’s the accelerated growth 

in the Geoprocessing field. This relatively recent technology involves multiple disciplines 

such as mathematics and computer science on the geographical information treatment and on 

the study of environmental and urban phenomena, as it is currently applied in several fields of 

study today. In a country of such dimensions as Brazil – filled with environmental and urban 

issues to be considered – Geoprocessing tools can be seen as a great potential for problem 

solving [1]. 

 

The Geographical Information Systems (GIS) are computational environments which allow 

one to analyze and manipulate a variety of spatial data. When these are integrated to 

alphanumeric records, georeferenced databases are then created [2]. The Geoprocessing 

activities consist of several stages, which may include storage, recovery and manipulation of 

spatial information (database); their combination (spatial analysis) and the generation and 

visualization of already processed data (production of maps and cartographic bases). 

 

An issue that not only permeates Brazil but the entire modern world is related to the exposure 

of men to different forms of radioactivity. It has become evident that every life form on the 

planet is inevitably exposed to radiation, whether of natural or artificial origin. The high 

energy cosmic rays (radionuclides, cosmogenic, gamma) and the natural radioactive elements 

(and their isotopes) are the main contributors on human exposure to natural radiation. Such 

elements (uranium 238, potassium 40, thorium 232 and actinium 235) can be found in the 

atmosphere, water, soil, rocks and in the system of living beings. The cosmic radiation 

(originated in space) has high penetration power and it is significantly aggravated by earth’s 

atmosphere, contributing to up to 15% of total dose of natural radiation at sea level, in 

addition to being the main source of radiation in elevated altitudes [3].  

 

The effective dose - one of the ways to quantify natural radiation – is the main indicator of 

the potentially biological effects related to human exposure to ionizing radiation, as it is 

usually expressed in millisievert (mSv). According to the United Nations Scientific 

Committee on the Effects of Atomic Radiation (UNSCEAR), each individual of the world 

population is exposed to an average annual effective dose of 2.4 mSv/year – a value that 

refers to the sum of the averages of cosmic radiation, external terrestrial radiation (indoor and 

outdoor), inhalation and ingestion – which can range between 1 mSv/year and 10 mSv/year in 

several countries [3]. 

     

Today, the available technologies allow natural radioactivity monitoring in the most diverse 

environments, as geoprocessing tools promote the spatial analysis of these data, thus 

facilitating further research in the field. Currently, natural gamma radiation may be measured 

directly through radioation tracking mobile units, allowing “large scale samplings and more 

accurate scanning” [4]. 

 

The objective of the current study is to demonstrate the application of tools and techniques of 

a Geographical Information System (GIS environment) on works of radiometric monitoring 

of urban areas, using the town of Águas da Prata-SP as a case study, and in that way 

promoting a spatial analysis of the environmental gamma radiation levels found in the 

delimited region. 
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2. LOCATION OF STUDY AREA 

 

 

The town of Águas da Prata, belonging to the state of São Paulo, is located on the limit 

between that state and that of Minas Gerais (to the North), 237km from the city of São Paulo 

– state capital – as shown on Figure 1. With a total area of 143km
2
, the town has today a 

population of 7500 inhabitants, of whom 89% are concentrated in the urban area [5]. 

 

 

 
 

Figure 1.  Town localization in southeastern Brazil. 

 

 

 

Declared a hydromineral station in 1926, Águas da Prata is located at an altitude of 870 

meters, on the slope of the Serra da Mantiqueira (a mountain range in southeastern Brazil) – 
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an area close to the Poços de Caldas Plateau, which in turn is constituted by an alkaline 

massif of volcanic nature (Figure 2). Due to its process of geological formation, this region is 

known worldwide as a high natural radiation area, being an object of study for decades [6]. In 

addition, the Vilela fountain – a natural water fountain presenting the highest known radon 

concentration found in the Americas (approximately 800Bq/L) – is located in the town of 

Águas da Prata. 

 

 

 

 

 
                                    

                             Figure 2.  Plateau region of Poços de Caldas. 

 

 

 

 

3.  MATERIALS AND METHODS 

 

3.1.  Area Monitoring 

In June 2011, a measurement process of the levels of external environmental gamma 

radiation of the urban area of Águas da Prata was conducted with the employment of a 

tracking mobile system (Eberline FHT 1376 model), composed by a high sensitivity range, 

plastic scintillator detector (5 liter volume), connected to a GPS and a notebook, all installed 

in a passenger vehicle, as shown on Figure 3. 
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Figure 3.  Tracking mobile system set up, installed 

in a passenger vehicle [7]. 

 

 

 

With the aid of Google Earth software – working on real time mode - it was possible to 

visualize and track all ways (streets, roads) that constitute the area of interest, thus generating 

a set of data composed by all monitored points (1 point per second), their respective 

geographical coordinates and their effective doses, adding to a total of 5984 points. The data 

were then captured and stored in a computer software (Mobisys) in ASCII format, then 

converted to spreadsheets, as shown on Figure 4. 

 

 
 

 
 

Figure 4.  Summary of the collected data in 

spreadsheet format. 
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3.2.  Geoprocessing Stage 

Prior to their insertion in a computational environment (ArcGis software), the data suffered an 

initial treatment, which consisted in the organization of files in a MS Excel spreadsheet, 

where the information was formatted in specific configurations, required by the software in 

use. The simplified spreadsheet (containing all 5984 monitored points, effective doses and 

geographical coordinates) was then converted into a database file (DBF) – the appropriate 

format for the specific software. 

 

In order to project a cartographic base of the studied region, a digitalized map of the town of 

Águas da Prata was obtained within the official website of the Brazilian Institute of 

Geography and Statistics (IBGE). Such file (map), originally obtained in PDF format, 

suffered a process of conversion to RGB format, for the subsequent insertion in the software, 

followed by its georeferencing and delimitation of the monitored region (town’s urban area). 

 

Using the georeferenced cartographic base and the inserted database (localization and dose 

rate of each sampled point), it was then possible to conclude the next stage of the process, in 

which the already plotted points were interpolated through one of the statistical methods 

available in the ArcGis software - the Inverse Distance Weighted (IDW) - thus allowing the 

distribution of the effective dose ranges of external gamma radiation in the delimited area. 

 

 

 

4.  RESULTS AND DISCUSSION 

 

Through the ArcGis software and from the dose rates obtained for each of the 5984 

monitored points, a histogram - representing the effective dose range distribution of external 

gamma radiation - was produced (Figure 5). 

 

 

 
Figure 5.  Effective dose distribution over the 

urban area of Águas da Prata, SP. 

 

 

The statistics presented by the indicated a minimum dose value of 0.1 mSv/year and a 

maximum of 0.8 mSv/year, with a mean of 0.28 mSv/year and standard deviation of 0.05. 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

The process of interpolation of data described earlier resulted in the production of two maps. 

The first one (Figure 6) illustrates the localization of all sampled points, thus demonstrating 

the tracking route and dimension sense of the monitored area (approximately 2.2 km
2
). 

 

 

 

 

 
 

    Figure 6.  Monitored area and tracking route. 

 

 
 

The second map indicates the external gamma radiation dose range (effective dose), in 

mSv/year, throughout the monitored area. The map produced through the IDW method 

presents five value ranges indicated by different colors, easily allowing one to observe that 

doses ranging from 0.2 to 0.4 mSv/year are dominant in the area. Doses over 0.4mSv/year 

were observed in a very low percentage of monitored points, as were mostly concentrated in 
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three small regions of the urban area (north, central and extreme east), as indicated below 

(Figure 7). 

 

 

 

 

 
Figure 7.  Interpolated map, effective dose of 

external gamma radiation. 

 

 

 

According to UNSCEAR, the typical annual rate values of external gamma radiation for open 

environments range between 0.06 mSv/year and 1.23 mSv/year, with an average of 0.36 

mSv/year (considering only the transformation factor of 0.7 – an instruction recommended by 

the Committee). As already mentioned, the values detected in this study ranged between 

0.1mSv/year and 0.8 mSv/year, averaging 0.28 mSv/year.  
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5. CONCLUSIONS 

 

 

Despite the studied area’s proximity to a region of radioactive anomaly, the average dose 

found in the town of Águas da Prata (0.28 mSv/year) is not only lower than the average value 

observed by UNSCEAR (0.36 mSv/year), but also quite lower than the average dose values 

found in others towns of the Plateau region - Poços de Caldas (0.89 mSv/year) [8], Andradas 

(0.61 mSv/year) and Caldas (0.80 mSv/year) [4].  

 

The maps produced in the ArcGis software promoted an easy way to understand the results 

through statistical information and clear visual analysis of the studied area. 

 

Such geoprocessing tools and activities have shown great efficiency in this study, allowing 

agile manipulation, management and “spatialization” of a large quantity of data, thus 

promoting a spatial analysis of natural radiation levels in the studied region, and therefore 

allowing a wider comprehension of the issue. The tracking mobile system, combined to the 

geoprocessing technology, provides an efficient method for measuring natural external 

radiation in large areas. 
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