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ABSTRACT 

 
The Earth's crust may have different levels of natural radioactivity as a consequence of the different types of minerals that form its 

composition. Exploration activities of natural sources may have a high radiometric impact for the radionuclides of the natural 

series and contributes to radionuclides transitions to others areas. The distribution of natural radioactive elements 
226

Ra, 
232

Th, and 
40

K in rock and soil is not uniform and as a consequence all building materials contain amounts of natural radioactive substances. 

This study aimed to establish the calculation of the Equivalent Radium Activity (RaEq) in brickwork’s clays in the adjacent area to 

the uranium deposits in Northeast Brazil cities in the states of Paraíba and Rio Grande do Norte. The analyses were performed 

using the non-destructive method HPGe-Be gamma spectometry. Twenty-eight samples were collected from ten brickworks in the 

cities of São José do Sabugí and Santa Luzia, in Paraíba State and Santana do Seridó and Parelhas, in Rio Grande do Norte State. 

The activities of RaEq ranged from 84.5 to 747.8 Bq/kg with an average of 334.0 Bq/kg. Approximately 29% of the analyzed 

samples had activities of RaEq above the limit defined by UNSCEAR (the limit is 370 Bq/kg), where the clays must have its 

sources of extraction monitored, respecting the radioecological protection rules. From the qualification of the samples, it has been 

certified that the radionuclides present in this study are exclusively of natural origin. 

 

 

1. INTRODUCTION 

 

The radioactivity occurs when some nuclides provide spontaneous loss of mass and emission of energy. The 

natural radioactivity, energy that is produced spontaneously [1], can be classified as cosmogenic and 

terrestrial. The first one came from cosmic rays and the second one is originated from terrestrial 

radionuclides that are part of Earth's composition [2]. 

 

Several studies aim to monitor the exposure levels of these elements to populations in areas considered 

anomalous. These areas are regions with high levels of radionuclides and the radioactivity emitted interacts 

with living organisms [3]. 

 

The distribution of natural radioactive elements 
226

Ra, 
232

Th, and 
40

K in rock and soil is not uniform and all 

building materials contain amounts of natural radioactive substances. Among these natural radionuclides 

includes uranium (
238

U), thorium (
232

 Th) and their decay products. For the use of building materials is 

recommended an average value of RaEq less than 370 Bq/kg for civil construction. The calculation of the 

RaEq used in the certification of building materials is an alternative to estimate the levels of natural 

radioactivity in these materials [4]. 

In nature, decay occurs between radioactive elements for the purpose of stability. Therefore, each decay 

promotes a more stable nuclear configuration [2]. 

 

Humans have always used natural resources for the development of their activities. For thousands years they 

have been developing ceramics [5, 6] and clays manufacturing activities, the main raw material used in the 

production of ceramics [7-9]. 
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The regulations and active laws in Brazil are consistent for direct exposures to workers, as in mineral 

exploration, diagnostic activities in radiology clinics or in a nuclear power plants, not promoting attention to 

possible exposures to radon and other radioactive sources in interiors of civil construction [8]. 

 

In conclusion, this study aims to estimate the calculation of Equivalent Radium activity (RaEq) to be used for 

measure the ambient dose associated with primordial radionuclides assigned to TENORM activities from the 

extraction and use of clay as raw material in the manufacture of bricks and tiles in brickworks located in the 

adjacent municipalities to the uranium deposit of São José de Espinharas, State of Paraiba, Brazil. 

 

 

2. MATERIALS AND METHODS 

 

Twenty-eight clay samples were collected in ten brickworks. In the brickworks from Santa Luzia and São 

José do Sabugí, state of Paraíba, Brazil, were collected ten and eight samples, respectively, and in Santana 

do Seridó and Parelhas, state of Rio Grande do Norte, were collected five samples in each one. Were 

collected approximately 3.0 kg of clay in each sampling point. The samples were dried at 40 °C, 

homogenized, packed in polyethylene containers, and was expected 40 days with the hermetically sealed 

samples (because the method of analysis requires the establishment of secular radioactive equilibrium for the 

evaluation of 
226

Ra and 
232

Th). After this, the samples were measured individually with standardized 

acquisition times of 3600 seconds. 

 

For the analysis, the Detector Hyperpure Germanium (HPGe) by Canberra® was used. Standards 
241

Am, 
133

Ba and 
152

Eu are needed, with initial activities certified by the Instituto de Radioproteção e Dosimetria 

(IRD) - Rio de Janeiro, Brazil, to determine the 
226

Ra, 
232

Th and 
40

K and the construction of counting 

efficiency curve. 

 

Following the basis of suggestions from the International Atomic Energy Agency (IAEA) (1991) [8], from 

the 619 technical document (TECDOC-619) for calibration of the measurement system were used major 

transitions range of sealed sources 
241

Am, 
137

Cs and 
60

Co. 

 

During the calibration process, the sources were individually measured in a time of 3600 seconds. After 

obtaining the data, there was a qualitative adjustment that depended on the energy of the analyzed sources 

and channels available in the electronic system. The equation 1 configures the enabled identification of 

photopeaks. In this equation, the "x" represents the correlation between the center channel in MCA and "E" 

represents the energy of the gamma photons interacting within the detector. The calibration straight line 

obtained can be seen in Fig. 1. 

                                     553.1.4456.0  xE                                                        (1) 
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Figure 1: Measurement system calibration straight. 

 

 

For construction of the efficiency curve (Figure 2), 
241

Am, 
133

Ba and 
152

Eu standards were used, with initial 

activities certified by IRD. Then the standards were placed in the detector and measured individually with 

standardized acquisition times for 3600 seconds. The efficiencies for each energy and the results were 

plotted on a statistical program for the development of a semi-empirical model explaining the behavior of 

efficiencies. 

 

The energies were selected from the TECDOC-619 by IAEA [8]. The corrections of the activities of 

standards were calculated by Equation 2, where "AEip" is the activity to be corrected, based on the initial 

activity "AEip0" and radioactive decay constant "". 

 

                                                                      
tλ

0EipEip eAA                                          (2) 
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Figure 2: The measurement system efficiency curve. 

 

 

To calculate the Equivalent Radium Activity was used the Equation 3. CRa, CTh and CK correspond to 

specific activities of 
226

Ra, 
232

Th, and 
40

K, respectively, expressed in Bq/kg. This equation was used to 

estimate the resulting activity of gamma emitters of the main contribution of these series. 

 

                             )077.0()43.1( KThRaEq CCCRa                                  (3) 

 

To perform the statistical analysis of the results obtained, the BioEstat 5.0 program was used. To determine 

the normal trend in data distribution, was applied the nonparametric test of Shapiro-Wilk, with significance 

level of 95%. In this test was considered the null hypothesis (H0) for determination of a normal distribution 

of data and the alternative hypothesis (H1) that determines a distribution without normal parameters. 

 

 

3. RESULTS 

 

The results showed RaEq values ranging from 84.5 to 747.8 Bq/kg, featuring considerable dispersion, with a 

central tendency value of 334 Bq/kg, expressing a radiometric situation of the area less than the limit for 

construction materials (370 Bq/kg). For the standard deviation was obtained the value of 177.6 Bq/kg. 

 

According to Shapiro-Wilk test, the result admitted the conclusion that the tested hypothesis differs from the 

alternative hypothesis, featuring a probabilistic trend to a non-homogeneous distribution of the data. 

 

Considering the average of RaEq value defined by the IAEA and UNSCEAR (370 Bq/kg) for building 

materials, the average of this study, obtained from the statistical analysis with a 95% confidence level, 

characterizes all municipalities in the study as lower, but were considered about 3 times higher than the 

world average (104.2 Bq/kg). 

 

From the individual analysis for each municipality (Table 1), it can be highlight São José do Sabugí due to 

the higher average value for the presence of RaEq, higher than 370 Bq/Kg, and corresponds to more than 4 

times higher than the world average. For the other municipalities, the average is below 370 Bq/kg, with 

normal characteristic, but with higher values than world average. 
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STUDY AREA RaEq (Bq/kg) 

Santa Luzia-PB 246.9 

São José do Sabugí-PB 494.7 

Santana do Seridó-RN 264.0 

Parelhas-RN 321.1 

 

 

The Table 2 shows the results obtained in this study and other studies conducted in Brazil and in some 

countries, and the world average associated with the RaEq in soil. 

 

 

Table 2: Comparative study for the Equivalent Radium 

STUDY AREA RaEq (Bq/kg) REFERENCE 

This study
* 

334.0 

(84.5 - 747.8) 
- 

Soil/Pedra-PE*
 319.2 [9] 

RG/Pedra-PE* 327.5 [9] 

RCS/Pedra-PE* 70,124.5 [9] 

Rock/São José de 

Espinharas-PB* 
3,672.6 [10] 

World Average 104.2 [11; 12; 13; 4] 

Taiwan 96.1 [14] 

Ullal 4,269.2 [13] 

Coastal Kartanaka 53.9 [13] 

Tripoli 34.4 [15] 

Dhaka City 67.1 [13] 

Ireland 124.1 [16] 
*
Arithmetic mean; RaEq: Equivalent Radium activity; RCS: calcium-silicate rock; RG: granite rock. 

 

 

In studies in the state of Pernambuco, Brazil, Santos Junior et al. (2010) [9]
 
found, from studies in rocks and 

soil, RaEq values of 327.5 Bq/kg to granitic rocks and 70,124.5 Bq/kg for amphibolitic calcium-silicate rock. 

The rocks analyzed still showed the highest specific activity of 
226

Ra, corroborating with this study. In the 

same study, had an average of 319.2 Bq/kg in Equivalent Radium activity, close to the average of this 

research and also below to the limit set by UNSCEAR. All these results are shown higher than world 

averages. 

 

In consideration of the analyzed area in this study, searches made by Silva (2014) [10], that examined the 

region of São José de Espinharas city, state of Paraíba, near of a uranium deposit and close to the area 

studied in this research, had a mean value of 3,672.6 Bq/kg for the Equivalent Radium activity, considered 

with great significance, and about 10 times the proposed limit and more than 11 times the average obtained 

in this research. 

 

Among the results of researches cited, there are similarities in respect to this study when considering the 

lower contribution of the specific activities of 
40

K in the calculations of the Equivalent Radium activity, 

except in searches by Shenber (1997) [15], in Tripoli and by Selvasekarapandian et al. (2000) [13] in Dhaka 

City, where the 
232

Th with activities of 9.5 and 16.0 Bq/kg, respectively, configured the lowest contribution 

Table 1: Comparison of the mean RaEq of each municipality 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

to the calculations of RaEq. There is still, in a study conducted in Ireland, by Mcaulay; Moran (1988) [16], 

the result with higher 
226

Ra contribution in the calculation of RaEq, that corroborates with this study. 

 

The analysis of the data in the Table 2 show that the results of RaEq observed in Tripoli, in the study by 

Shenber (1997) [15], correspond to the lowest value, compared to the limit defined by the IAEA and 

UNSCEAR and approximately 10 times lower than the average of this research. Coastal Kartanaka and 

Dhaka City (SELVASEKARAPANDIAN et al., 2000) [13] with 53.9 and 67.1 Bq/kg, respectively, also had 

low results, with normal radioactive patterns. 

 

 

4. CONCLUSIONS  

 

The analyzed area presents some values for the RaEq above the limits established by the UNSCEAR. 

 

According to the obtained data, the city of São José do Sabugí requires a specific intervention because this 

study was evidenced by the high values for the RaEq. 

 

We suggest, especially for the city of São José do Sabugí, the development of researches with biological 

samples to verify the possibility of interference and structural changes in human tissues. 

 

 

ACKNOWLEDGMENTS 

 

The authors thank the Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco 

(FACEPE) for the financial support, the Radioecology and Environmental Control Laboratory (LARCA), 

Environmental Dosimetry Laboratory (LDA) and the Nuclear Energy Department (DEN) of the Federal 

University of Pernambuco (UFPE) for the available infrastructure. 

 

REFERENCES 

 

1.   E. Okuno. “Efeitos biológicos das radiações ionizantes: acidente radiológico de Goiânia”. Estudos 

Avançados, v. 27, n. 77, pp. 185-199 (2013). 

2.   M. Eisenbud; T. Gesell. Environmental Radioactivity: From Natural, Industrial and Military Sources, 

Academic Press, London, United Kingdom (1997). 

3.   J. Tennenbaum. Energia Nuclear: Dínamo da Reconstrução Econômica Mundial, Capax Dei, Rio de 

Janeiro, Brasil (2009).  

4.   UNSCEAR - United Nations Scientific Committee on the Effects of Atomic Radiation. “Ionising 

radiation sources and biological effects”. UNSCEAR (2008). 

5.   O. Abu-Haija. “Determination of Natural Radionuclides Concentrations in Surface Soil in 

Tafila/Jordan”. Modern Applied Science, v. 6, pp. 87-90 (2012). 

6.   E. M. S. Severo; A. C. Carvalho Filho. “Em Discussão: o Impacto do Radônio nas Construções”.  VI 

Encontro Nacional e IV Encontro Latino-americano sobre Edificações e Comunidades Sustentáveis. Vitória, 

pp. 1-9 (2011). 

7.   G. M. Bustamante; J. C. Bressiani. “A indústria cerâmica brasileira”. Cerâmica Industrial, v. 5, n. 3, pp. 

31-36 (2000). 

8.   IAEA, International Atomic Energy Agency. “X ray gamma-ray standards for detector calibration”. 

IAEA publication, technical report: TECDOC 619, 157 p., Vienna, Austria (1991).  

9.   J. A. Santos Júnior; R. S. Amaral; C. M. Silva; R. S. C. Menezes. “Radium equivalente and anual 

effective dose from geological samples from Pedra - Pernambuco – Brazil”. Radiation Measurements, v. 45, 

pp. 861-864 (2010). 

10.  F. F. Silva. “Dosimetria ambiental de uma área uranífera do município de São José de Espinharas – 

PB”. 2014. Tese (Doutorado em Tecnologias Energéticas e Nucleares), Departamento de Energia Nuclear, 

Universidade Federal de Pernambuco, Recife, 2014, 72 p. 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

11.  T. E. Myrick; B. A. Berven; F. F. Haywood. “Determination of concentrations of selected radionuclides 

in surface soil in the U. S”. Health Physics. v. 45, n. 3, pp. 631-642 (1983). 

12.  S. Pavlidou; A. Koroneos; C. Papastefanou; G. Christofides; S. Stoulos; M. Vavelides. “Natural 

radioactivity of granites used as building materials”. Journal of Environmental Radioactivity. v. 89, pp. 48-

620 (2006). 

13.  S. Selvasekarapandian; R. Sivakumar; N. M. Manikandan; V. Meenakshisundaram; V. M. Raghunath; 

V. Gajendran. “Natural radionuclide distribution in soil of Gudalore, India”. Applied Radiation and Isotopes. 

v. 52, pp. 299-306 (2000). 

14.  S. N. A. Tahir; K. Jamil; J. H. Zaidi; M. Arif; N. Ahmed; S. A. Ahmad. “Measurements of activity 

concentrations of naturally occurring radionuclides in soil samples from Punjab Province of Pakistan an 

assessment of radiological hazards”. Radiation Protection Dosimetry. v. 113, n. 4. pp. 421-427 (2005). 

15.  M. A. Shenber. “Measurement of natural radioactivity levels in soil in Tripoli”. Applied Radiation and 

Isotopes. v. 48, pp. 147-148 (1997). 

16.  I. R. Mcaulay; D. Moran. “Natural radioactivity in soil in the republic of Ireland”. Radiation Protection 

Dosimetry. v. 24, pp. 47-49 (1988). 

17.  V. Kannan; M. P. Rajana; M. A. R. Iyengara; R. Rameshb. “Distribution of natural and anthropogenic 

radionuclides in soil and beach sand samples of Kalpakkam (India) using hyper pure germanium (HPGe) 

gamma ray spectrometry”. Applied Radiation and Isotopes. v. 57, pp. 109-119 (2002). 


