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ABSTRACT

The main objective of this work is to statically and graphically describe the exposure of the Brazilian population 
to natural background radiation. In this stage, doses due to cosmic rays is being assessed based on sea level dose 
rates, corrected by latitude and altitude, according to the model recommended by UNSCEAR. In this work, the 
doses were estimated for all Brazilian municipalities with more than 100.000 inhabitants. The 253 
municipalities selected for this study include about 52% of the Brazilian population. Average dose rate was 
estimated to be about 50 nSv/h with a variation coefficient of 31%. The estimated doses have shown a strong 
influence of altitude on dose rates, with a correlation coefficient of 0,998 for an exponential fit. This result 
confirms previous studies that show a large effect of the altitude on exposure from cosmic radiation. 
Considering the same occupation and shielding conditions used by UNSCEAR as global averages, average 
annual dose was estimated to be 0,37 (0,24 -  0,76) mSv/y, very close to UNSCEAR worldwide average of 0,38 
(0,3 -  1,0) mSv/y.

1. INTRODUCTION

Exposure to natural sources is due to two main sources, cosmic radiation and terrestrial 
radiation sources. It is a well known statement that exposure from natural sources is the main 
contribution to overall exposure to ionizing radiation for most of the world’s population. 
However, very few studies focus on the exposure on the exposure to cosmic radiation at 
ground level although this source is responsible to about 16% of total exposure to natural 
background radiation, being then higher than the contribution of about 12% from ingestion. 
Cosmic radiation is known to vary with latitude and altitude, besides variation due to solar 
cyclic events. Exposures are also modified due to indoors occupancy rates and shielding 
factor provided by building materials [1].

The objective of this work was to investigate the doses from exposure to cosmic radiation in 
Brazil. This work is part of a project aiming to create thematic maps for the country related to 
different sources of ionizing radiation. Although there are several studies on exposure to 
cosmic radiation associated to commercial air flights in Brazil, very little information could 
be found on measurements of dose rates at ground level in the country. It was the decided to 
assess exposures from geographical information and models available in literature.
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2. METHODOLOGY

2.1. Defining the scope of the assessment

The study area was selected from census data on the population of Brazil in 2010. It was 
initially selected all municipalities listed by IBGE as having more than 200,000 inhabitants 
[2]. After this initial selection, including 126 municipalities, it was found that not all 
Brazilian states were represented by at least one municipality; besides that, it was also 
verified that a percentage lower than 50% of the population would be included in the 
assessment. Thus, the selection has been extended to include all municipalities with over
100,000 inhabitants. 252 municipalities have then been selected, and, together with the 
Federal District, they composed the sample for the study. This selection comprises about 52% 
of Brazil's total population.

2.2. Gathering data for municipalities

Main data needed to assess exposures to cosmic radiation are the geographical location and 
the altitude of the areas. These data were selected using data provided by IBGE municipal 
databases and from data collected with the Google Earth program [2, 3]. When using Google 
Earth, location for defining the geographical characteristics of each municipality was taken at 
the reference location provided by the program for the main town of each municipality.

2.3 Modeling exposures

To calculate doses due to cosmic radiation, the models used by UNSCEAR have been used 
[1]. In a first step, doses for each municipality were estimated as sea level doses as a function 
of the latitude, according to data on Table 1.

Table 1. Effective dose rate at sea level as a function of latitude (nSv h-1) [1]

Latitude
(degrees)

Effective dose rate (nSv h'1)

Directly ionizing component Neutron component

80-90 32 11

70-80 32 11

60-70 32 10,9

50-60 32 10

40-50 32 7,8
30-40 32 5,3
20-30 30 4,0
10-20 30 3,7
0-10 30 3,6

The values obtained were then corrected by the reference altitude for each municipality, 
according to the equations provided by UNSCEAR [1].
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The effective dose rate for the directly ionizing component of cosmic radiation at altitude z, 
e(z), was calculated by:

e(z) = e (0) [0,21 exp (- 0.1649 z) + 0,79 exp (- 0.4528 z)]

where e(0) is the effective dose rate due to the directly ionizing component at sea level (z = 
0), and z is the altitude, in km.

The effective dose rate for the neutron component of cosmic radiation at altitude z, en(z), was 
calculated by:

en (z) = en (0) [b exp (a.z)]

where en (0) is the dose rate component due to the neutrons, at sea level, and z is the altitude, 
in km. Parameter b has a unit value (b = 1) and parameter a has a value dependent on 
altitude, such that:

a = 1 for z < 2 km and a = 0,7 for z > 2 km

In the case of this study, all altitudes are less than 2 km and thus a = 1.

Individual doses were estimated considering an indoor occupancy rate of 20% and a shielding 
factor of 0,8, as proposed by UNSCEAR for the energy spectrum expected at sea level [1].

Collective doses were calculated by multiplying individual doses by the number of residents 
for each municipality. Per caput doses for each state was estimated by the sum of collective 
doses for all municipalities divided by the total number of residents. Per caput doses were 
used to extrapolate estimated doses to the states and to the country.

3.RESULTS

The statistical summary for the 253 municipalities considered in this study is presented in 
Table 1. It is observed that the estimated average per caput dose for Brazil, considering all 
municipalities with more than 100,000 inhabitants is 0.37 mSv / a; this value is very close to 
the world average estimated by UNSCEAR (0.38 mSv /a). The values ranged from 0,24 
mSv/a at Macapa, AP, up to 0,76 mSv/a at Pocos de Caldas, MG. The range is a little smaller 
than that cited by UNSCEAR, because no towns at high altitudes have entered in the analysis 
towns. The largest altitude was 1235 m, for Poços de Caldas.

The altitude was shown to be responsible by most of the variability among the different sites. 
In fact, a exponential regression between effective doses and altitudes (Figure 1) showed a 
correlation coefficient of about 0,998.
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Figure 1. correlation between effective dose rates and altitude

The population considered was 98,636,881 people, roughly 52% of the population, according 
to the 2010 Census [2] (190,732,694 people). The estimated collective dose for this 
population was manSv 36,693 / year. Considering the average dose per caput, it is estimated, 
for Brazil, a total collective dose around 71,000 manSv/year due to exposure to cosmic 
radiation.

The number of counties in each state was considered quite variable, from only one 
municipality in the states of Acre, Amapá, Roraima and the Federal District, up to 70 
counties in the state of São Paulo. Figure 2 summarizes the results obtained for the per caput 
dose for all Brazilian states. Figure 3 shows the geographic distribution of dose from 
exposure to cosmic radiation in Brazil, based on the 253 municipalities considered in this 
study.

Figure 2. Per caput doses from cosmic radiation assessed for all Brazilian states
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Figure 3. Brazilian map for estimated doses from external exposure
due to cosmic radiation
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3. CONCLUSIONS

The presented results should be considered as preliminary, since it could not be found in the 
available scientific literature, measurements that could validate the estimated dose rates. 
Moreover, no consideration was given to the altitude variations within the same municipality 
because the number of residents associated with the altitude is also not available. The results 
also should be viewed as averages, since the model used has been developed for this purpose, 
and does not consider the fluctuations associated with usual variability on cosmic rays in the 
atmosphere and on the effect of solar cycles.

The estimated average dose due to exposure to cosmic radiation for the Brazilian population 
was 0,37 mSv/a. This value is quite similar to the world average dose estimated by 
UNSCEAR, of 0,38 mSv/a. The range obtained in Brazil, however, was smaller than that 
presented by UNSCEAR as the normal range for this exposure in the world, mainly due to 
the fact that the selected municipalities, which correspond to municipalities with more than
100,000 inhabitants, are all located at altitudes below 1,2 km.
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