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ABSTRACT  

  
     Studies on radiation level and radionuclide distribution in granite from 
Aswan to Wadi El-Allaqi area which is located in southeastern desert of 
Egypt were undertaken. The samples collected from five locations: Gabal El 
Mesala, Umm Hibal, Abu Herigle, Abu Marw and Deneibit El Quleib.  The 
purpose of this study is to provide a baseline map of radioactivity background 
levels in the investigated area environment and will be used as reference 
information to assess any changes in the radioactive background level due to 
geological processes. The highest average values of 226Ra and 232Th 
concentration (24.003 and 31.227 Bq/kg respectively) was observed at Abu 
Herigle region whereas the highest average value of 40K concentration 589.984 
Bq/kg were detected in Umm Hibal location. The absorbed dose rate in air 
was found to be in the range between 5.400- 45.109 nGy/h and radium 
equivalent activity concentration was found in the range between 29.570 - 
71.855 Bq/Kg. Also the representative external hazard index values for the 
corresponding samples was also estimated and given.         

  
                      Keywords:  Natural radioactivity / Granite / Wadi El-Allaqi.                                         

                                                                                       
INTRODUCTION  

 
    Radionuclides have been present always in the natural environment. The main natural contributors 
to external exposure from gamma-radiation are uranium and thorium series together with potassium. 
Natural radiation is usually classified as either cosmic or terrestrial radiation. Large variations in dose 
rates of both cosmic and terrestrial radiation are found depending on where the measurements are 
made (1). Measurements and studies of natural radioactivity in environmental samples are very 
important to determine the amount of change of the natural background activity with time as a result 
of any radioactive release (2).                                                                    
                                                                  
     Monitoring of any release of radioactivity to environment is important for environmental 
protection. Also natural radioactivity measurements are necessary not only due to its radiological 
impacts, but also because it acts as excellent biochemical and geochemical tracers in the environment. 
Therefore, the assessment of radiation doses from natural radioactive sources is of particular 
importance as it is the largest contributor to the external dose of the world population (3).                                              
 
     Granite is the most abundant plutonic rocks of mountain belts and continental shield areas. They 
occur in great batholiths that may occupy thousands of square kilometers and are usually closely 
associated with quartz monzonite, granodiorite, diorite, and gabbro. They are extremely durable and 
scratch resistant; their hardness lends themselves for the stone to be mechanically polished to a high 
gloss finish. Their variety of color and unique heat and scratch resistant properties makes them ideal 
for use as work-surfaces, flooring or external and internal cladding. They mainly consist of coarse 
grains of quartz, potassium feldspar and sodium feldspar. Other common minerals that granites 
consists of include mica and hornblende. Typical granite are chemically composed of 75 % silica, 12% 
aluminum, less than 5% potassium oxide, less than 5% soda, as well as by lime, iron, magnesia, and 
tatania in small quantities.                                                                                                                 
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     Originally, it was widely believed that granites were formed mainly from magmatic differentation 
of basaltic magma, evidence that was considered to indicate a metamorphic origin. However, because 
of the large quantities of granites that occur in nature, geologists believe now that most of granites 
have been formed either by melting, partial melting, or metamorphism of deeply buried shale and 
sandstone. Granites, therefore, are the result of rapidly injected coalescing sheets of magma, each of 
which cooled independently of the other sheets. Evidence of intrusion or great mobility indicates an 
igneous origin that stems from melting of sediments, and consequently granite dykes are clearly 
igneous (4).                                                      
                                                                  
      In terms of natural radioactivity, granites exhibit an enhanced elemental concentration of uranium 
U and thorium Th compared to the very low abundance of these elements observed in the mantle and 
the crust of the earth. Geologists provide an explanation of this behavior in the course of partial 
melting and fractional crystallization of magma, which enables U and Th to be concentrated in the 
liquid phase and become incorporated into the more silica-rich products. For that reason, Igneous 
rocks of granitic composition are strongly enriched in U and Th (on an average 5ppm of U and 15 ppm 
of Th), compared to rocks of basaltic or ultramafic composition (<1ppm of U) (5,6).  In this paper, the 
results of gamma radiation measurements in granite samples from Aswan to Wadi El-Allaqi 
southeastern desert of Egypt are presented. These results are of general interest since such rocks are  
globally used as building and ornamental materials.                                                     

                   
EXPERIMENTAL PROCEDURES AND METHODS 

 
Sampling and sample preparation                                                                                

 
    Twenty representing  granite rock samples from “ Umm Hibal samples 1-6, Abu Herigle samples 7-
9, Abu Marw samles 10-16, Gabal El Mesala samples 17-18 and Deneibit El Quleib samples 19-20 ” 
along  Aswan to Wadi Allaqi South Eastern desert of Egypt, were collected for investigation. Fig. (1) 
shows the location of the studied area. Each sample about 1- kg in weight were washed in distilled 
water and dried in an oven at about 110 OC to ensure that moisture is completely removed, The 
samples were crushed, homogenized, and sieved through a 200 mesh, which is the optimum size 
enriched in heavy minerals. Weighted samples were placed in polyethylene beaker, of 350-cm3 
volume each. The beakers were completely seald for 4 weeks to reach secular equilibrium where the 
rate of decay of the daughters becomes equal to that of the parent (7,8). This step is necessary to ensure 
that radon gas confined within the volume and the daughters will also remain in the sample.                  

                                                                 
Instrumentation and calibration  

  
     Radioactivity measurements were performed by gamma ray spectrometer, employing a scintillation 
detector 3"x 3". Its hermtically seald assembly which includes a high-resolution NaI (Tl) crystal, 
photomultiplier tube, an internal magnetic light shield, an aluminum housing and a 14 pin connector 
coupled to PC - MCA Canberra Accuspes. It has the following specifications:                                                    

                                   
1- Resolution 7.5% specified at the 662 keV peak of  137Cs.  
2-Window Aluminum 0.5mm thick, density 147 mg/cm2. 
3-Reflector oxide; 1.6mm thick; density 88 mg/cm2. 
4-Magnetic / light shield-conetic lined steel.                                                                                                     
5-Operating voltage positive 902V.dc. 

 
     To reduce gamma ray background, a cylindrical lead shield with a fixed bottom and movable cover 
shielded the detector. The lead shield contained an inner concentric cylinder of copper (0.3 mm thick). 
The soft component of cosmic rays, consisting of photons and electrons is reduced to a very low level 
by 100 mm of lead shielding. The X-ray (73.9 keV) emitted from lead by its interaction with external 
radiation is suppressed by the copper layer (9). The detection array was energy calibrated using Co-60 
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(1173.2 and 1332.5) keV, Ba-133 (356.1 keV) and Cs-137 (661.9 keV). Also, efficiency calibration 
curve was made using different energy peaks covering the range up to ≈ 2050 keV. 
     
      Daily efficiency and energy calibrations for each sample measurement were carried out to 
maintain the quality of the measurements. In order to determine the background distribution in the 
environment around the detector, an empty beaker was counted in the same manner and in the same 
geometry as the samples. The measurement time of activity or background was 43200 seconds. The 
background spectra were used to correct the net peak area of gamma rays of measured isotopes. The 
offline analysis of each measured γ-ray spectrum has been carried out by a dedicated software 
program Genie 2000.                                                         

 
Calculation of activity concentrations                                                                           

                                                  
     Calculations of count rates for each detected photopeak and radiological concentration (activity per 
mass unit of specific activity) of detected radionuclides depend on the establishment of secular 
equilibrium was reached between 232Th and 226Ra and they decay products. The gamma-ray transition 
of 1460 keV was used to determine 40 K.  The gamma-ray line of 351 keV (Pb-214) and 609, 1120.1 
and 1728 keV  (Bi-214) were used to determine 226Ra.  The gamma-ray line of (911.1 and 968.9) keV  
(Ac-228) and 238.1Kev of Pb-212  were used to determine the 232Th series. Since the detection system 
gives only count rate that is proportional to the amount of radioactivity in the samples, the 
radioactivity concentration in the environmental samples was obtained as follows:                                  

                              
(cps) net  

A =    ______________________ 

I x Eff  x m 
 where A is the activity concentration in Bq/kg,  (cps) net = the (cps)sample  - (cps)B.g,, 

                        I is the intensity of the γ-line in a radionuclide,  
            Eff  is the measured efficiency for each γ-line observed for the same number of channels either 
                 for the sample or the B.G, 
            m is the mass of the sample in kilograms.                                                                       

 
Uncertainties of activity 

 
The uncertainty of activity u (A) was calculated by the following   equation :   

                  
] [ ]222 )/()()/()([)]/()([)( mmuuuAAu NN pp
++= ηη

                   
From the equation, we can find that, there are many sources of uncertainties of the Activity and some 
may result in considerable uncertainties. The following sources of uncertainties were considered:     
Uncertainty of the determination of net peak areas: The uncertainty of each single net-peak area is 
determined by the spectrum-evaluation code. It takes into account the Poisson uncertainties of the 
counts in the individual channels as well as the uncertainty of the background determination. 
Sometimes a peak cannot be attributed unambiguously to a single nuclide. If the contributions were 
not negligible and the activity of one of the contributing nuclides can be determined using another line 
or in a later spectrum the interfering lines were corrected using this activity. If it seems that the 
contributions of other nuclides to a peak are very small no correction was applied. Due to this 
procedure we think that we have to assume a maximum inaccuracy of 2 % due to contributions of 
other nuclides but it must be pointed out that in the average this uncertainty should be smaller.                                         
Uncertainty of efficiency: The calibration standards used had a certified accuracy of < 2%. By 
measurements for many times it could be verified with a total uncertainty of the full-energy-peak 
efficiency of 5 %. 

 
GEOLOGICAL SETTING  

  
     The studied area are located along Aswan toWadi El-Allaqi South Eastern Desert, Egypt, this area 
are delineated by longitude 33º 00′ to  34º 00′ E and latitudes 22º 30′  to  24º 30′ N Fig. (1), the 
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investigated area are far from Aswan city about 250 Km, trending from NW to SE, the area are 
characterized by highly relief from different Pan African rocks of igneous and metamorphic rocks. 
Two major types of Granitoid have been recognized(11).The First type of Granitoid (old granite) is 
include syntectonic, calc-alkaline I-type. The second type are called (younger granite), are post-
orogenic mostly A-type. According to (12,13). Studied the basement complex of Egypt and classified the 
granitoide rocks into two phases, older phase of Grey granite and younger phase (14).  Classified the 
Egyptian granite into: 1) older granites they are Gray color and varying in composition from tonalite to 
granodiorite 2) younger granite varying in color from pink to red and ringing in composition from 
granitic to alkali granite. 
 

  
 

Fig 1: Map showing the location of the area studied.  
    
     Granitoid rocks constitute a major component of the Nubian Shield of Egypt.  The granitic rocks in 
the investigated area are recorded in five regions ( gabal El Messala, Umm El Hibal, Abu Herigle, Abu 
Marw and Deneibit El Quleib) from Aswan to Wadi Allaqi South Eastern Desert- Egypt. 
 

  Gabal El Messala: This area are delineated by longitude 33º 05′  to  33º 13′  E and latitudes 23º 50′  
to  23º 58′ N. The granitic rocks in gabal El Messala are characterized by semi circular, coarse grain 
and pink color. In this area are appears the contact between Nubian sandstone and the basement rocks 
(granite). Large plutons and big blocks characterize these granitic rocks so uses economically as 
building materials. 
 

     Umm-Hibal: This area are delineated by longitude 33º 10′  to  33º 20′  E and latitudes 23º 37′  to  
23º 50′ N. The granitic rocks in Umm Hibal are pink with yellowish in color, coarse grain,  massive,  
highly peaks and jointed. This area includes two sets of jointed N-S and E-W, sometimes cutting by 
post granitic dikes in N-S trend.  These rocks are not forming large blocks, highly weathered, jointed.  
 

     Abu-Herigle: This area are delineated by longitude 33º 07′  to  33º 10′  E and latitudes 23º 29′  to  
23º 34′ N. The granitic rocks in Abu Herigle are pink-black color, coarse grain, very massive and 
appear contact between this granite and Nubian sandstone. This area is moderately affected by joints. 
These rocks are forming large polders       

      Abu-Marw: This area are delineated by longitude 33º 17′  to  33º 28′  E and latitudes 23º 00′  to  
23º 10′ N. This area are located far away of Aswan city about 130km, The granitic rocks in this area 
are characterized by Oval shaped bodies, the area are contains two types of granite grey color granite 
are characterized by massive, medium to coarse grained, large masses exhibiting of gneissose texture 
as well as they enclosed some xenoliths of older rock and the other type are pink or red color 
characterized by massive, medium grained, highly weathered, highly jointed and youngest than gray 
granite. 
 

     Deneibit El-Quleib: This area are delineated by longitude 33º 22′  to  33º 28′  E and latitudes 22º 
43′  to  22º 48′ N, located far from Aswan city about 220 km. The area represents small part in the 
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western border of greater Abu Swayel area. This area is affected by two phases of folds. Isoclinal folds 
NW-SE axes striking where  the other is open folds NE-SW axes striking oriented. The Deneibit El 
Quleib area covered by circular granitic pluton intruded in ophiolitic mélange. The granitic rocks are 
characterized by circular body (4.2 - 4.4 km), it is relatively moderate to high peaks, they are fractured 
by pegmatitic to aplitic dikes and veins, exfoliated to large spheroidal bodes. They are gray color; the 
pluton is coarse grained but outwards change into medium and chilled fine-grained margin.          

 
GEOCHEMICAL FEATURES 

 

      The samples under investigation have analyzed for major elements in the laboratory of the 
department of geology, Assuit  University and trace elements by XRF spectrometry at Central 
Laboratories, Nuclear Materials Authority, Egypt. The analyzed samples are given in Table 1and 
figure 2. According to chemical behavior the SiO2 ranging from 71.03% to 77.01%, TiO2 ranging from 
0.12% to 0.65%, Al2O3 ranging from 9.82% to 12.28%, FeO total ranging from 2.5% to 5.01%, MnO 
ranging from 0.02% to 0.42%, MgO ranging from 0.13% to 0.42%, CaO ranging from 0.19% to 
0.53%, Na2O ranging from 3.12% to 4.72%, K2O ranging from 0.89% to 5.79%, P2O5 ranging from 
0.08% to 0.22%, V ranging from 2 ppm to 13 ppm, Cr ranging from 10 ppm to 14 ppm, Co ranging 
from 3 ppm to 14 ppm, Ni ranging from 10 ppm to 14 ppm, Cu ranging from 12 ppm to 25 ppm, Zn 
ranging from 45 ppm to 112 ppm, Ga ranging from 12 ppm to 35 ppm, Rb ranging from 35 ppm to 
175 ppm, Sr ranging from 4 ppm to 202 ppm, Y ranging from 36 ppm to 157 ppm, Zr ranging from 78 
ppm to 344 ppm, Nb ranging from 2 ppm to 27 ppm, Ba ranging from 115 ppm to 703 ppm and Pb 
about 2 ppm. 
     The rock samples are alkali granite by increasing in alkali ratio; they have sub alkaline and calc 
alkaline characteristics of low magnesian content with increasing in alkali content and slitlly 
decreasing in iron. The granitoids of the studied areas have the typical feature of I-type granite and 
anorogenic in tectonic setting reflects by decreasing in K and Na constants.  

 

Table: (1) Chemical analyses of the major elements of the studied areas. 
 

 SiO2 TiO2 A12O3 FeO MnO MgO CaO Na2O K2O K2O5 L.O.I Total
Umm  Hibal 

1 75.30 0.4 10.12 3.45 0.15 0.21 0.4 3.8 4.5 0.08 0.45 98.86
2 73.81 0.54 11.01 3.93 0.2 0.19 0.35 4.5 4.49 0.19 0.56 99.77
3 72.5 0.73 10.9 4.23 0.31 0.16 0.19 4.69 5.27 0.09 0.62 99.69
4 72.92 0.6 11.33 4.07 0.25 0.17 0.2 4.77 5.01 0.11 0.46 99.89
5 74.3 0.52 10.77 3.99 0.28 0.23 0.25 3.80 5.21 0.22 0.33 99.9 
6 74.23 0.60 10.99 4.58 0.13 0.15 0.21 4.05 4.75 0.09 0.22 100 

Abu  Herigle 
7 72.14 0.46 11.82 4.74 0.23 0.19 0.3 4.37 5.2 0.1 0.38 99.93
8 71.98 0.65 11.89 4.01 0.25 0.23 0.53 4.72 5.47 0.13 0.14 100 
9 71.03 0.41 12.23 5.01 0.04 0.32 0.31 4.32 5.79 0.10 0.44 100 

Abu  Marw 
10 73.01 0.30 11.98 3.99 0.03 0.29 0.25 4.23 5.01 0.13 0.55 99.77
11 72.03 0.32 12.07 4.33 0.03 0.30 0.30 3.99 4.99 0.14 0.47 99.97
12 71.84 0.33 12.28 4.56 0.05 0.33 0.28 4.56 5.06 0.11 0.43 99.83
13 73.82 0.29 11.03 4.23 0.02 0.34 0.33 3.87 5.22 0.10 0.49 99.94
14 73.35 0.27 11.05 4.09 0.06 0.32 0.31 4.55 4.77 0.13 0.50 100 
15 73.80 0.63 11.73 3.52 0.07 0.45 0.36 3.75 5.2 0.11 0.37 100 
16 75.62 0.51 10.51 3.21 0.06 0.37 0.29 3.27 4.61 0.13 0.42 100 

Gabal  El-Mesala 
17 75.72 0.49 10.38 3.11 0.03 0.39 0.31 4.65 4.5 0.09 0.42 99.99
18 76.81 0.47 9.97 3.22 0.05 0.42 0.3 3.12 5.1 0.13 0.41 100 

Deneibit  El-Quleib 
19 74.22 0.12 11.01 4.66 0.16 0.13 0.22 4.02 5.02 0.15 0.29 100 
20 73.95 0.13 10.44 4.86 0.17 0.16 0.21 4.29 5.08 0.18 0.31 99.78
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RESULTS AND DISCUSSION 
 
     Analytical results for the activity concentrations for 226Ra, 232Th and 40K in Bq/kg for the five 
locations in the area under investigation determined for each of the measured samples together with 
their total uncertainties are presented in table 2. From the table, the activity concentration of 226Ra 
ranged from 4.694 to 24.003 Bq/kg, of 232Th from 6.9394 to 31.2774 Bq/kg and of 40K from 270.6226 
to 417.7631Bq/kg.  In this study, Abu-Herigle appears to present the highest concentrations for the 
elements investigated, reaching levels of 24.003 Bq/kg for 226Ra, 31.277 Bq/kg for 232Th and Umm 
Hibal appear the highest concentration in 40K reaching 589.985 Bq/kg. Gabal El Messala, and Abu 
Marw exhibit the second and third highest concentration of 226Ra reaching 23.481 and 20.812 Bq/kg, 
respectively while for 232Th Reaching 19.799 and 25.657 Bq/kg respectively, and for 40K reaching 
407.936 and 417.763 Bq/kg.  
       
       The obtained results for 226Ra are lower than the average international radioactivity levels which is 
35 Bq/kg (15) except in sample 20 in Deneibt El-Quleib reaching 70.604 Bq/kg. The 232Th results are 
lower in all locations than the average international radioactivity levels 50 Bq/kg. The 40K results are 
also lower in all locations than the average international radioactivity levels 500 Bq/kg except in 
sample1 in Umm Hibal reaching 589.985 Bq/kg. The measured activity concentrations of 226Ra, 232Th 
and 40K can be converted into total elemental concentrations in ppm. The extracted values for the 
elemental concentration are summarized in table 3.  
  

Table (2): The activity concentration of Ra-226 , Th-232 series 
 and K-40 in (Bq/kg) of the studied samples 

 

Ra-226 Th-232 K-40 Sample 
number A in Bq/kg A in Bq/kg A in Bq/kg 

1 6.63±0.08 9.89±0.30 589.95 ±2.95 
2 6.79±0.10 12.46±0.45 471.74±2.36 
3 5.03±0.06 9.17±0.35 374.13±1.87 
4 5.83±1.09 8.38±0.20 306.83±1.53 
5 5.37±0.07 7.70±0.23 347.19±1.74 
6 4.69±0.09 6.94±0.22 280.67±1.40 
7 24.00±0.17 31.28±0.58 387.54±1.94 
8 16.11±0.12 20.74±0.32 309.01±1.55 
9 15.35±0.12 22.06±0.34 352.59±1.76 

10 18.82±0.14 25.19±0.51 365.47±1.83 
11 17.18±0.16 21.09±0.29 340.02±1.70 
12 12.45±0.10 16.89±0.22 270.62±1.35 
13 20.81±0.23 25.66±0.38 383.30±1.92 
14 4.12±0.07 5.27±0.22 358.13±1.79 
15 4.76±0.08 9.05±0.22 375.26±1.88 
16 5.18±0.10 8.04±0.38 417.76±2.09 
17 23.48±0.49 19.80±0.24 374.79±1.87 
18 15.87±0.13 11.58±0.65 407.94±2.04 
19 15.64±0.19 16.35±0.44 351.42±1.76 
20 70.60±0.89 22.38±0.59 340.32±1.70 

 

     
     Most studies of igneous rocks, whether from abroad or from individual local sampling show that 
both U and Th increase in abundance toward later crystallizing and more acidic rock types. For Th in 
igneous rocks, it is usually present in accessory minerals such as monazite, thorite, zircon and allanite. 
The content of Th generally increases with SiO2  content and closely follows U during differntation or 
partial melting. The increase of U with both SiO2 and alkali content is usually more marked than the 
increase of Th. 
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Table (3): The activity concentration of Ra-226 , Th-232 series 
and K-40 in   ppm of the  studied samples 

 
     

Sample 
number 

Ra-226 
 A in ppm 

Th-232 
 A in ppm 

K-40 
 A in ppm 

1 0.52 2.38 2.23 
2 0.54 3.00 1.78 
3 0.40 2.21 1.41 
4 0.46 2.02 1.16 
5 0.42 1.85 1.31 
6 0.37 1.67 1.06 
7 1.90 7.52 1.46 
8 1.27 4.99 1.17 
9 1.21 5.31 1.33 

10 1.49 6.06 1.38 
11 1.36 5.07 1.28 
12 0.98 4.06 1.02 
13 1.64 6.17 1.45 
14 0.33 1.27 1.35 
15 0.38 2.18 1.42 
16 0.41 1.93 1.58 
17 1.86 4.76 1.42 
18 1.25 2.78 1.54 
19 1.24 3.93 1.33 
20 5.58 5.38 1.29 

 
 
Radium equivalent activity (Ra eq): The distribution of 226Ra ,232Th and 40K in granite is not uniform. 
Uniformity with respect to exposure to radiation has been defined in terms of radium equivalent 
activity (Raeq) in Bq/kg to compare the specific activity of materials containing different amounts of  
226Ra ,232Th and 40K. It is calculated through the following relation (16): 
Ra eq = CRa + 1.43CTh +0.07CK, 
where CRa, CTh and  CK  are the activity concentration of 226Ra ,232Th and 40K in Bq/kg, respectively.  
 
Estimation of gamma radiation dose: The gamma radiation doses for the population living in the 
areas near granite mine is due to the granite content of radionuclides which can be estimated by 
employing a half-infinite source of a homogenous distribution and by considering only the 
contribution D, from the natural radionuclides in the granite. The convenient formula is given as (16): 
 D = 0.427CU + 0.662 CTh + 0.043 CK   nGy/h,  
where CU, CTh   and  CK   are the concentration of uranium, thorium and potassium. 
 
The external hazard index (Hex): is given by the following equation: 
H ex = C Ra /370 +C Th /259 +C K / 4810 ≤ 1. 
The upper limits of radioactivity levels to general population can be exposed is 0.5nGy/yr. Where C is 
the specific activity in Bq/kg of the radionuclide considered. Table 4 gives the radium equivalent 
activity (Raeq) in Bq/kg, dose rate and external hazard indices Hex of the granite sample under 
investigation. 
 
     The value of dose rates are lower than the international limit (55nGy/h) as given in UNSCEAR 
data. The calculated external hazard value for all samples are to be lower than unity, which do not 
cause any harm to workers in this region under investigation. 
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Table 4: The dose rate (nGy/h) , equivalent radium (Bq/kg) andexternal 

hazard indices Hex of the granite sample of wadi El-Allaqi area. 
 

Sample 
name 

Raeq   
(Bq/kg) 

Dose rate 
 (nGy/h) 

Hex 
  

1 55.44 9.63 0.16 
2 50.83 11.35 0.15 
3 39.31 8.38 0.11 
4 33.47 8.17 0.10 
5 35.31 7.54 0.10 
6 29.57 6.72 0.09 
7 71.85 31.12 0.20 
8 51.29 20.74 0.14 
9 56.23 21.31 0.16 
10 61.61 24.87 0.17 
11 53.95 21.44 0.15 
12 43.09 16.61 0.12 
13 63.52 26.04 0.18 
14 32.60 5.40 0.09 
15 39.21 8.19 0.11 
16 40.75 7.72 0.12 
17 54.55 23.29 0.15 
18 45.12 14.62 0.13 
19 47.98 17.66 0.14 
20 55.82 45.11 0.16 

 
Figure 2 shows the chemical analysis of the trace elements of the studied area where figure 3 and 4 
presents the activity concentration of RA-226 and Th-232 series and K-40 in ppm   and in Bq/kg 
respectively. 
 

  
Chemical analyses of the trace elements of the studied areas
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Fig 2: Chemical analyses of the trace elements of the studied areas  
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Fig 3: The activity concentration of Ra-226 and Th-232 series and K-40 
in ppm of the studied samples 

 

  
 

Fig 4: The activity concentration of Ra-226 and Th-232 series 
and K-40 in (Bq/kg) of the studied samples 

 
CONCLUSION  

  
     Exploitation of high-resolution γ-ray spectroscopy provides a sensitive experimental tool in 
studying natural radioactivity and determining elemental concentrations and dose rates in various rock 
types. According to the present study, granite of the investigated area represents that the average of 
natural radioactivity are lower than the international recommended limit The data obtained here are 
reference values to be used as a data baseline for drawing a radiological map of Aswan-Wadi El-
Allaqi region.  
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