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ABSTRACT 
 
An assessment of external gamma dose was carried out in some urban areas in the city of Goiânia - GO - Brazil, 

allowing to infer the contribution of this component to the average annual effective dose value for the 

population leaving in that region. The measurements were done using a vehicle with a mobile radioactivity 

measurement system, Thermo-Eberline FHT 1376, consisting of plastic scintillation detector and a Global 

Position System (GPS), which is able to collect gamma dose rate as well as the local spatial coordinates. These 

data, associated with those from national census, provided by Brazilian Institute of Geography and Statistic, 

were analyzed using the ArcGIS software, a well known Geographical Information System - GIS. As the main 

result, radiometric maps were produced, illustrating how effective dose values are distributed within the selected 

areas and also correlating the collective dose values for these populations. Around 57,000 georeferenced 

effective dose values were measured in the so-called Campinas-Centro and Sul Regions, which are two of the 

seven regions Goiânia is divided in for administrative purposes. The dose rates ranging from 10.4 to 

192.7 nSv/h with an average of 22.4 nSv/h, which means 0.20 mSv/year as the annual effective dose. This 

values are lower than the worldwide average effective dose value of 0.46 mSv/year for outdoor exposures from 

terrestrial radiation sources) and lower than the previous average values found in Brazil for the regions of Poços 

de Caldas, Guarapari, Andradas and Caldas. Actually, the average value is comparable with those observed in 

the Ribeirão Preto – SP - Brazil City.  

 
 

1. INTRODUCTION 
 

In Goiânia city it is common to observe in some social groups, such as the medical society, 

academy and communication (media), the association between cancer incidence and the 

1987’s Goiânia radiological accident. Moreover, data from Population-Based Cancer Registry  

published in 2010 [1] by Cancer National Institute - INCA, which investigated 17 

municipalities from 2000 to 2005, reveals that Goiânia figures between the three cities where 
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the major cancers incidence were observed. That survey did not taken into account that there 

were great improvements in both cancer diagnose and population access to these kinds of 

medical procedures. Indeed, these combined factors might explain the observed data.  

 

To deal with the risk perception among those social groups it is crucial to continue on with 

the researches designed to provide reliable information and then communicate it to 

stakeholders. This research was properly planned to contribute in that area by monitoring 

natural and artificial external radiation in Goiânia city, including the most affected areas by 

the 1987’s radiological accident. The main purpose of this project is to provide a dose rate 

database over Goiânia’s road network aiming to: i) assess the level radiation dose to which 

the population is exposed and ii) provide technical support for social communication of 

Brazilian Commission for Nuclear Energy.  

 

As a reference, the methodology applied by United Nations Scientific Committee on the 

Effects of Atomic Radiation- UNSCEAR [2] was used, which takes into consideration the 

dose and the population density to calculate the so-called worldwide average population-

based effective dose. In the latest UNSCEAR report [3], the worldwide average radiation 

exposure from natural sources was published as 2.4 mSv/year, from which 0.48 mSv/year is 

due to external terrestrial radiation (from indoors and outdoors sources), 0.39 mSv/year is due 

to cosmic and cosmogenic radiation, 1.26 mSv/year is from inhalation exposure (including 

radon) and, finally, 0.29 mSv/year is due to ingestion exposures. Several countries have 

contributed for this report, but there are not enough data available from Brazil exposures 

from natural gamma radiation in order to infer an average effective dose to its population, 

specially for urban groups [4].  

 

 

2. EXPERIMENTAL 
 

External (outdoor) gamma dose rates were assessed through twelve urban areas in the city of 

Goiânia-Brazil. The first stage of this research encompasses the monitoring of streets located 

in two of the seven macro-regions Goiânia is divided in for administrative purposes: 

Campinas-Centro and Sul. The following sectors (districts) located within Campinas-Centro 

area were investigated: Central, Aeroporto, Funcionários, Leste Universitário, Vila Nova and 

Norte Ferroviário. In the Sul region the sectors Sul, Marista, Bueno, Oeste, Jardim Goias and 

Pedro Ludovico were covered. 

 

To accomplish that task a mobile radioactivity system (Thermo Eberline/FHT 1376 MobiSys) 

was used, consisting of a 5-liter plastic scintillation detector coupled with a Global 

Positioning System (GPS) and a computer (Figure 1). These devices are stored in a special 

case to be easily transported inside a vehicle. Along with a computer and an antenna, the 

system needs to be supplied with an external voltage of 12 V. The system allows that gamma 

dose rate measurements and spatial coordinates to be recorded once every second through the 

program MobiSys. 

 

It is not rare that more than one dose rate is measured at the same coordinates, which leads to 

undesired increasing of the database. To overcome that setback, as well as to provide a unique 

spatial information (one dose rate for each coordinate), the software Mobconv was used. The 

latter does the calculation of dose rate average for duplicate coordinates. After those 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

corrections the data were exported from the proprietary format to ascii format, and finally 

converted into dbf files to be used in the Geographical Information System –GIS.  

 

The radiometric information was correlated with the number of people exposed to natural 

radiation using the database of the census sector provided by Brazilian Institute of Geography 

and Statistic - IBGE [5]. The census sector is the smallest territorial unit with identifiable 

physical limits on the field that has suitable dimensions for research operations throughout 

the country. Geographical maps provided by the City Hall were also used. 

 

All georeferenced information was analyzed in a Geographic Information System (GIS), such 

as the ArcGIS software, enabling to plot radiometric maps as well as to formulate radiometric 

maps correlating collective dose values for people living in the area, using the national census 

information. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1.  Block diagram representing the set up system composed by GPS, MobiSys 
program installed in a portable computer and plastic scintillator assembled in the 
vehicle. 
 

The mobile system response to effective dose was verified in an outdoor calibration facility 

that is permanently settled at the Radiological Protection and Dosimetry Institute 

(IRD/CNEN), which consists of eight well characterized concrete disks built using uranium, 

thorium and potassium ores[6]. The measured values present a deviation that is less than 10% 

of those calculated by Monte Carlo Simulation as well as those measured by high resolution 

gamma ray spectrometer [7].  

 

 
3. RESULTS AND DISCUSSIONS   

 

So far, 57,300 georeferenced dose rate points, spread in twelve different regions in Goiânia 

City, were measured. Figure 2 indicates the frequency distribution versus effective dose rate 

for the total area studied. The effective dose rate values ranged from 10.4 up to 192.7 nSv/h 

with average 22.4 nSv/h or 0.20 mSv/year. These values have already taken into account the 

0.7 factor suggested by UNSCEAR to convert dose in the air into effective dose.  
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Figure 2. Frequency distribution of all dose rate values collected 

in the area studied in Goiânia. 

 

 

 

These data were geoprocessed, aiming to produce a radiometric map. In order to do that the 

outdoor gamma radiation dose rate values are distributed in dosimetric bands to which colors 

were assigned (Figure 3). This procedure was used to facilitate visualization of the spatial 

distribution of outdoor gamma radiation dose rate in the city because the volume of data is 

large, making its interpretation quite difficult.  

 

It was observed that the dose rate is quite homogeneous over the investigated area, with the 

majority of the dose rate data being lower than 35 nSv/h. The only exception was observed in 

front of the area where the 1987 radiological accident took place. In that location the highest 

value was 275 nSv/h. It is important to point out that this value was lower than that observed 

some location in a similar investigation of natural radiation in the region of Poços de Caldas 

Plateau. 

 

In order to apply the UNSCEAR approach, it is required to analyze the dose data associated 

with population density in the area. The census sector allows a spatial approach and 

integration of demographic and radiological data facilitating inter-relation of information 

from various databases. To count the population of Goiania in 2000, IBGE produced 1088 

sectors with 795 variables on characteristics of households and residents. The total population 

of the urban area of Goiânia City was 1,084,594 inhabitants. Up to now, 188 sectors 

totalizing 154,694 inhabitants were mapped. 

 

In this work each census sector received population (Figure 5) and radiometric information 

(Figure 6), which enabled the development of radiometric maps with estimated average dose 
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rate by census sector and a population map containing information on the number of 

inhabitants of each sector.  

 

 

 

 
 

Figure 6:  Dosimetric map of the urban area of Goiânia City. 
 

 

 

When multiplied, these two maps produced a product of the average dose rate to the 

population in each census sector. This result represents the collective dose to the population 

that lives in studied area which, according to the standard CNEN-NN-3.01[8], is defined as 

the product of the number of individuals exposed to a source of ionizing radiation by the 

average distribution of effective dose of these individuals. The collective dose is expressed in 

person-Sievert (Figure 7). 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

 

 
Figure 5: Population distribution according to each census 
sector in the urban area of Goiânia City. 

 

 

 

The estimate of a typical value of average dose for the population of Goiânia City was 

determined by summing the products of the dose and the population in each area divided by 

the total population (equation 01). 
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In which  

Dp is equal to average effective dose due to outdoor gamma radiation,  

di = dose rate in the sector i,  
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pi = number of people living in census sector i and  

pt = total population of Goiânia City. 

 

 

 

 
 

Figure 6:  Dosimetric map of the urban area of Goiânia 
City, organized by census sector.  

 

 

 

The sum of the products of the dose per individual is 29,416.32 and the total population of 

Goiânia in the studied area found by IBGE is 159,694 inhabitants. Finally, the annual 

population-based effective dose for external outdoor exposure is 0.19 mSv year
-1

. It is 

interesting to notice that both approaches, based on population and arithmetic mean, lead to 

similar results.  
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Figure 7: Collective dose map of urban area  of Goiânia City. 
 
 

 

It can be stated that the dose rate as well as the annual effective dose in Goiânia is lower than 

those reported by UNSCEAR. According to its latest report the worldwide annual effective 

dose from natural radiation sources ranges from 1.0 to 13 mSv, and presents an average value 

of 2.4 mSv. From that, about 0.3 to 1.0 mSv are due to terrestrial radiation (indoor and 

outdoor), being 0.48 mSv from outdoor average effective doses. 

 

This average value is also low when compared to values from other studies performed mostly 

in areas of higher radioactivity levels as Poços de Caldas, Guarapari, Andradas, Caldas [9, 

10, 11], where the dose rate can be as high as 88.9 up to 144.5 nGy/h [9, 10, 11]. The average 
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population-based value is comparable with the observed value in the Ribeirão Preto City – SP 

– Brazil, which is 0.17 mSv/year [4]  

 

 

4. CONCLUSIONS  
 

Geoprocessing, associated with radiation monitoring mobile system (equipped with NBR – 

natural background rejection technology) have proved to be a powerful tool for radiation 

assessment in large areas. It allowed visualization of effective dose over some areas of 

Goiânia City, which is an important instrument for CNEN social communication. 

 

It can be stated that 0.19 mSv/year is the population-based average effective dose (from 

external exposure) for Goiânia population. Even though this study did not account for indoor 

exposures, it may be feasible to suggest that the contribution from these is comparable to 

outdoor source exposures, i.e. not far from the 0.19 mSv/year average.  

 

The values observed proved that Goiânia as a whole can be classified as an area of normal 

radiation levels from an external dose point of view, which means that radiation effects over 

public health might not be greater than those observed in others Brazilian cities.  
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