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ABSTRACT 

 
Results of Solid State Nuclear Track Detector (SSNTD) measurements of 
natural radioactivity using contact autoradiography for the determination of 
uranium and non-contact autoradiography for radon emanation are presented. 
The study is complemented by γ-ray spectrometric results. The SSNTD method 
applied to geological samples has given uranium concentrations consistent with 
those found by -ray spectrometry. The results for uranium concentration and 
radon emanation show excellent agreement with the few values available in 
other works. 
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INTRODUCTION 

 
Natural radioactivity arises mainly from primordial radionuclides, such as 40K and the 

isotopes in the 238U, 235U and 232Th decay series which are present in at least trace amounts in 
all ground formations [1]. Concentrations and distributions of the radionuclides in natural 
materials are of interest since they provide information on environmental radioactivity. 
Gamma radiation emitted from naturally-occurring radioisotopes, also called terrestrial 
background radiation, represents the main source of irradiation external to the human body. 
Natural environmental radioactivity and the associated external exposure due to gamma 
radiation depend primarily on geological and geographical conditions and appear in different 
amounts in each region of the world [2-4]. 
 

A significant part of the total dose from of natural sources comes from terrestrial gamma 
emitting radionuclides [5]. Only nuclides with half-lives comparable to the age of the earth in 
terrestrial materials are of interest. Large accretions of uranium and its decay products in 
rocks and soils and thorium in monazite sands are the important sources of high natural 
background in several areas of the world [6]. 

 
METHODS 

 
1. SSNTD Measurements 
 
1.1. Samples and procedure 
     The geological samples were collected from various regions of Algeria. The materials are 
phosphate ores from the Djebel Onk (Phos1) and Bordj Ghdir (Phos2) sites [7], gypsum, 
cement, sand from the northeast region and a soil from the Reganne locality.  

 
To determine radon emanation and to deduce uranium content, the quantitative exploitation 

of LR115-II (Kodak-Pathé, Societé Dosirad, Lognes, France) and 500 µm thick CR-39 
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(Pershore Mouldings Ltd., Worcestershire, England) detectors was performed. Expositions of 
1.5 × 1.5 cm2 LR115 and CR-39 detectors were made for four weeks by contact with 20 g of 
each sample in hermetically closed polyethylene containers 3 cm in diameter and 10 cm high. 
Additional SSNTDs were fixed to the inner side of the container lid to expose them to the 
radon and thoron and their progenies in the air inside the container (Fig. 1). The CR-39 
detectors were visualized in a solution of 6.25 N NaOH for 7 h at 70 °C and the LR115 
detectors in 2.5 N NaOH for 2 h at 60 °C. 

 
Figure 1: Setup for measuring uranium and radon concentrations by SSNTD. 

 
1.2. Theoretical Considerations 
 

The track density D is the number of tracks recorded on the SSNTD divided by the surface 
read S and by the irradiation time t. It is given by: 
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The activity A of a sample is related to track density by:  
AED c ),( αθε=                                                          (2) 

where ),( αθε Ec  is the detection efficiency which depends on the variable critical angle of 
registration θc and the α-particle energy Eα. It is given by the integral: 
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where Emin et Emax are the energy limits of detectable α-particle and Rα(Emin) and Rα(Emax) are 
the ranges of the α-particles corresponding to these energies. LR115 and CR-39 are 
respectively sensitive to α-particles with energies between 1.4 and 4.7 MeV and 0.5 and 20 
MeV and with critical angles θc given by the relations: 
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di and ei are given by:  
d0 = -108.22, d1 = 126.13, d2 = -30.69, d3 = 2.15 for LR115; e0 = 38.81, e1 = 26.78, e2 = -7.28, 
e3 = 0.47 for CR-39. 
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A second-degree polynomial was used to describe the α-particle range-energy (R-E) 
relationship [8-9]: 

cbEaER ++= ααα
2                                                        (6) 

where a, b and c are coefficients determined by SRIM [10]. The numerical integration of    
Eq. (3) gives:  

Ab4130a5182D 115LR )..( +=                                                             (7) 
AbaDCR )904.0578.5(39 +=−                                                             (8) 

The coefficients a, b for air, phosphate and cement are reported in Table 1. 
 

Table 1: Coefficients a and b. 
 

Sample a (m) b (m) εLR (tr.m-2.s-1)(Bq.m-3)-1 εCR (tr.m-2.s-1)(Bq.m-3)-1

Air 0.762×10-3 2.577×10-3 2.983×10-3 6.580×10-3

Phosphate 0.650×10-6 3.130×10-6 2.550×10-6 6.640×10-6

Cement 0.424×10-6 0.426×10-6 1.244×10-6 2.750×10-6

 
The compositions Ca10(PO4)6F2 for natural phosphate [11] and (CaCO3)(SiO2-Al2O3) for 

cement, with densities ρ = 1.6 g.cm-3 and ρ = 3.1 g.cm-3, respectively, were taken into account 
in the constants a, b of the R-E curve. The uranium activity was deduced from the number of 
α-particles detected divided by the factor eight, which corresponds to assuming radioactive 
equilibrium. 
 

 2. γ-Ray Spectrometry 
 

To evaluate the uranium content and radon emanation of samples measured by CR-39 and 
LR115 in another way, three bulk samples were analyzed by γ-ray spectrometry. The counting 
does not require any particular sample preparation and has the advantage of not needing a 
chemical separation. The energy and efficiency calibrations of the detector were performed 
using a multigamma standard emitting γ-rays of 241Am, 109Cd, 139Ce, 51Cr, 113Sn, 85Sr, 88Y, 
57Co, 137Cs and 60Co with energies ranging from 60 to 1836 keV in an equivalent geometry. 
The specific activity (Bq.kg-1) of each nuclide in the spectrum is given by the expression:  
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where Ci (counts.s-1) is the net peak area at energy Ei, ε(E) is the detector efficiency at that 
energy E, dγ  is the number of γ-rays per disintegration of the nuclide at energy E, t (s) is the 
counting time, Ms (kg) the mass of the sample. Counting times were 187 000 s. The data 
acquisition, display and spectrum analysis (Figs. 2 and 3) were carried out using the Genie 
2000 software [12]. The average of the uranium daughter activities, which remained within 
±10% of each other, was taken as the uranium activity [13]. 
 

RESULTS AND DISCUSSION 
 

Tables 2 and 3 present the specific activities of uranium and radon obtained from the 
samples analyzed by SSNTD. Table 4 groups the phosphate and soil specific activities 
measured by γ-ray spectrometry. 
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Table 2: Specific activities of uranium obtained by SSNTD. 
 

Sample 115LRA  (Bq.kg-1) 39CRA −  (Bq.kg-1) 
Phos1 1011 ± 245 1052 ± 282 
Phos2 655 ± 68 - 
Soil 30 ± 14 65 ± 14 

Cement 40 ± 18 - 
Sand 85 ± 25 - 

Gypsum 28 ± 14 - 
Table 3: Specific activities of radon obtained by SSNTD. 

 

Sample 115LRA  (Bq.m-3) 39CRA −  (Bq.m-3) 
Phos1 1672 ± 334 2431 ± 350 
Phos2 1178 ± 304 - 
Soil 160 ± 60 285 ± 101 

Cement 632 ± 223 - 
Sand 864 ± 260 - 

Gypsum 785 ± 248 - 
Table 4: Specific activities measured for three samples by γ-ray spectrometry. 

 

Activity (Bq.kg-1) Origin Nuclide Energy γ (keV) 
Phos1 Phos2 Soil 

 234mPa 1001 143 ± 27 570 ± 140 - 
 234Th 63 - 284 ± 71 - 

238U family 226Ra 186 280 ± 35 415 ± 110 17 ± 9 
 214Pb 351 201 ± 10 446 ± 23 5.3 ± 0.8 
 214Bi 609 203 ± 10 424 ± 18 4.3 ± 0.8 
 210Pb 46 144 ± 27 241 ± 138 8.4 ± 2.5 

 235U 163 18 ± 2 28 ± 53 1.6 ± 0.5 
235U family 227Th 236 - 21 ± 3 - 

 223Ra 269 - 25 ± 9 - 
 219Rn 271 - 20 ± 3 - 
 228Ac 911 860 ± 35 - 4.8 ± 0.7 
 224Ra 241 824 ± 69 - 4.7 ± 1 

232Th family 212Bi 727 788 ± 41 - 6.4 ± 2 
 212Pb 238 743 ± 50 7 ± 1 7.0 ± 2 
 208Tl 583 701 ± 35 5 ± 2 6.1 ± 1 

Artificial 137Cs 661 - - 1.2 ± 0.4 

Natural 40K 1460 35 ± 13 29 ± 17 120 ± 17 
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A significant result this study is that the specific activities of uranium in phosphate from 
Djebel Onk are low compared to samples from many other geographical locations in the 
world [3, 4, 6, 9]. 

 
Figure 2: γ-ray spectrum of the Bordj Ghdir phosphate. 

 

 
Figure 3: γ-ray spectrum of Reganne soil. 
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CONCLUSION 

 
The aim of this study was to determine the natural radioactivity of several Algerian 

phosphates. In addition, the activity concentrations of naturally-occurring radionuclides in 
sand, cement and gypsum used in construction were investigated in order to assess any 
contribution to the effective dose. The soil analyzed presents a low radioactivity level and 
contains the artificial radioisotope 137Cs (1.2 ± 0.4 Bq.kg-1).  

 
Quantitatively, the values measured for the phosphates by -ray spectrometry for the 

families were: 238U (116-315 Bq.kg-1), 235U (20 Bq.kg-1) and 232Th (666-895 Bq.kg-1) for 
Djebel Onk phosphate; 238U (103-710 Bq.kg-1), 235U (17-33 Bq.kg-1) and 232Th (3-8 Bq.kg-1) 
for Bordj Ghdir phosphate. The values for uranium content obtained using the SSNTD 
respectively are 1011 ± 245 Bq.kg-1 by LR115 and 1052 ± 282 Bq.kg-1 by CR-39 for Djebel 
Onk and 655 ± 68 Bq.kg-1 by LR115 only for Bordj Ghdir. The radon emanation in 
phosphates was found equal to 1672 ± 334 Bq.m-3 with LR115 and 2431 ± 350 Bq.m-3 with 
CR-39 for Djebel Onk and 1178 ± 304 Bq.m-3 with LR115 only for Bordj Ghdir. It was found 
from the γ-ray results that the Djebel Onk phosphate is higher in thorium radioactivity 
compared to the Bordj Ghdir phosphate which has no significant thorium radioactivity. It can 
be concluded that phosphates have a low radioactivity level and exploitation of these 
phosphate rocks results in a minor radiation dose and environmental impact. The results of 
this study could be used as a data baseline for preparing a radiological map of this region, 
especially for the chosen sites. 
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