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ABSTRACT 

 

 
Regions with different levels of natural radionuclides should be investigated from the radioecological viewpoint, 

to establish protection criteria for environment and the population. The municipality of São Mamede in the state 

of Paraiba, is one of the closest of the uranium deposit in Espinharas - PB, and can be influenced, given its 

geological formation, which justifies conducting environmental dosimetric studies. The United Nations 

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) established in 2008 a value for the 

environmental equivalent effective dose rate of 2.44 mSv / y, considering the different forms of exposure and 

outdoor environments and internal. The calculation for estimating the outdoor dose rate considered a factor of 

0.2, which corresponds therefore to a dose rate of 0.46 mSv / y for these environments. The objective of this 

study was to determine the levels of natural ionizing radiation that municipality using estimated effective dose 

rate measured in air and 1.0 m from the surface, points to the presence of rocky outcrops using portable detector 

with discriminator combined probe of NaI (Tl) and BGO. The experimental setup allowed the evaluation of 

eighty-one points, dose rates ranged from 0.34 to 4.0 mSv / y, with an average of 0.76 mSv / y, exceeding the 

global average by a factor of 9, which characterizes the need to investigate the dosimetry for internal 

environments, which can define criteria to check a possible estimate of radioecological risk.  
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1. INTRODUCTION 

 

Radioactivity is present in all of Earth's environment since its formation, whether in the 

earth's crust or below it, beyond the atmosphere, constantly exposing to radiation all 

organisms and living beings on the planet. A large part of radiation exposure is attributed to 

cosmic or terrestrial radiation of low-intensity . In addition to natural sources of radiation, the 

increased use of natural radionuclides in human activities provided an increased 

incorporation of anthropic radionuclides in the environment. These factors provided an 

increase in exposure levels of humans, which aroused, for most countries, an increasing 

attention of radiological protection initiatives because it increased the possibility of the 

biological damage associated with exposure to radiation . Considering this aspect, it is cited 

concern of countries of constant monitoring of the ecosystem in view of their protection and 

the human being (UNSCEAR, 2000). 

 

Environmental radioactivity is originate from natural sources or radioactive contamination of 

the environment caused by human sources. Natural radiation sources come from cosmic rays, 

the radionuclides produced by the interaction of cosmic radiation with the atmosphere, and 

primordial radionuclides 
40

K, 
87

Rb, besides the descendants of natural 
238

U and 
232

Th series, 

which produce the greatest contribution to the human exposure at environmental levels 

compared to all sources of terrestrial radiation. It is worth highlighting mainly terrestrial 

radionuclides that have half-lives long enough to allow the activity to remain there even 

today (KANNAN et al., 2002; SUJO et al., 2004). 

 

In general, exposure to natural radiation sources do not reach worrying levels of exposure, 

but certain technological activities may increase the risk. The earth's crust contains 

radionuclides that are the largest source of Naturally Occurring Radioactive Material 

NORM). Most of these radionuclides belongs to decay chain beginning with 
238

U and 
232

Th. 

In some industrial practices involving natural resources, these radionuclides are concentrated 

to a degree that can generate risks to humans and the surrounding environment, if not 

controlled. This possibility has been investigated for some time, making it a subject that has 

attracted much scientific and social interest (PERRY, 2011). 

 

Addressing the need for a regulation on the protection against ionizing radiation, the United 

Nations, in 1955, constituted  a committee dedicated to the study and regulation of the effects 

of atomic radiation, called UNSCEAR (United Nations Scientific Committee on the Effects 

of Atomic Radiation). This, together with the International Commission on Radiological 

Protection (ICRP) are conceptualized as higher entities worldwide to considerations and 

evaluations of biological effects of radiation on humans. Both have publications that 

represent the basis for protection against ionizing radiation, which is used worldwide. 

 

The UNSCEAR estimates that the average total effective dose per person due to natural 

radiation is 2.44 mSv.y
-1

 in areas considered normal (TZORTZIS; TSERTOS, 2004; 

SANTOS JUNIOR et al., 2006). Regions with doses above this primary limit, require 

radiometric monitoring. It should be noted that the reference value of UNSCEAR (2000), 

takes into account the different contributions of the natural ionizing radiation, such as 

external and internal radiation to the body, external and internal compartments of the 

environment, cosmic rays and cosmogenic and terrestrial radionuclides, with weights defined 

in function of modeling and based on the total effective dose rate. Therefore, the results 
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obtained for the different compartments are estimated indirectly, considering, modeling tools 

such as Monte Carlo method. 

 

This reference allows to establish the radiometric profile of different regions of the planet, 

allowing the monitoring of the environment, assessing the behavior of radioactive elements in 

the various compartments of the ecosystem and can be used as a tool for an accurate 

diagnosis of the environmental impact in certain areas considered anomalous. 

 

In the 70 and 80's studies conducted by NUCLAN-NUCLEBRÁS in Paraiba backlands, 

revealed the existence of a deposit of uranium oxide located in São José de Espinharas where 

the amount is between 10 to 12 tons of strategic reserve (DNPM, 2009). 

 

Currently there are few references in the literature about studies related to environmental 

radiation dose or about the radionuclides present in rocks in northeastern Brazil, specifically 

in São Mamede, where most jobs are destined for the northern hemisphere, being the region 

most affected by nuclear tests. 

 

The Radioecology Group of the Department of Nuclear Energy (DEN) of the Federal 

University of Pernambuco (UFPE) has been studying regions of the Northeast, especially in 

areas adjacent to uranium deposits, to assess the influence of these on the populations of the 

adjacent municipalities. Among these areas the highlight is the São Mamede, located to 46 

km from the uranium mine of São José de Espinharas, being an area of great interest to 

unexplored research. 

 

In view of the above, the aim of this study was the environmental dosimetric study with an 

estimate of the total effective dose rate due to natural radiation, using a portable gamma 

spectrometry system Nal type (Tl) -BGO, thus contributing to a better understanding of 

radiometric conditions of the municipality as well as the assurance of radiation protection 

principles of the directly affected population. 

 

 

2. MATERIAL AND METHOD 

 

2.1.  Study Area 

 

The study area is located in São Mamede, Paraíba State, Northeast Brazil, with an 

approximate geographical location between latitudes 06º 54 '53.2' 'and 06º 56' 08.7 '' S and 

longitude 37 02 '34.2' 'and 37 06' 44.9 '' W (WGS 84). Most of its territory is made of 

resistant and antique rocks, dating back to the Precambrian with more than 2.5 billion years, 

forming a crystalline complex that favor the occurrence of various types of minerals. Several 

igneous and metamorphic rocks, marketed as "Granite", esthetically exotic, most traded 

abroad, occur throughout the city, dominated by crystalline lands, they are also found 

ornamental coating (granitic and quartzites). 

 

From socioeconomic viewpoint, the study area has an area of 607 km
2
 and a population of 

8,018 inhabitants, of which 69.4% live in urban areas. The economy is mainly supported by 

the activities of the primary sector, concentrated in agriculture, with the participation of 75% 
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of municipal income. In agriculture it highlights the cotton plantations, beans, corn and 

cassava, and livestock of bovine creations, goats and sheep (IBGE, 2010). 

 

São Mamede is located approximately 46 km of the uranium mine of São José de Espinharas 

and may suffer some influence of this deposit or present anomalous of uranium along the 

area, possibility associated with the type of rocky composition present in the region, as well 

as due to the city's location. There are currently no data on the natural radiation dose rate or 

about the composition of radioisotopes present in the rocks of São Mamede, justifying the 

choice of this area for study. 

 

 

2.2.  Experimental Arrangement 

 

2.2.1. Gamma surveyor System 

 

To carry out monitoring in situ was used a type discriminator detector system, brand: GF 

Instruments, Gamma Surveyor model, consisting of a combined probe with scintillators type 

NaI (Tl) and BGO (bismuth germanate), with volumes of approximately 350 cm³ and 103 

cm³, respectively. 

 

The detector has a base with extremely compact electronics that combines a source, 

preamplifier and multichannel acquisition board with 512 channels available, which can be 

connected to the PC through a USB cable. This detector allows determining environmental 

radiometry by measuring the total environmental effective dose rate or parcial effective dose 

rate for the primordial radionuclides (eU, eTh and 
40

K) directly at the site of investigation, 

following the radioelements Mapping Guide using Spectrometry Gama data, established by 

the International Atomic Energy Agency, TECDOC-1363 (IAEA, 2003). In this study, it was 

decided to measure the total dose rate, calculated by the interaction of ionizing radiation with 

the air, which does not give dosimetry directly in individuals exposed, but rather, the 

environment, based on the relative values adopted by UNSCEAR (2000). 

 

2.2.2 Calibration system gamma surveyor 

 

Calibration of portable spectrometer Gamma Surveyor range has been established in a 

previous work (SILVA, 2014), using a source of 
137

Cs of the Metrology Laboratory of 

Ionizing Radiation (LMRI in portuguese) of the Department of Nuclear Energy (DEN in 

portuguese) of UFPE. 

 

The calibration geometry was used of the type longitudinal axis, with the detector 

perpendicular to the beam of radiation, having as a reference point the geometric center of the 

sensitive volume of the detector, as shown in Figure 1. 
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Figure 1: Experimental arrangement of the calibration system. 

 

 

The laboratory background radiation for the measurement was 0.18 Gy.h
-1

, while the dose 

rates used for calibration in air varied from 2.0 to 20.0 μGy h
-1

. Based on the calibration 

arrangement adopted, it was possible to construct the calibration line of Figure 2, correlating 

the indication of the instrument and dose rate of air. 
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Figure 2: Straight calibration of the measuring range Surveyor system. 

 

By experimental parameters obtained on the straight calibration of Figure 2, was established 

Equation 1, the value of the correlation coefficient (r) was 0.99422. This equation, allowed us 

to calculate the total effective dose rate for each monitored point, which takes into account 
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the dose rate of conversion coefficients absorbed in the air to obtain the total effective dose 

rate. 

 

(1.92295 1430.87) 0.00614EH D     (1) 

 

The "
E

H " represents the total effective dose rate mSv.y
-1

, " D " total absorbed dose rate, 

expressed in nGy.h
-1

, and 0.00614 is a setting value which takes into account the conversion 

factor of absorbed dose in environmental effective dose, whose value is 0.7 Sv Gy
-1

, and the 

occupation factor, which in this case took into account the climate of the region, the activities 

and the permanence of individuals in the city studied (CAVALCANTE et al., 2011), which 

provided the highest rate estimated total effective dose related in air at 1 m from the surface. 

 

2.2.3 Monitoring in situ 

 

To estimate the environmental radiation levels, measurements were performed in situ in a 

systematic way, in different parts of São Mamede and in areas with rocky outcrops, prevalent 

in the city. Monitoring was performed at two sampling regions. Region 1, comprising the 

urban area of São Mamede. Region 2 is located along the rocky outcrops of the rural area of 

the municipality. 

 

The choice of monitored sites was not a predetermined fact, since there was no information 

about radioactive anomalies in the region, and their identifications made as a result of 

radiometric work in the municipality of São Jose de Espinharas and adjacent municipalities, 

enabling the identification of isolated spots with different levels of radiation. 

 

In the present study, we monitored a total of eighty-one points in the two regions, with 

measurements performed in triplicate, in the air, 1 m from the surface and with a standard 

acquisition time of 540 seconds. At each sampling location coordinates were recorded using a 

global positioning system (GPS), and measurements were made of the absorbed dose rate 

(nGy.h
-1

). 

 

The results in absorbed dose rates were adjusted according to the standardization of the 

calibration Metrology Laboratory of Ionizing Radiation (MRLi) of the Department of 

Nuclear Energy (DEN) of the Federal University of Pernambuco (UFPE), TECDOC 1363 

(IAEA, 2003) and UNSCEAR (2000), estimating the total effective dose rate with 

extrapolating to one year, as shown in item 2.2.2. 

 

 

3. RESULTS AND DISCUSSION 

 

In Figure 3 are presented the data of the total effective dose rates obtained for the entire study 

area where it is evident the heterogeneous behavior of distribution, and it was observed that 

the rates of total effective doses measured at points 003, 009 , 044 and 046, showed much 

higher values than average, which was attributed to the sites of these measures, ie, the rocky 

outcrops with the highest radiation levels in the area; in this case, characterized as isolated 

and occasional occurrences, since not all granite outcrops showed different levels for the 

primordial radionuclides, although the uranium geochemical cycle already provide this 
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behavior for this type of rock, i.e., higher concentrations of minerals radioactive, however, 

these levels are considered atypical. 
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Figure 3: Straight calibration of the measurement system Surveyor range. 

 

In Table 1 is described the descriptive statistics for the monitored points in this work. The 

results of this statistical study showed a large scatter among the data, which characterize 

differentiated total effective dose rates throughout the monitored area, with results ranging 

from 1.71 to 20.29 mSv.y
-1

, and an average value of 3.79 mSv. y
-1

. The great variability of 

the data starts to influence the calculation of the average dose rate, compromising an accurate 

diagnosis of radiometry in the region. 

 

Table 1: Descriptive Statistics Data. 
 

PARAMETER DOSE RATE (mSv.a
-1

) 

N 81 

Minimum  1.71 

Maximum 20.29 

Amplitude 18.58 

Arithmetic Average  3.79 

Standard Deviation  2.84 

Coefficient of variation (%) 74.87 

Median  2.67 

Mode  3.04 

1
st
 Quartile  2.47 

3
rd

 Quartile  3.73 

Average Grouped  4.09 

Asymmetry  3.36 

Kurtosis 14.64 
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It is also shown in Table 1, that the obtained value for the coefficient of variation is 74.87%, 

highlights the heterogeneity of sample data, with levels of dispersion that must be taken into 

consideration before an inference about the empirical data of the affected region. The 

distribution of dose rates, from the relationship between the values of arithmetic mean, mode 

and median, that is average test, showed that the normal values presented positive 

asymmetry. 

 

Due to the heterogeneity of the effective dose rates, a new estimate of the isodose distribution 

was performed, in this case considering subdivisions for the city, ie a division by sectors was 

made, classified in this work as an urban and rural area. In Figure 4, the monitored points and 

actual dose rate values for each area are shown. These figures reveal important information 

regarding the potential radioecological risk of these areas, particularly at rural area. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effective dose rates for the rural and urban area. 

 

It can be seen in Figure 4 the existence of different values in the two regions and identified 

points with different results in rural areas, and a more homogeneous behavior in the urban 

area. The high values in rural areas are related to the high presence of radionuclides in 

igneous and metamorphic rocks (UNSCEAR, 2000) present in the relief of the countryside of 

São Mamede. 
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In Table 2, the descriptive statistics are presented for total effective dose rates in the air to the 

urban and rural areas of the study area. It can be highlighted that, in rural areas, the annual 

effective dose rate varied from 1.82 to 20.29 mSv.y
-1

 with an average of 5.05 mSv.y
-1

. On the 

other hand, in urban areas, the effective dose rate ranged from 1.71 to 2.97 mSv.y
-1

 having an 

average of 2.42 mSv.y
-1

, which allows to observe heterogeneous dose rates over of the whole 

area with a higher value being registered at point 44 (20.29 mSv.y
-1

), as a result of the 

presence of uranium and thorium minerals in higher concentrations in the rocks, noting 

abnormal levels of radionuclide at this point. 

 

 

Table 2: Descriptive statistics by sector. 

PARAMETER 
DOSE RATE (mSv.a

-1
) 

URBAN AREA RURAL AREA 

N 39 42 

Minimum 1.71 1.82 

Maximum 2.97 20.29 

Arithmetic Average 2.42 5.05 

Standard Deviation 0.30 3.49 

Coefficient of variation (%) 12.47 69.06 

Median 2.49 3.71 

Mode 2.82 6.25 

1
st
 Quartile 2.26 2.67 

3
rd

 Quartile 2.60 5.94 

Average Grouped 2.74 5.37 

Asymmetry -0.49 2.46 

Kurtosis 0.18 8.04 
 
 

To certify the type of distribution of data in urban and rural areas, statistical tests of normality 

(Shapiro-Wilk and Kolmogorov-Smirnov) were applied. These tests showed a normal trend 

in the 95% level of confidence to the data from the urban area. However, a normal 

distribution has not been provided to the data collected in rural areas, which justifies a 

heterogeneous distribution to describe the behavior of dose rates in this last area. 

 

In order to get a general idea of the effective dose rate behavior in Brazil and worldwide, and 

in trying to conduct a critical evaluation for a better analysis of the results obtained in this 

study, it was carried out a brief comparative study with other papers locally and 

internationally who used the same methodology and comparative models to describe 

radiometric situations on the planet, using the arithmetic mean of the set of the effective dose 

rates values as a reference parameter, given the use of this measure of central tendency in 

these works. Table 4 summarizes the results of total effective dose rates obtained in this study 

and other research. 
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Table 3: Comparison of rates effective dose rates. 

 Studied Area 

Environmental 

Dose  

(mSv.a
-1

) 

Reference 

São Mamede-Brasil 2.42 (1.71 - 2.97) This Study (urban area) 

São Mamede-Brasil 5.05 (1.82 - 20.29) This Study (Rural area) 

Espinharas -Brasil 5.56 (1.91 -65.6) Silva (2014) 

Abreu e Lima - Brasil 2.53 (2.01 - 4.93) Morais (2013). 

Igarassu - Brasil 2.81 (2.14 - 3.40) Morais (2013). 

Paulista - Brasil 2.59 (2.06 - 2.83) Morais (2013). 

Olinda - Brasil 2.32 (1.99 – 7.59 ) Morais (2013). 

Valesim - Portugal 4.16  Pinto et al (2007) 

Kerala-India  16.0  Eisenbud e Gesell (1997) 
 
 

In Table 3, it is observed that the effective dose rate values in rural area of São Mamede 

present higher values than other reported in studies conducted in Brazil, specifically in the 

state of Pernambuco in the municipalities of Abreu e Lima, Igarassu, Paulista and Olinda 

(MORAIS, 2013). The values of the urban area is below those reported in these 

municipalities. However, studies conducted in the municipality of São José Espinharas-PB, 

near the uranium deposit, obtained the value of the average effective dose rate of 5.56 mSv.y
-

1
 (SILVA, 2014), about 2 times the average dose found in the rural area of the municipality of 

São Mamede. 

 

It is also observed that in Kerala in India, the effective dose rate found had a value of 16.00 

mSv.y
-1

 (EISENBUD and GESELL, 1997), considered greater than the values found in the 

areas (rural and urban) of São Mamede. This effective dose rate was the highest of the table, 

much higher than the world average in order to be an anomalous area, which is expected to 

get values much higher than considered acceptable values. 

 

 

4. CONCLUSIONS  

 

The highest values for dose rates were found in the countryside of São Mamede, due to the 

presence of rocky outcrops with uranium associated. However, these values do not represent 

risks to human health, since it was detected in uninhabited places and without any 

development of human activity. In urban areas there is no natural radioactive anomaly in the 

environment, since the values of the dose rate are within the normal limits. 
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