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ABSTRACT 

 
Granite in Pernambuco has been used as raw-material in several utensils, amongst which, furniture and 

decoration objects. This granite, besides being traded internally, is also exported to Asia and Europe. 

Differentiated content of some radionuclides of the (
238

U e 
232

Th) and 
40

K natural series above average content 

of other rocks is also commonly found, due to its origin and geological formation. The gamma radiation stems 

from the decay of the given series, followed by the 
40

K, and it should not exceed the 1 mSv.y
-1 

limit per person 

of the public, according to the current radiological protection rules (ICRP, 60). This work aimed to 

radiometrically assess the granite tables used by the public of a well visited restaurant in the city of Recife. It is 

expected to contribute to the environmental monitoring and to assess the possible health risks for humans. The 

tables were monitored for a period of about one year. Dosiometric tablets of CaSO4:Dy were used. The findings 

showed doses ranges from the background to 4.7 mSv.y
-1

, with general average of dose rate equal to 3.0 mSv.y
-

1
. Therefore, it was concluded that despite the average dose rates in the different granite objects studied being 

higher than the recommended rate, the exposure does not offer risks to their users, due to the contact time (meal 

time) and the levels of radioactive emission found.  

 
Keywords: Granite, Ornamental rocks, Environmental monitoring, Dosimetry. 

 

 

1. INTRODUCTION 

 

“Granites” are important examples of rocks with radioactive minerals higher than the ones in 

other rocks. Furthermore, according to Anjos co-workers (2005) [1] the presence of natural 

radionuclides in the granite composition may produce high levels of radiation. The extended 

use of “granite” has subjected men to a greater exposure to these rocks, receiving an 

additional dose of gamma radiation from the radioactive minerals by which they are 

composed, once these minerals are responsible for gamma emissions, obtained from the 

sequence of the radioactive decay of the 
238

U and 
232

Th series, as well as the ones emitted by 

the 
40

K. 

 

Currently the ornamental rocks are largely used in the civil construction, as finishing material 

of stairs, floors and walls, not only in inner ambients but also in exterior ones, and also as 
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raw-material for wood replacement, in the manufacturing of furniture, house appliances, and 

art decoration. Therefore, the use and production of the ornamental rocks in Brazil and 

worldwide have presented significant growth in the past decades. According to Estellita co-

workers (2010) [2] more than half of the production of the Brazilian ornamental rocks 

corresponds to more than 200 types of different “commercial granite” with specific names, 

which disregards its geological origin and also its mineral composition. According to Vargas 

(2001) [3], “granite” is considered the most important commercial ornamental rock in Brazil, 

as, besides its visual beauty , its resistance to chemical attacks and to abrasive wearing,  for 

many years it does not fade. This set of properties has made “granite” one of the most desired 

raw-materials currently, and its radiometric evaluation has become imperative, as every day 

there are more people exposed to it, which, according to the literature, can present high levels 

of radioactive minerals. 

 

The term “granite” in the ornamental rocks sector is applied to any type of rock different 

from limestone, able to be polished and used as finishing material. The mineralogical 

composition of the “granite” is defined by many variable associations of quartz, feldspar, 

mica (biotitic and muscovite, amphibolies (especially hornblende), pyroxene (aegirine, 

augphta and hiperstenio) and olivina [1], minerals which have great concentrations of 

radionuclide emissaries of gamma radiation. 

 

Nowadays, it is common the use of “granite” furniture in several commercial places, due to 

its beauty and durability. The mineralogical composition of the granitic rocks enables the 

manufacturing of ornamental “granite” which has anomalous concentration of radionuclide, 

responsible to increase the environmental radiation level, and naturally the risks to which the 

population is exposed to by using objects built with this raw-material. Thus, it would be 

necessary to assess it radiometrically in order to know the real levels of radiation, being 

therefore, important to know the real levels of radiation before the commercialization for the 

manufacturing of objects to be used in the houses and commercial places, once the rate of the 

individual dose adopted internationally by person of the general public is of 1.0 mSv.y
-1

.  

 

In this context, it is imperative that this “granite” objects receive a radiometric certification, 

in order to be commercialized in Brazil, so that the population is not unnecessarily exposed to 

its radioactive emissions. Studies made throughout the world, as the one made by Rocha 

(2007) [4], have showed the necessity that this Brazilian ornamental “granite” is also 

monitored, as recently a risk warning for the use of granite was given by Tzortzis co-workers 

(2003) [5], when an article that showed results on gamma radiation dose measurement in 

imported granite commercialized in Cyprus, presented values higher than the adopted dose of 

1 mSv.y
-1

, for a 8h/day exposure. Studies made in Greece by Pavlidou co-workers (2006) [6] 

analyzing sixteen samples of different granites used as construction material, imported from 

Brazil and Spain, have revealed higher levels beyond the recommended one for the public. In 

another study of great importance published by El-Arabi co-workers (2007) [7], which 

analyzed 49 samples of Egyptian granite, it was revealed that rates of up to 30.4 mSv.y
-1

 were 

obtained, showing the possibility of finding granite with high radioactive levels. 

 

In this study, the ornamental granite of a well visited restaurant in the city of Recife was 

measured, as well as the risks from the exposure to this raw material. 
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2. MATERIALS AND METHODS 

 

2.1. Monitored place and objects 

 

The study was carried out in a restaurant of the city of Recife, geographic coordinates 

(latitude 8º 2.74' and longitude 34º 56.88'), where the granite plates were used as round tables 

in which a cover of 1 m of diameter and 2 cm of thickness was used , measuring 74 cm of 

height. These tables  were monitored and evaluated radiometrically by means of the use of a 

lot of  thirteen dosimetric  tablets (TLD-900), used to monitor the tables in different periods, 

the repeated use of these tablets  enabled  the accomplishment of 22 readings throughout the  

monitoring of the tables.  

 

2.2. Instrumentation, standardization and preparation of the dosimeters 

 

In the study , thermo luminescent dosimeters (TLD) were used, the lot was formed by 

thirteen doped calcium sulphate tablets with dysprosium (CaSO4:Dy), manufactured by the 

Institute of Energy  and Nuclear Research (IPEN/CNEN-SP), measuring 6.0 mm of diameter 

and 0.8 mm of thickness. Currently, these dosimeters are the most used thermo luminescent 

materials in Brazil in environmental research, due to their excellent dosimetric properties and 

being, according to Yang (2002) [8], one of the most accurate TL materials ever evaluated. 

These detectors are used in the personal dosimetry, especially for the gamma radiation 

dosimetry. 

 

The dosimeters were initially pre-selected for this study in the External Individual Monitoring 

Laboratory of the Regional Center of Nuclear Research in the Northeast (Laboratório de 

Monitoramento Individual Externo do Centro Regional de Ciências Nucleares do Nordeste), 

belonging to the National Commission of Nuclear Energy (Comissão Nacional de Energia 

Nuclear (CRCN-NE/CNEN)), in the city of Recife, where they were thermally pre treated, 

being heated in the  PTW-Freiburg automatic oven, model TLDO, manufactured by Bicron at 

300ºC, approximately by 10 minutes, after which, it was  slowly cooled until the room 

temperature of (18 to 20ºC) was reached. 

 

Aiming to observe the homogeneity of the dosimeters to the dosimetric response, after the 

thermal pre treatment, they were exposed to a source of 
137

Cs, brand  JLShepherd & 

Associats, model 28-8A, series 10354, activity of 12 Ci (444 GBq) in 2003.05.13 and energy 

of approximately 662 keV to a kerma value in the air equal to 5 mGy.  This procedure was 

repeated three times, and in the end of all the irradiations, the dosimeters were analyzed in an 

automatic reader interlinked to an IT analytical system. The readings were analyzed in a 

Harshaw Nuclear Systems system, model 5500 from CRCN-NE/CNEN.  After the data 

acquisition, the dosimeters received a new thermal treatment in the automatic oven, for that 

they were subjected to the same temperatures, in the same time intervals that they were 

subjected in the thermal pre treatment received. 

The dosimetric tablets were enumerated and sealed with transparent PVC film, and after sent 

to the field, where they were pasted with scotch tape with an identification label. The TLDs 

distribution in the granite plates was done systematically. The dosimeters remained in the 

study objects for eight months, being changed every two months, together with the control 
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dosimeters. After collection, the TLDs were sent to the CRCN-NE/CNEN for the results 

obtaining. 

 

 

3. RESULTS 

 

Table 1 shows registers of the arithmetic measures of the dose rates and their respective 

standard deviation of the four tables monitored in the restaurant, with the results adjusted to 

annual dose. 

 

 

 

Table 1.  Obtained doses in the well visited restaurant tables. 

 

Table 
Dose Rate (mSv.y

-1
) 

Net Average Error 

1 2.0 1.5 

2 3.9 3.5 

3 1.4 1.7 

4 4.7 5.0 

 

 

 

The net averages of doses rates presented in Table 1 varied from 1.4 to 4.7 mSv.y
-1

, being the 

general average of the tables of the restaurant equal to 3.0 mSv.y
-1

. Considering that the 

maximum limit allowed for individual exposure is 1 mSv.y
-1

, it is observed that all averages 

of dose rates of the tables were above the limit recommended by the International 

Commission of Radiological Protection (ICRP-60, 1990) [9]. These values were used in this 

study to make reference to the levels of radioactive exposure that the consumers of the 

restaurant are subjected to. The variations in the values of the found averages are due to the 

irregularity of radioactive minerals present in the granite at the moment of its formation; this 

fact is also mentioned in the literature. 

 

It is also observed that all the annual averages of the dose rates were higher than the 

maximum limit recommended by the International Commission of Radiological Protection 

meaning that there was a great predominance of high radionuclide concentration granite in 

the monitored tables, which according to the literature, is very peculiar among the granitic 

rocks, due to their natural geological origin and formation. 

 

The values of the dose rates presented in the referred table are in the same band of those 

determined by El-Arabi (2007) in Egypt, as 49 samples of granitic rocks doses varying from 

0.04 to 30.4 mSv.y
-1 

were found, it was seen in his study that the granite can present levels of 

gamma radiation higher than 30 mSv.y
-1

, capable of engendering risks for the health of its 

users. The concern of the present study, as well as of all the others mentioned, was to 

radiometrically evaluate all and any type of granite found in the studied places, without the 

concern of knowing its origin and mineral composition, as this had not been the focus of the 

research.  
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The results obtained in the present study show the importance of carrying out of radiometric 

evaluations in ornamental granites before their extraction, distribution and 

commercialization. These procedures will bring for the Brazilian population a safety margin 

in the use of these rocks, which have presented varied levels of radionuclides in their 

composition. With the adoption of these radiological protection measures, an advance in the 

radiological protection would be promoted, as, from then on, the ornamental granites would 

start to receive a radiometric certification before their use in several environments, following 

the example of what is already done in the developed countries. 

 

 

4. CONCLUSION 

 

It is concluded that, despite the fact that the average doses found in the different granite 

tables were higher than the limit value recommended by the ICRP-60 for the general public, 

the exposure does not offer risks to the users, due to the time used during a meal. 
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