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ABSTRACT 
 
This work is a study of 238U and 232Th series and 40K radioactivity in rocks measured with high resolution 
gamma ray spectrometry. The rocks were taken from geologic formations in the region of the Tibagi river 
hydrographic basin. The course of this river cuts through the Paleozoic and Mesozoic stratigraphic sequences of 
the Paraná sedimentary basin. A summary of the results for 87 rock samples, taken from 14 distinct formations, 
is presented. The calculations of the rocks’ contributions to the outdoor gamma radiation dose rate agree with 
the values presented by other authors for similar rocks. The highest dose rate values were obtained from felsic 
rocks (rhyolite of the Castro group, 129.8 ± 3.7 nGy.h-1, and Cunhaporanga granite, 167 ± 37 nGy.h-1). The Raeq 
parameter and the activity concentration index for environmental radioactivity monitoring were calculated for 
rocks used as building materials. Only one sample reached a Raeq value higher than 370 Bq.kg-1. In relation to 
the activity concentration index all results are lower than two, satisfying the most rigorous dose criterion       
(0.3 mSv.a-1) for materials with restricted use (e.g. tiles and coverings). When materials used in bulk amounts 
are considered (e.g. bricks, sand, gravel), the Castro group and the Cunhaporanga granite samples do not satisfy 
the less rigorous dose criterion (1 mSv.a-1). 
 
 

1. INTRODUCTION 
 
All rocks and soils are radioactive at different levels. The most abundant natural 
radioisotopes in the Earths surface are the 40K, 232Th and 238U. Observing several studies on 
concentrations of radioisotopes in various types of rocks [1] [2] [3] [4], it can be realized that, 
generally, the same type of rock presents a wide range of concentration values. Nevertheless, 
some trends can be found - for example, felsic igneous rocks have, in general, higher levels 
than sedimentary rocks.  
 
The radioactivity of rocks contributes to the external gamma dose rate that human receive 
from the environment. Therefore it has been important to measure the radioactivity of rocks 
and understand the dynamic of the radioisotopes in the natural environment, in the industrial 
processes and in the building practices. 
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In this work the radioactivity of 40K, 238U series and 232Th series was measured using high 
resolution gamma ray spectrometry with the objective to estimate their contribution to the 
absorbed dose rate in air. In order to evaluate the radiological impact when these rocks are 
used as building materials, the radium equivalent parameter (Raeq) [5] and the activity 
concentration index (I) [6] were calculated as well. 
 
 

2. MATERIALS AND METHODS 
 
A total of 87 rock samples were taken from geologic formations in the region of the Tibagi 
river hydrographic basin. The course of this river cuts through the Paleozoic and Mesozoic 
stratigraphic sequences of the Paraná sedimentary basin. Several lithotypes are included 
(sandstone, siltstone, mudstone, limestone, shale, basalt, granite, rhyolite), many of them 
used as building material by locals. Each sample was dried in the open air during 48 hours 
and crushed. A total volume of 100 ml was separated, sealed in cylindrical recipients and 
measured after at least 30 days to ensure secular equilibrium between 226Ra and its short half-
life decay products. 
 
The measurements were accomplished using a system consisted of a high-purity germanium 
(HPGe) detector, having a relative efficiency of 66%. Both detector and sample are protected 
from background radiation by an Ortec’s shielding system (model HPLBS1). The standard 
gamma ray spectrometry electronic chain is connected to a 4 K multi-channel card. 
Multichannel analyzer emulation software (MAESTRO-32) allowed data acquisition, storage, 
display, and analysis of the acquired γ−spectra. Energy resolution for the 1.33 MeV gamma 
ray line from 60Co is about 2 keV.  
 
Equation 1 is the general equation used to derive activity concentrations from the count rates. 
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Where Act(AX) stands for the activity concentration of the isotope AX , m is the sample mass, 
C(E) is the count rate obtained under the Region Of Interest (ROI) around the energy E of the 
gamma ray emitted by AX, Pγ(E) and ε(E) are the emission probability and detection 
efficiency for the gamma ray with energy (E). 
 
The efficiency was experimentally determined on measurements of the certified              
IAEA RG-Set [7] and self-attenuation effect was accounted by the direct gamma transmission 
method [8]. The calibration was validated using other IAEA certified samples (IAEA-326, 
IAEA-327, IAEA-312, IAEA-385, IAEA-375). 
 
In order to evaluate the radiation hazards, the radioactivity results were converted in three 
dose related quantities: the absorbed gamma radiation dose rate in the air 1 m from the 
ground [7]; the radium equivalent (Raeq) [5]; and the activity concentration index (I) [6]. 
Equations 2, 3 and 4 show the conversion factors suggested by each of these references:  
 

  KThRa AAAhnGyrateDose 40232226 0418.0614.0460.01                 ; 
 

(2) 
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KThRaeq AAARa 40232226 077.043.1         ; 
 

(3) 

3000200300
40232226 KThRa AAA

I 
            ; 

(4) 

 
Where Ax stands for the activity concentration of the isotope x. 
 
The Raeq and the I are parameters used to evaluate the radiation impact of building materials. 
Beretka and Mathew [5] suggest a Raeq less than 370 Bq.kg-1 for a total dose contribution 
limited to 1.5 mSv.a-1. The OECD [6] suggests that I should be less than 1 for materials used 
in bulk amounts (e.g. bricks, sand, gravel), and less than 6 for materials with restricted use 
(e.g. tiles and coverings), in order to satisfy a dose criterion of 1 mSv.a-1. In order to satisfy a 
more rigorous dose criterion, 0.3 mSv.a-1, the same index I should be less than 0.5 and 2, 
respectively.  
 
 

3. RESULTS AND DISCUSSION 
 
Tab.1 shows the results obtained for the absorbed dose rate in air summarized by rock class 
and geological formations. The total number of samples analyzed is 87, from 14 distinct 
formations.  
 
 
 

Table 1 - Dose rate estimations based on 238U series, 232Th series and 40K gamma 
emissions measurements (average ± standard deviation). 

 
Rock Classes and Formations Dose (nGy.h-1) 

Mafic Igneous  
Serra Geral Formation (basalt) 21.3 ± 4.6 

Felsic Igneous  
Castro Group Rhyolite  129.8 ± 3.7 
Cunhaporanga Granite 167 ± 37 

Sedimentary  
Botucatu Formation (sandstone) 3.3 ± 0.6 

Santo Anastácio Formation (sandstone) 13.9 ± 2.0 
Irati Formation (limestone shale ) 109 ± 16 

Ponta Grossa Formation (siltic shale) 107.9 ± 0.7 
Rio Bonito Formation (siltstone) 334 ± 193 

Others (sedimentary) 59 ± 26 
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The values presented in Tab.1 agree with the absorbed dose rates presented by other authors 
for similar rocks. The highest dose values were obtained from felsic rocks (rhyolite of the 
Castro group, 129.8 ± 3.7 nGy.h-1, and Cunhaporanga granite, 167 ± 37 nGy.h-1). The other 
highest values correspond to the shale rocks from the Irati Formation (109 ± 16 nGy.h-1) and 
the siltic shale rocks from the Ponta Grossa Formation (107.9 ± 0.7 nGy.h-1). The most 
recent geological formations presented the lowest dose values (e.g. the Botucatu sandstone, 
3.3 ± 0.6 nGy.h-1). The average value for sedimentary rocks from seven other formations is 
equal to 59 ± 26 nGy.h-1. The Rio Bonito Formation presented the highest dose value 
(334±193 nGy.h-1) mainly due to the anomalous 226Ra concentration in the samples. 
 
The Raeq parameter and the activity concentration index for environmental radioactivity 
monitoring were calculated for rocks used as building materials. Only one sample reached a 
Raeq value higher than 370 Bq.kg-1, a sample from Cunhaporanga granite. In relation to the 
activity concentration index, all results are lower than two, satisfying the most rigorous dose 
criterion (0.3 mSv.a-1) for materials with restricted use (e.g. tiles and coverings). When 
materials used in bulk amounts are considered (e.g. bricks, sand, gravel), the Castro group 
and the Cunhaporanga granite samples do not satisfy the less rigorous dose criterion              
(1 mSv.a-1). This indicates that there is a radiological protection concern when these materials 
are used as concrete gravel. The other samples with higher radioactivity, like the Rio Bonito 
Formation samples, are not used for building purposes. 
 

 
4. CONCLUSIONS  

 
In this work the radioactivity of 87 rock samples were analyzed by high resolution gamma 
spectrometry. The objective was to verify the radiological impact of these rocks when present 
in the natural environment and when they are used as building materials. The measurements 
agree to the results presented by other authors for similar rocks.  
 
When materials used in bulk amounts are considered (e.g. bricks, sand, gravel), the Castro 
group and the Cunhaporanga granite samples do not satisfy the less rigorous dose criterion 
suggested by OECD (1 mSv.a-1) [6]. This indicates that there is a radiological protection 
concern when these materials are used as concrete gravel. This result warrants a more 
detailed analysis using dose assessments based on the scenarios where these rocks are 
typically used. 
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