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ABSTRACT 
 
Naturally occurring radionuclides such as radon (222Rn), its decay products and other elements from the 
radioactive series of uranium (238U and 235U) and thorium (232Th) are an important source of human exposure to 
natural radioactivity. The worldwide evaluation of health radiobiological effects and risks from population 
exposure to natural radionuclides is a growing concern. About 50% of personal radiation annual dose is related to 
radionuclides such as radon (222Rn), thoron (220Rn), radium (226Ra), thorium (232Th) and potassium (40K), which 
are present in modern materials commonly used in construction of dwellings and buildings. The radioactivity of 
marbles and granites is of big concern since under certain conditions the radioactivity levels of these materials 
can be hazardous to the population and require the implementation of mitigation procedures. Present survey of 
the 222Rn and 220Rn activity concentration liberated in the air was performed using commercialized Brazilian 
granite rocks at national market as well as exported to other countries. The 222Rn and 220Rn measurements were 
performed using the AlphaGUARD instant monitor and RAD7 detector, respectively. This study was performed 
at the Applied Nuclear Physics Laboratory of the Federal University of Technology – Paraná (UTFPR). Obtained 
results of radon concentration activity in air exhaled studied samples of granites varied from 3±1 Bq/m3 to 
2087±19 Bq/m3, which shows that some samples of granitic rocks represent rather elevated health risk the 
population. 
 
 
 

1. INTRODUCTION 
 
The human being is constantly exposed to several sources of natural ionizing radiation. Over 
the years, numerous studies have been carried out with the objective to evaluate the 
radiobiological effects and health risks arising from the exposure of the world population to 
various sources of ionizing radiation. 
 
Radioactive elements such as radon 222Rn, thoron 220Rn, radium 226Ra, thorium 232Th and 
potassium 40K could be found in big variety materials commonly used in construction of 
dwellings and buildings [1 - 4]. Some of these materials, such as marbles and granites, under 
certain conditions of temperature, humidity, ventilation and atmospheric pressure could 
contribute significantly to the indoor activity concentration of radon. In such situation, 
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preventive and corrective radioprotection measures should be implemented for the use of these 
materials [5]. 
 
Many countries as, for example, China and Spain already show concern and conduct systematic 
research of radioactivity levels of different types of marketed granites [6, 7]. In addition, 
countries of the European continent, such as Serbia, have established import, export and transit 
regulations aimed at controlling the radioactivity of products such as marble and granite [8]. 
 
In 2008 the United States of America (USA) reported problems with radioactivity levels and 
exhalation rate of radon from granite rocks used in countertops. This news disturbed many 
Brazilian marble and granite manufactures because Brazil is one of the largest exporters of rock 
to the USA [9]. 
 
In Brazil, there were conducted few studies aimed at evaluating the radioactivity of granitic 
rocks marketed internally in the country and exported, as well as the levels of radioactivity and 
doses received by the population and workers from marble and granite factories [10, 11]. 
 
It has to be mentioned that Brazil has no specific legislation that establishes the limits or 
reference levels for radon activity in the air of dwellings. However, the regulatory position on 
the CNEN-NN-3.01 standard provides individual annual dose limits, and in the effective dose 
limit values the sources of external exposure are considered [12]. 
 
The Jorge Duprat Figueiredo Foundation for Safety and Occupational Medicine 
(FUNDACENTRO), in its document entitled "Marble factories - Reference Manual - Safety 
and Health at Work Recommendations", provides technical recommendations and control 
measures aimed to minimize the exposure of marble workplace workers to chemical agents, 
noise, ergonomic and environmental hazards. However, the manual does not contemplate 
measures to evaluate and control those workers exposure to natural radioactivity from granitic 
rocks [13]. 
 
The implementation of mitigation measures is necessary for the export of granites. Thus, these 
materials can be exported to other countries in order to comply with international safety 
legislation that establishes acceptable levels of radioactivity for the entry, movement and 
marketing of foreign products. 
 
Present work was performed with the objective to evaluate the human exposure to radioactivity 
from Brazilian granite rocks commercialized by marble and granite factories and to propose a 
control protocol that aims to reduce the exposure to radiation from these materials. 
 
 

2. EXPERIMENTAL SETUP, RESULTS AND DISCUSSION 
 
Present research was conducted using 24 samples of granitic rocks, which were submitted to 
the measurements of 222Rn and 220Rn. The samples of granites were provided by a marble 
factory located in Curitiba, the capital of Paraná state. Commercial names of studied granites 
and the number of samples of the same type (color and composition) are presented in Table 1. 
 
The Figure 1-a shows a crude granite block and the place of sample extraction for the purpose 
of present research. 
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Table 1:  Types of granitic rocks evaluated in present work 

 
Granitic rocks 

(commercial name) 
Number of 

samples 
Marrom Guaíba 4 
Verde Boreal Escuro 2 
Sea Foam Green 3 
Verde Cristal 1 
Verde Filus 3 
Boreal Branco 1 
Preto Itapoa 2 
Boreal Goudi 1 
Itaipu 4 
Rosa Curitiba 1 
Prata Mar 2 

 
 
 

                  
(a)                                                                 (b) 

 
Figure 1: (a) Block of granitic rock and place of extraction of a sample, (b) Samples of 

granites sealed in glass jars. 
 
 

The surface area of each granite sample was calculated using MATLAB® software and its 
volume was obtained by observing the level of displacement of water column after immersing 
the granite sample into glass beaker graduated in milliliters. Table 2 shows the volume and 
surface area of studied 24 granitic rock samples. 
 
The measurements of 222Rn and 220Rn activity concentrations in air related to the granitic rocks 
were performed using the AlphaGUARD instant monitor (Saphymo GmbH) and RAD7 
detector (Durridge Company). The measurements were performed at the Applied Nuclear 
Physics Laboratory of the Federal University of Technology – Paraná (UTFPR). 
 
For the measurements of radon and thoron activity concentrations, the samples of granitic rocks 
were individually sealed in glass jars for 40 days in order to achieve secular equilibrium 
between radium and radon radionuclides (Figure 1-b). 
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Table 2:  Volume and surface area of granite samples 
 

Granite samples Volume, [m³] Surface area, [m²] 
Marrom Guaíba (A)  0.00012 0.014 
Marrom Guaíba (B)  0.00012 0.015 
Marrom Guaíba (C)  0.00013 0.011 
Marrom Guaíba (D)  0.00004 0.017 
Verde Boreal Escuro (A)  0.00009 0.010 
Verde Boreal Escuro (B)  0.00027 0.019 
Sea Foam Green (A)  0.00016 0.014 
Sea Foam Green (B)  0.00015 0.018 
Sea Foam Green (C)  0.00020 0.020 
Verde Cristal  0.00017 0.021 
Verde Filus (A)  0.00014 0.017 
Verde Filus (B)  0.00009 0.012 
Verde Filus (C)  0.00011 0.016 
Boreal Branco 0.00015 0.015 
Preto Itapoa (A)  0.00009 0.008 
Preto Itapoa (B)  0.00012 0.013 
Boreal Goudi 0.00009 0.015 
Itaipu (A)  0.00011 0.013 
Itaipu (B)  0.00018 0.020 
Itaipu (C)  0.00007 0.015 
Itaipu (D)  0.00007 0.019 
Rosa Curitiba 0.00010 0.015 
Prata Mar (A)  0.00014 0.012 
Prata Mar (B)  0.00012 0.018 

 
 
The measurements of radon activity concentration in air were performed using the close circuit, 
which included sealed glass jar with rock sample inside, Tygon hoses, AlphaPUMP, air filters, 
AlphaGUARD detector and rotameter. The Figure 2 shows a schematic drawing of the closed 
circuit used for sample and background measurements. 
 

 
 

Figure 2:  Schematic drawing of the closed circuit of measurements performed with the 
AlphaGUARD. 
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For the background and 222Rn activity concentrations measurements, the AlphaPUMP was 
adjusted to operate with a flow rate of 0.5 L/min and the AlphaGUARD was set to work in the 
10min / flow mode. Background and radon activity measurements were conducted during 1 
hour and 24 hours, respectively. 
 
At the next step, the samples of granitic rocks, which presented radon activity concentration 
above 100 Bq/m3 in measurements using AlphaGUARD instant monitor, were submitted to the 
measurements with RAD7 detector. Thus, from 24 samples of granitic rocks, 14 samples were 
evaluated with RAD7 detector. 
 
In the case of RAD7 detector, the background was evaluated using four cycles of 5 minutes 
and the measurements of radon activity associated with granite samples were made in 99 cycles 
of 10 minutes each using the WAT250 protocol pre-programed by the detector manufactures. 
 
The Figure 3 shows a schematic drawing of closed circuit used for sample and background 
measurements with the RAD7 detector. 
 
 

 
 

Figure 3:  Schematic drawing of the close circuit for radon activity measurements using 
RAD7 detector. 

 
 
It could be seen that in these measurements the assembly included sealed glass jar with rock 
sample inside, Tygon hoses, DRYSTIK as gas pump [14], Drierite and charcoal air filters, three 
way valves, RAD7 detector and rotameter. 
 
Obtained experimental data of the radon activity measurements performed with AlphaGUARD 
monitor were analyzed using the DataEXPERT software supplied by the manufactures of the 
equipment [15]. The final 222Rn activity concentration from the granites was obtained by 
subtracting the background value from the 222Rn gas concentration measured by the 
AlphaGUARD. The mean activity concentration values of 222Rn and associated errors for all 
studied samples of granite rock are listed in Table 3. 
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One can see that a total of 54% of the granitic rock samples measured with the AlphaGUARD 
monitor presented 222Rn activity concentrations higher than 200 Bq/m3, and 41% of the 24 
evaluated samples are associated with radon activity concentrations higher than 400 Bq/m3. 
The samples of Marrom Guaíba granite present the highest 222Rn activity concentrations above 
1000 Bq/m3. These results are important when considering the reference levels established by 
international regulatory agencies such as UNSCEAR [16] and ICRP [17], which established as 
upper limit for the radon activity concentrations in air 200 Bq/m3 and 300 Bq/m3, respectively.  
 
 

Table 3:  Concentrations of 222Rn in the granite samples measured with the 
AlphaGUARD 

 

Granite samples 
222Rn activity concentration, 

[Bq/m³] Error, [Bq/m³] 

Marrom Guaíba (A)  1382 15 
Marrom Guaíba (B)  1961 19 
Marrom Guaíba (C)  2087 19 
Marrom Guaíba (D)  2050 19 
Verde Boreal Escuro (A)  21 1 
Verde Boreal Escuro (B)  11 2 
Sea Foam Green (A)  182 4 
Sea Foam Green (B)  461 8 
Sea Foam Green (C)  578 8 
Verde Cristal  94 3 
Verde Filus (A)  21 1 
Verde Filus (B)  15 1 
Verde Filus (C)  15 1 
Boreal Branco 201 5 
Preto Itapoa (A)  3 1 
Preto Itapoa (B)  10 1 
Boreal Goudi 161 4 
Itaipu (A)  732 10 
Itaipu (B)  1097 12 
Itaipu (C)  135 4 
Itaipu (D)  351 6 
Rosa Curitiba 260 5 
Prata Mar (A)  643 9 
Prata Mar (B)  448 7 

 
 
The levels of 222Rn and 220Rn activity concentrations obtained with RAD7 detector are shown 
in Table 4. It could be seen that all studied samples of granites, except for Sea Foam Green (A) 
and Prata Mar (A) rocks, presented the values of 222Rn activity concentration lower than 220Rn 
activity concentrations. 
 
Anyway, considering that the half-life of 222Rn is approximately of 3.8 days, and the 220Rn half-
life is 54.5 seconds [18], the granites that presented 220Rn activity concentrations higher than 
the 222Rn activity concentration levels can be considered, in principle, as safe materials for use 
in building and dwellings construction. 
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Table 4:  222Rn and 220Rn activity concentrations related to the granite samples 
measured with the RAD7 detector 

 

Granite samples 
222Rn activity 
concentration, 

[Bq/m³] 
Error, 

[Bq/m³] 

220Rn activity 
concentration, 

[Bq/m³] 

Error, 
[Bq/m³] 

Marrom Guaíba (B)  38 11 64 22 
Marrom Guaíba (C)  203 15 1110 49 
Marrom Guaíba (D)  43 12 522 37 
Sea Foam Green (A)  94 12 32 23 
Sea Foam Green (B)  57 12 173 27 
Verde Cristal  27 11 33 23 
Boreal Branco 15 10 84 23 
Boreal Goudi 48 11 79 23 
Itaipu (A)  53 12 253 30 
Itaipu (C)  39 11 36 22 
Itaipu (D)  47 11 58 25 
Rosa Curitiba 27 11 192 28 
Prata Mar (A)  1127 24 514 38 
Prata Mar (B)  37 11 53 22 

 
 
Table 5 makes the comparison of the results of radon activity concentration in air for three 
samples of granitic rocks obtained with the AlphaGUARD monitor and RAD7 detector. One 
can see that the results of radon activity concentrations are different for both detectors 
(AlphaGUARD and RAD7), but this divergence could be explained considering the statistical 
errors and that AlphaGUARD monitor does not distinguish the activities of radon isotopes in 
the air, which means that the results obtained with AlphaGUARD monitor considering the 
volume of sampling jar with the sample of granite inside represents the summary activity of 
222Rn and 220Rn isotopes. The errors included in Table 5 were calculated using the uncertainty 
propagation rules of the errors associated with experimental values of 222Rn and 220Rn activity 
concentrations. 
 
 

Table 5:  Radon concentrations of the samples in common evaluated with the 
AlphaGUARD and RAD7 apparatus 

 

Granite samples 
AlphaGUARD RAD7 

222Rn activity concentration 
and error, [Bq/m³] 

222Rn activity concentration 
and error, [Bq/m³] 

Boreal Branco  201±5 100±85 
Sea Foam Green (A)  182±4 126±26 
Marrom Guaíba (C)  2087±19 1313±52 

 
 
Thus, both radon detectors AlphaGUARD and RAD7 presented coherent results in relation to 
the levels of activity concentration. 
 
It should be noted that RAD7 detector offers some advantages in specific measurements of 
222Rn and 220Rn activities concentration values associated with building materials samples. 
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However, the experimental errors increase significantly when the relative humidity of the air 
maintained inside the sampling jar exceeds 5%, as it was observed in some cases. 
 
It was observed that to decrease the background and to achieve more statistically consistent 
results of 222Rn activity concentrations lower than 50 Bq/m3 RAD7 detector should be 
ventilated using radon free air during the time of 4 hours. In the case of higher radon activities 
between 50 and 100 Bq/m3 a ventilation time of 8 hours is required. For concentrations of 100 
to 1000 Bq/m3 the detector should be ventilated for 24 hours and for even bigger radon activity 
concentrations between 1000 to 2000 Bq/m3 the ventilation procedure should be maintained 
for at least 48 hours. 
 
Anyway, for higher values of radon activity concentration obtained with AlphaGUARD 
monitor it should be recommended to perform the control measurements with the RAD7 
detector to identify the specific activities of 222Rn and 220Rn isotopes separately. Such step 
could be very important since it qualifies better the hazard impact associated with both isotopes 
and their progeny considering very significant difference of their half-life. 
 
 

Table 6:  Radon exhalation rate from studied samples of granites 
 

Granite samples F, 
[Bq/(m²·h)] 

Marrom Guaíba (A) 9.551628 
Marrom Guaíba (B) 0.001293 
Marrom Guaíba (C) 0.001946 
Marrom Guaíba (D) 0.001225 
Verde Boreal Escuro (A) 0.000021 
Verde Boreal Escuro (B) 0.000005 
Sea Foam Green (A) 0.000130 
Sea Foam Green (B) 0.000256 
Sea Foam Green (C) 0.000293 
Verde Cristal 0.000045 
Verde Filus (A) 0.000012 
Verde Filus (B) 0.000012 
Verde Filus (C) 0.000010 
Boreal Branco 0.000136 
Preto Itapoa (A) 0.000004 
Preto Itapoa (B) 0.000008 
Boreal Goudi 0.000111 
Itaipu (A) 0.000560 
Itaipu (B) 0.000538 
Itaipu (C) 0.000092 
Itaipu (D) 0.000191 
Rosa Curitiba 0.000169 
Prata Mar (A) 0.000545 
Prata Mar (B) 0.000254 

 
 
The radon diffusive entry rate from the granitic rocks was calculated using the Equation 1 [19]. 
In this equation F corresponds to the radon exhalation rate of the granites, CRn represents the 
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radon activity concentration measured with AlphaGUARD monitor in [Bq/m³], VAR is the 
volume of the entire measurements circuit in [L], S is the surface area of sample in [m²] and λ 
is the radon decay constant. Obtained results are presented in Table 6. 
 
 

𝐹 = 3.6 ∙ 10) ∙ *+,∙-.+
/

∙ 𝜆; [Bq/(m2 h)]   (1) 
 
At the next step, those calculated results of the diffusive entry rate were extrapolated to a model 
of reference masonry building with standard dimensions of internal volume of (5 x 4 x 2.8) m3 
and with an air exchange rate of 1h-1 established by the UNSCEAR Report [20]. Thus, the rate 
of radon entry FC from the building materials in such reference building, which are using 
granite construction elements, was obtained by Equation 2. Table 7 shows the obtained results 
for the rate of radon entry into internal volume of mentioned masonry house. 
 
 

𝐹* = 𝐹 ∙ 2
-
; [Bq/(m3 h)]     (2) 

 
where F is the radon diffusive entry rate (see the Equation 1), A is the surface areas of the walls, 
floor slab and ceiling in [m2] and V is the internal volume of reference house in [m3]  
 
 

Table 7:  Radon entry rate into internal volume of air of reference masonry building 
 

Granite samples FC, 
[Bq/(m³·h)] 

Error, 
[Bq/(m³·h)] 

Marrom Guaíba (A) 15.42 0.17 
Marrom Guaíba (B) 21.00 0.20 
Marrom Guaíba (C) 31.42 0.30 
Marrom Guaíba (D) 19.80 0.18 
Verde Boreal Escuro (A) 0.34 0.02 
Verde Boreal Escuro (B) 0.10 0.02 
Sea Foam Green (A) 2.10 0.05 
Sea Foam Green (B) 4.13 0.07 
Sea Foam Green (C) 4.74 0.07 
Verde Cristal 0.72 0.02 
Verde Filus (A) 0.20 0.01 
Verde Filus (B) 0.20 0.01 
Verde Filus (C) 0.15 0.01 
Boreal Branco 2.18 0.05 
Preto Itapoa (A) 0.06 0.02 
Preto Itapoa (B) 0.13 0.01 
Boreal Goudi 1.80 0.04 
Itaipu (A) 9.05 0.12 
Itaipu (B) 8.70 0.09 
Itaipu (C) 1.50 0.04 
Itaipu (D) 3.10 0.05 
Rosa Curitiba 2.72 0.05 
Prata Mar (A) 8.80 0.12 
Prata Mar (B) 4.10 0.06 
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Evidently, the results of Table 7 concerning the rate of radon entry were obtained considering 
that all surfaces of the reference masonry building are covered by granite rocks. However, in 
actual construction of dwellings only some part of the indoor environment is covered by 
granite, such as the floor or a bench, for example. Thus, the contribution of the radon entry 
from granitic rocks into environment will be lower. 
 
However, the results presented in Table 7 show that depending on the amount of granite 
distributed in the internal environment the resulting indoor radon activity concentrations may 
be significant. 
 
 

3. CONCLUSIONS  
 
Obtained results of experimentally measured radon and thoron activity concentration in the air 
associated with 24 types of commercial brands of granitic rock presented rather high values. 
41% of studied samples of granite presented radon activity bigger than the upper level of radon 
activity in air suggested by international norms and regulation, which shows the importance 
and necessity to develop the national legislation and norms, which will establish the limits of 
radioactivity for commercial use of granitic rocks. Such control is very important considering 
that exported Brazilian granite has to attend the international standards as well. 
 
Considering that the population exposure to natural radiation sources of radiation is recognized 
as a public health problem, it is of high significance that the industrial sector of extraction and 
processing of granitic rocks will be prepared for a new scenario of competitiveness with the 
arrival of national regulatory norms aimed at radioprotection of the consumers as well as all 
the individuals involved in the commercialization process of granitic rocks. 
 
The rate of radon entry into internal volume of air can be reduced by covering the surface area 
of granitic countertops and decorative plates with impermeable waxes that are normally 
employed in the granites cleaning and care measures. Thus, it would be interesting to measure 
the 222Rn and 220Rn exhalation rate from granitic rocks that receive this type of treatment. 
 
In the case of marble factories and commerce enterprises measures to control the workers 
radiation exposure could be adopted, such as the installation of more intense ventilation 
systems, more appropriate the dust particles capture, the reduction of permanence time of the 
workers in the rock processing environments, the use of masks by the workers, among others. 
 
Actually, we are planning to perform further measurements of radon exhalation using more 
wide variety of granitic rocks and their characterization using gamma spectrometry for 
dosimetric and hazard radioactivity indices calculations. 
 
Present survey shows the importance and necessity to develop the national legislation and 
norms, which will establish the limits of radioactivity for commercial use of granitic rocks. 
Such control is very important considering that exported Brazilian granite has to attend the 
international standards. 
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