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ABSTRACT 

The radioactivity of 15 kinds of different granites collected in Tunisia was determined by gamma-ray spectrometry us-
ing hyper-pure germanium (HPGe) detector. The average activity concentrations for primordial radionuclides 238U, 
232Th and 40K were respectively 33.24, 8.01 and 116.98 Bq/kg. The activity concentrations ranged from 3.59 to 87.37 
Bq/kg for 238U, from 0.45 to 25.34 Bq/kg for 232Th and from 24.06 to 380.23 Bq/kg for 40K. The measured activity con-
centrations were used to assess of the radium equivalent activity ranged from 22.2 to 995.8 Bq/kg, the absorbed dose 
rate in air from 7 to 1209 nGy/h and the internal (0.1 to 2.8) and external (0.1 to 2.7) hazard indices. The data obtained 
in this study may be useful for natural radioactivity mapping. 
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1. Introduction 

Natural radioactive materials (rocks, soil, sediment, wa-
ter and aliment) contain low-level radioactivity. Marble 
used in building and decoration are also possible sources 
of radioactivity. Radioactivity in the marbles consists of 
the 238U series [1-3] with a relative abundance of 99.284% 
and a half-life of 4.468 × 109 years, the thorium series 
232Th with a relative abundance of 100% and a half-life 
of 14.05 × 109 years and the actinium series 235U with a 
relative abundance of 0.716% and a half-life of 9.47 × 
1010 years. There are also several singly occurring ra-
dionuclides, the most important one is 40K with a relative 
abundance of 0.0117% and a half-life of 1.248 × 109 
years. The emanation of radon (222Rn) is associated with 
the presence of 226Ra and its ultimate precursor 238U in 
the ground. The inhalation of its short-lived daughter 
products is a major contributor to the total radiation dose. 

The objective of the work is to estimate the radioactiv-
ity concentrations of primordial radionuclides; 238U, 232Th 
and 40K in marble samples collected in Tunisia. The ab-
sorbed and effective dose rate, the external and internal 
hazard indices in marble samples have been determined. 
The measurements have been carried out using a HPGe 
spectrometer. 

2. Experimental Setup 

A total of 15 different kinds of marble in Tunisia have 
been collected. Figure 1 shows the Tunisian states where 

the commercial marble samples were collected. The sam- 
ples were pulverised, dry-weighed [4,5], sealed in 1 l 
plastic Marinelli beakers and stored for 4 weeks in order 
to allow the reaching of equilibrium between 226Ra and 
222Rn and its decay products [6,7]. 

Spectra for different samples were measured with a 
hyper-pure germanium (HPGe) detector of high-resolu- 
tion gamma-ray spectrometer. Figure 2 show a spectrum 
of Tunisian marble sample 1. The detector has a photo- 
peak efficiency of 30% and an energy resolution of 1.85 
keV (FWHM) for the 1.332 MeV reference transition of 
60Co. The measurements have been carried out at the 
Center for Nuclear Sciences and Technology, Sidi Tha-
bet, Tunisia (CNSTN). 

To obtain the gamma spectrum with good statistics, 
the accumulation time for each sample is set at 20 hours. 
Marble samples container were placed inside a shield, in 
order to minimize the background radiation. The back-
ground distribution in the environment around the detec-
tor was counted in the same manner and in the same 
geometry as the samples. It was determined using an 
empty sealed beaker. The background spectra were used 
to correct the net peak area of gamma rays of measured 
isotopes. 

3. Results and Discussion 

3.1. Calculation of Activity Concentrations 

The specific activity 
iEA  (Bq/kg) of a nuclide i and for     
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Figure 1. Localization of the Tunisian states where the commercial marble samples were collected. 

a peak at energy E, is given by: 

 
i iE E E D sA N t    M         (1) 

where 
iEN  is the net peak area, E  the detection effi-

ciency at energy , E D  the gamma ray yield per dis-
integration of the specific nuclide for the transition at 
energy , E sM  the mass of the measured sample (kg) 

and  the counting live-time (s). If there is more than 
one peak in the energy range of analysis, then the result 
is the weighted average nuclide activity. 

t

The gamma-ray transitions of 214Pb, 214Bi were used to 
determine the concentration of the 238U series. The gam- 
ma-ray transitions 228Ac, 208Tl 228Ac were used to calcu-
late the concentration of the 232Th series. The gama-ray  
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Figure 2. A spectrum of Tunisian marble sample 1. 

transition of 40K was used to determine the concentration 
of 40K in different samples. 

The activity concentrations of the natural radionuclides 
of the 15 kinds of marbles are shown in Figure 3. The 
activity concentrations ranged from 3.59 to 87.37 Bq/kg 
for 238U, from 0.45 to 25.34 Bq/kg for 232Th and from 
24.06 to 380.23 Bq/kg for 40K. The average activity con-
centrations are 33.24 Bq/kg for 238U, 8.01 Bq/kg for 
232Th, and 116.98 Bq/kg for 40K. 

From the 15 samples measured in this study, Sample 
(2) appears to present the highest concentrations for 238U, 
Sample (11) presents the highest concentration for 232Th 
and Sample (7) presents the highest concentration for 40K. 

3.2. Absorbed and Effective Dose Rate 

Absorbed dose rate D (in nGy/h) can be calculated using 
the following formula [8,9]: 

iE FD A C                 (2) 

where 
iEA  is the activity concentration (in Bq/kg), and 

FC  is the dose conversion factor (absorbed dose rate in 
air per unit activity per unit of soil mass in nGy/h per 
Bq/kg). 

To estimate the annual effective dose, one has to take 
into account the conversion coefficient from absorbed 
dose in air to effective dose and the indoor occupancy 
factor [10]. A value of 0.7 Sv/year was used for the con-
version coefficient from absorbed dose in air to effective 
dose received by adults, and 0.8 for the indoor occupancy 
factor, implying that 20% of time is spent outdoors. The  

effective dose rate  effD  indoors (in mSv/year), is cal-  

culated by the following formula: 

  68760 h year 0.2 0.7 10effD D          (3) 

where D (nGy/h) is the calculated dose rate, 0.7 (Sv/Gy) 
is the conversion coefficient from the absorbed dose rate 
in air to the effective dose rate and 0.2 is the outdoor 
occupancy factor [11]. 

Table 1 shows the absorbed and effective dose rate. 
The average absorbed and effective dose rates are 25.7 
nGy/h and 0.23 mSv/year respectively. The highest value 
of the dose rate is for Sample (15), 51.20 nGy/h and the 
minimum value is for Sample (1), 4.31 nGy/h. The maxi- 
mum effective dose rate is 0.45 mSv/year and the mini-
mum is 0.04 mSv/year. 

3.3. Radium Equivalent Activity 

The distribution of 238U, 232Th and 40K in marbles is not 
uniform. Uniformity in respect of exposure to radiation  

 

 

Figure 3. The activity concentrations for primordial radionuclides 238U, 232Th and 40K. 
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Table 1. Absorbed dose rate (nGy/h), effective dose rate 
(mSv/an), Hex, Hin and Raeq (Bq/kg) for the marble samples. 

No. Commercial name D Deff Hex Hin Raeq 

1 Thala beige 4.31 0.04 0.05 0.04 9.04

2 Thala royal 18.27 0.16 0.09 0.18 39.63

3 Thala imperial 36.70 0.32 0.30 0.41 79.30

4 Thala noir 29.18 0.26 0.21 0.24 62.15

5 Thala gris 28.93 0.25 0.09 0.18 59.17

6 Gris foussana 25.81 0.23 0.09 0.22 53.67

7 Chamtou 5.24 0.05 0.05 0.04 11.35

8 Kadhel gris 8.33 0.07 0.14 0.05 16.65

9 Kadhel rose 51.20 0.45 0.21 0.47 110.9

10 Jaune moutard 29.83 0.26 0.18 0.31 64.36

11 Courteau 17.16 0.15 0.14 0.15 35.88

12 Noisette beige 34.86 0.31 0.15 0.32 75.61

13 Gris Marmis 11.95 0.11 0.10 0.11 26.01

14 Noir Aziza 25.70 0.23 0.15 0.24 54.88

15 Marron Kesra 51.20 0.45 0.30 0.51 110.9

 
has been defined in terms of radium equivalent activity 
(Raeq) in Bq/kg to compare the specific activity of mar-
bles containing different amounts of 238U, 232Th and 40K. 
It is assumed that 370 Bq/kg of 238U, 259 Bq/kg of 232Th 
and 4810 Bq/kg of 40K produce the same gamma dose 
rate [12]. A radium equivalent of 370 Bq/kg in marbles 
will produce an exposure of about 1.5 mSv/year to the 
inhabitants [11]. The radium equivalent activity which 
can be calculated by the following formulae [13,14]: 

eq U Th KRa A A 1.43 A 0.077           (4) 

where AU is the 238U activity concentration (Bq/kg), ATh 
is the 232Th activity concentration (Bq/kg) and AK is the 
40K activity concentration (Bq/kg). 

The average calculated (Raeq) values for marble sam-
ples were ranging from 9.04 to 110.9 Bq/kg with the av-
erage value of 54.88 Bq/kg. 

3.4. External and Internal Hazard Indices 

To estimate the radiation dose expected to be delivered 
externally if a building is constructed using marbles, the 
external hazard index (Hex), due to the emitted γ-rays, can 
be calculated using the following equation [8,15]: 

ex U Th KH A 370 A 259 A 4810        (5) 

In addition to the external irradiation, radon and its 
daughter products are also hazardous to the respiratory 
organs. The internal exposure to radon and its short-lived 
products is proscribed by the internal hazard index (Hin). 
For the safe use of a marbles in the construction of dwel- 
lings Hin should be less than unity. The Internal hazard 

index is calculated by the following formula [15-17]: 

in U Th KH A 185 A 259 A 4810         (6) 

The calculated external and internal hazard indices 
values (Table 1) are ranged from 0.05 to 0.3 and from 
0.04 to 0.51 respectively with an average value of 0.15 
and 0.24 respectively. 

4. Conclusions 

Natural radioactivity of 15 samples of marbles collected 
in Tunisia was determined by gamma-ray spectrometry 
using hyper-pure germanium (HPGe) detector. In the 
case of uranium the highest level was found in the “Thala 
royal” marble sample and the lowest level in the “Gris 
Marmis” marble sample. For thorium the highest level 
was found in “Courteau” marble sample and the lowest 
level in “Thala imperial” marble sample, while for potas-
sium the highest level was found in “Chamtou” marble 
and the lowest level in the “Kadhel rose” marble sample. 

Based on the results obtained in this study for ab-
sorbed and effective dose rate, radium equivalent activity, 
external and internal hazard indices, we conclude that the 
radioactivity levels of marbles are within the interna-
tional recommended values from world-wide areas due to 
terrestrial gamma radiation [11]. According to the rec-
ommended values and the calculated external and inter-
nal hazard indices values, the marble samples are ac-
ceptable for use as building materials and decoration. 
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