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The activity concentrations of uranium and thorium were measured for some rock samples 
selected from Dahab region in the south tip of Sinai. In order to detect any harmful radiation that 
would affect on the tourists and is becoming economic resource because Dahab have open fields of 
tourism in Egypt. The activity concentration of uranium and thorium in rocks samples was 
measured using two techniques. The first is α-autoradiography technique with LR-115 and CR-39 
detectors and the second is gamma spectroscopic technique with NaI(Tl) detector. It was found that 
the average activity concentrations of uranium and thorium using α-autoradiography technique 
ranged from 6.41-49.31 Bqkg-1, 4.86- 40.87 Bqkg-1 respectively and by gamma detector are ranged 
from 6.70- 49.50 Bqkg-1, 4.47- 42.33 Bqkg-1 respectively. From the obtained data we can conclude 
that there is no radioactive healthy hazard for human and living beings in the area under 
investigation. It was found that there are no big differences between the calculated thorium to 
uranium ratios in both techniques. 
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INTRODUCTION 
 

Uranium and thorium elements are widely distributed in lithosphere. Two isotopes of 
these elements namely 238U and 232Th are respectively, the parents of two naturally 
occurring radioactive decay chains which through a series of radioactive decay steps lead to 
the formation of 226Ra and 224Ra. These radionuclides in turn, decay into the radioactive 
gases 222Rn and 220Rn respectively and their short lived decay products. It has been 
indicated that 222Rn and its progeny constitute the largest single contributors to human 
radiation exposure from natural or man made radioactive sources [1]. Rocks, sand and soils 
contain uranium and thorium series with different concentrations [2]. Most materials 
contain 238U and are consequently potential radon emitters since 222Rn is a daughter product 
of 226Ra. Construction materials are sources of indoor airborne radioactivity and external 
radiation from the decay series of uranium in buildings. Perhaps radon is the most 
important natural radioactive factor harmfully influencing the human population, because 
radon is radioactive gas comes from the natural decay of uranium deposits in soil, rocks, 
and water, which is harmful on human living or working in this area [3]. The samples were 
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collected from Dahab area which is a nice area in the eastern coastline of Sinai, 85km north 
of Sharm El-Sheikh on the Gulf of Aqaba, near the southern tip of Sinai. The name of 
Dahab (gold) refers to the yellow color of its rocks and the sand of its magnificent beaches. 
Dahab was once a sleepy backwater but these days there are more backpackers than 
Bedouin and the town has become something of a lazy layover. There is a dirt cheap 
accommodation virtually on the beach, swimming and snorkeling in the Gulf of Aqaba are 
magnificent.  Dahab have open fields of tourism in Egypt in the south Sinai Fig.1 [4]. The 
present work aimed to determine the activity concentration of 238U and 232Th for rock 
samples in the area under investigation and to compare between the results of the above 
two techniques in order to assess any change in radioactivity background levels due to 
various geological processes or any influences on the radiation environment.  
 

 
Figure 1: The location map of the area under investigation. 

 
MATERIALS AND METHODS 

 
Ten samples were collected from different types of rocks like, amphibolites (A), 

metasediments (M), serpentinites (S) and pinkishgneiss (P) form Qaber El-bent area south 
Dahab about 15 km. The calculations were relied on establishment of secular equilibrium in 
the samples due to the much smaller life time of daughter radionuclides in the decay of 
232Th and 238U series. The concentrations of uranium and thorium were measured by the 
following two different techniques: 
 
1. Alpha Autoradiography Technique (Passive Technique) 
 

The samples were dried in oven, minced, crushed, sieved by 1-mm mesh, weighted, 
and carefully sealed for fifty days in a cylindrical containers made of aluminum with 
dimensions of 7 cm in diameter and 5 cm in depth. A piece of CR-39 detector of 600 µm 
thicknesses (American Technical Plastic, Inc.) and LR-115 detector with area of 1.5 x 1.5 
cm was embedded in middle of samples (closed contact α-autoradiography) in each 
container. Each sample container was capped tightly with thick foil of aluminum Fig. 2. At 
the same time α-particles emitted by uranium, thorium and their corresponding daughters 
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bombard the CR-39 and LR-115 detectors inside the samples in the containers. After the 
irradiation period, the bombarded detectors were collected and chemically etched in NaOH 
solution 2.5 M at 60C° during 120 min for LR-115 detectors and 6.25 M at 70Cº during 5 h 
for CR-39 [5]. After etching, the CR-39 detectors were washed in distilled water and then 
dipped for few minutes in a 3 % acetic acid solution and washed again with distilled water 
and dried in air. However, LR-115 detectors after track etching were washed in distilled 
water and treated in the B solution (50 cm3 distilled water + 50 cm3 ethyl alcohol). The 
track density was determined by using optical microscope [6]. Can technique using CR-39 
and LR-115 detectors have been used for measurements of uranium and thorium 
concentration [7]. The background of   CR-39 and LR-115 track detectors were counted by 
optical microscope and subtracted from the count of all detectors [8]. The Cth/Cu ratio was 
determined using CR-39 and LR-115 by iteration method for ten times. This method was 
used by analyzing uranium and thorium based on the measurement of α-tracks by α-
autoradiography for material containing uranium and thorium with concentration Cu (ppm) 
and Cth (ppm) the etched track density per unit exposure time on the surface of CR-39 
detector [9]. In order to determine the radium content we use the equation:   

                                                              th th
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where, ηu and ηth are the calibration coefficients of solid state nuclear track detector in 
terms of    α-tracks cm-2 day-1/Bqkg-1 [8]. 
 

 
Figure 2: Schematic diagram for the sealed can technique. 

 
2. Gamma Spectroscopic Technique (Active Technique)  
 

The samples were dried for 4 days in air, minced, crushed, dried in Oven, sieved by 1-
mm mesh, homogenized and mixed well by shaking [10]. The sample was then weighed 
and carefully sealed in a cylindrical container (3″diameter and 2″ height), and stored for 4 
weeks to reach secular equilibrium between 238U and 232Th and their corresponding 
progenies and measured by gamma-ray spectrometer including 3inh x 3inh NaI(Tl) detector 
and PCA3-2048 MCA. The spectrometer was adjusted, calibrated for both energy and 
efficiency. The background was carefully measured and subtracted similar to the procedure 
given before by the authers. The activity concentration is the activity of the sample divided 
by its weight. The 238U, 232Th activities determined by measuring the characteristic -peaks 
of their daughters in their respective decay series. The activity (A) of the radionclides 
contents for measured specimens in Bqkg-1 was determined from the measured photopeaks 
according to the given equation:  
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where, F is the emission probability of the -ray produced at the energy peak, T is counting 
time in second, and  is the full energy peak efficiency under the given experimental 
conditions. Where the 1764 keV energy peak of 214Bi used to determine 238U activity, and 
the 2614 keV energy peak of 208Tl used to determine 232Th activity [11]. 

 
RESULTS AND DISCUSSION 

   
Table 1 shows the average percentage of chemical composition of rock samples.Table 

2 shows the values of the calibration coefficients of CR-39 and LR-115 nuclear track 
detectors exposed in closed contact with different soil samples containing 238U and 232Th 
series in secular equilibrium. When we placed an α-track detector like LR-115 and CR-39 
in a thick sample containing uranium, thorium and their corresponding daughters in secular 
equilibrium, the track density due to α-particles emitted by these α-emitters is given by 
equation (1) and equation (2) used to calculate the activity concentration of uranium and 
thorium in the case of gamma spectroscopic technique as shown in table 3 the activity 
concentrations in Bqkg-1 and the content in ppm for rock samples. Table 4 shows the 
comparison between the activity concentration of uranium and thorium series for rock 
samples using CR-39 and LR-115 detectors. Table 5 gives the comparison between the 
activity concentration of uranium and thorium series for rock samples using gamma 
spectroscopic technique and the average activity concentration using α-autoradiography 
technique. The correlation between (Cth/Cu) ratio is given by Fig.3, from the figure we are 
find that the correlation coefficient equal (r2 ≈ 0.95) using passive and active techniques. 
Fig. 4 shows the correlation between uranium concentration using active and passive 
techniques and the correlation coefficient equal (r2 = 0.99) and also the correlation 
coefficient of thorium using passive and active techniques equal (r2 = 0.98) as shown in 
Fig. 5. It is found that there is a good correlation between passive and active techniques. 
 
 
Table 1: The average percentage of chemical composition of the rock samples 
 
No. Code  SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO 
1 A1 53.86 16.11 3.30 8.81 11.54 3.01 0.87 1.54 0.11 0.25 
2 P1 67.94 17.86 0.50 0.81 0.75 3.93 7.52 0.53 0.07 0.08 
3 M1 77.78 13.04 0.65 0.65 2.35 3.95 1.13 0.29 0.05 0.10 
4 P2 78.21 12.68 0.66 0.20 0.76 3.77 3.50 0.13 0.02 0.05 
5 P3 77.92 12.34 0.61 0.21 0.54 3.35 4.78 0.13 0.03 0.04 
6 M2 70.88 15.05 1.96 1.81 1.86 4.10 3.67 0.46 0.09 0.10 
7 M3 69.38 16.31 0.98 2.58 3.90 3.56 2.28 0.69 0.20 0.09 
8 S1 45.95 0.60 7.88 44.66 0.57 0.14 0.00 0.01 0.00 0.17 
9 S2 45.91 0.70 6.98 44.53 0.65 0.98 0.08 0.01 0.00 0.15 
10 S3 44.34 0.08 10.68 43.48 0.11 0.13 0.20 0.03 0.00 0.15 
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Table 2: The calibration coefficients of CR-39 and LR-115 detectors exposed in close contact with 
different rock samples containing 238U and 232Th series in secular equilibrium. 
 

Sample 
  

Calibration Coefficient 
using CR-39 

Calibration Coefficient using  
LR-115 

 ηu ± SD      ηth ± SD      ηu ± SD ηth ± SD 
1 0.90 ± 0.08 0.98 ± 0.09 0.28 ± 0.06 0.21± 0.04 
2 1.10 ± 0.09 1.29 ± 0.10 0.35 ± 0.06 0.26 ± 0.05 
3 0.82 ± 0.08 1.07 ± 0.09 0.25 ± 0.05 0.19 ± 0.04 
4 0.82 ± 0.08 1.08 ± 0.09 0.25 ± 0.05  0.19 ± 0.04 
5 0.82 ± 0.08 0.93 ± 0.09 0.25 ± 0.05 0.19 ± 0.04 
6 0.80 ± 0.08 0.95 ± 0.09 0.25 ± 0.05 019 ± 0.04 
7 0.80 ± 0.08 0.80 ± 0.08 0.26 ± 0.05 0.20 ± 0.04 
8 0.94 ± 0.08 0.97 ± 0.09 0.29 ± 0.06 0.22 ± 0.04 
9 0.76 ± 0.07 0.85 ± 0.08 0.34 ± 0.06 0.26 ± 0.04 
10 0.94 ± 0.08 0.97 ± 0.09 0.30 ± 0.06 0.23 ± 0.04 

 
 
Table 3: Activity concentrations (Bqkg-1) and the content in (ppm) for rock samples using   gamma 
spectroscopic technique 
 

U-238 Th-232 Sample 
 (Bqkg-1) (ppm) (Bqkg-1) (ppm) 

1 12.72 ± 2.10 1.02 6.42 ± 1.35 1.60 
2 49.50 ± 3.26 3.98 19.43 ± 2.35 4.80 
3 14.00 ± 2.22 1.12 4.47 ± 1.56 1.10 
4 41.30 ± 2.10 3.32 42.33 ± 1.72 10.32 
5 6.70 ± 0.46 0.54 6.04 ± 0.38 1.50 
6 24.00 ± 2.78 1.93 14.00 ± 2.16 3.46 
7 16.10 ± 2.01 1.30 11.62 ± 1.75 2.87 
8 27.13 ± 2.18 2.18 18.46 ± 1.62 4.56 
9 14.02 ± 2.88 1.13 7.42 ± 1.96 0.20 
10 42.35 ± 3.03 3.40 13.00 ± 1.93 3.21 

 
Where, 1ppm U-238 = 12.30 Bq/kg, 1ppm Th-232 = 4.10 Bq/kg 
 
 
Table 4: The comparison between the activity concentration (Bqkg-1) of uranium and thorium in the 
rock samples using CR-39 and LR-115 detectors 
 

LR-115 CR-39 Sampl
e  
 U-238 Th-232 U-238 Th-232 

1 14.02 ± 0.74 8.78 ± 0.46 13.66 ± 1.20 8.56 ± 0.75 
2 49.84 ± 1.29 23.26 ± 0.60 47.94 ± 1.93 22.37 ± 0.90 
3 15.82 ± 0.95 5.27 ± 0.32 13.36 ± 1.53 4.45 ± 0.51 
4 50.51 ± 1.27 41.66 ± 1.06 48.11 ± 1.74 40.09 ± 1.45 
5 6.42 ± 0.47 5.88 ± 0.43 6.41 ± 0.82 5.87 ± 0.75 
6 24.01 ± 0.93 17.60 ± 0.68 25.46 ± 1.47 18.67 ± 1.08 
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7 16.94 ± 0.52 11.29 ± 0.51 16.95 ± 1.40 11.30 ± 0.93 
8 27.81 ± 0.91 18.54 ± 0.61 27.78 ± 1.53 18.52 ± 1.02  
9 13.94 ± 0.69 7.43 ± 0.37 14.00 ± 1.45 7.46 ± 0.77 

10 46.18 ± 1.36 14.46 ± 0.43 46.12 ± 2.44 14.45 ± 0.76 
 

 
Table 5: Comparison between the activity concentrations of uranium and thorium in the rock 
samples using (active) gamma spectroscopy and (passive) alpha auto-radiographiy techniques 
 

Active Technique Passive Technique  Sample  U-238 Th-232 Cth/Cu U-238 Th-232 Cth/Cu 

1 12.72 ± 
2.10 

6.42 ± 
1.35 1.52 13.84 ± 

0.97 
8.67 ± 
0.60  1.88 

2 49.50 ± 
3.26 

19.43 ± 
2.35 1.19 48.89 ± 

1.61 
22.81 ± 

0.75 1.40 

3 14.00 ± 
2.22 

4.47 
±1.56 0.96 14.59 ± 

1.24 
4.86 ± 
0.41 1.00 

4 41.30 ± 
2.10 

42.33 ± 
1.72 3.06 49.31 ± 

1.50 
40.87 ± 

1.25 2.50 

5 6.70 ± 
0.46 

6.04 ± 
0.38 2.70 6.41 ± 

0.64 
5.87 ± 
0.59 2.75 

6 24.00 ± 
2.78 

14.00 ± 
2.16 1.75 24.73 ± 

1.20 
18.13 ± 

0.88 2.20 

7 16.10 ± 
2.01 

11.62 ± 
1.75 2.16 16.94 ± 

0.96 
11.29 ± 

0.72 2.00 

8 27.13 ± 
2.18 

18.46 ± 
1.62 2.04 27.79 ± 

1.22 
18.53 ± 

0.81 2.00 

9 14.02 ± 
2.88 

7.42 ± 
1.96 1.59 13.97 ± 

1.07  
7.44 ± 
0.57 1.60 

10 42.35 ± 
3.03 

13.00 ± 
1.93 0.92 46.15 ± 

1.90 
14.45 ± 

0.60 0.94 
 

 
 
Figure 3: The correlation between (Cth/Cu) ratio using active and passive technique for rock 
samples. 
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CONCLUSION 

In this work the activity levels was near the permissible activity levels which are in 
general 41, 52.2 Bqkg-1 for 238U and 232Th respectively [12] and the obtained results are 
agreement with the published data as shown in table 6. 
To measure the samples using α-autoradiography technique the detectors must be used in 
close contact with samples and the samples must be reach to secular equilibrium between 
226Ra and its daughters. The passive technique is very cheap and easy to use in the different 
environmental fields at different conditions, but it determines the activity concentrations by 
indirect method while the active technique has high efficiency to measure low level of 
environmental radioactivity.  
From the results we were found that: 
1. The activity concentrations of uranium and thorium by using alpha autoradiography 
technique are nearly equal to those using gamma spectroscopic technique, but the 
percentage of errors in active technique are higher than passive technique. It was found that 
the average activity concentrations of uranium and thorium using α-autoradiography 
technique ranged from 6.41-49.31 Bqkg-1, 4.86-40.87 Bqkg-1 respectively and by gamma 
detector are ranged from 6.70-49.50 Bqkg-1, 4.47-42.33 Bqkg-1 respectively. 
2. The variations in the values of uranium and thorium concentration are due to the 
difference in the chemical composition and the geological form of the samples.  
3. We must repeat the measurements to detect the variation in the concentration of 
radioactive radionuclides that effect in the workers and tourists, but now we conclude that 
the results give impression not harmful. 
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