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ABSTRACT 
The basement complex at Hadarba area is late Proterozoic rocks and is considered as a part of the Pan 

African shield. Nine samples representing nine regions were collected from the stream sediments at different 
locations at Hadarba area in the south eastern desert of Egypt. 

The activity concentrations of the terrestrial radionuclides; U-238, Th-232, Ra-226 and K-40 were 
determined to evaluate the radiation hazard indices. Besides, a mineralogical study was performed using a 
representative sample to know the controlling minerals responsible for the radiation were especially the ratio of 
K-40 and study the economic minerals in this area. 

The light and heavy fractions of stream sediments of Hadraba were separated using bromoform (sp. Gr. 
2.85). The light mineral are mainly quartz, feldspars (potash feldspars) represented the major part of the sample 
ranging from 50-55%. The heavy fraction are about 20% include magnetite, ilmenite, rutile, Zr, Garnet, 
monazite and epidote. The mineralogical compositions of both light and heavy show that they are similar to 
those of Nile sediment.   

 The average values of the specific activities for Ra-226, Th-232 and K-40, were found to be 11.30, 
9.83, and 411.37 Bq/kg, respectively for the studied region. Also the average activity value for the Rn-222 
daughters, Pb-214 and Bi-214, was 11.49Bq/kg. The average values of the radiation hazard indices; the radium 
equivalent (Raeq), the external (Hex) and internal (Hint) hazards, the absorbed gamma dose rate (D), and the 
effective annual dose rate (AEDR) for the studied area were found to be 57.03 Bq/kg, 0.154, 0.185, 28.31 
nGy/h, and 0.035 mSv/y, respectively. These values are less than the world permissible values. It could be 
concluded that the study area is safe for the population, agricultural use and any other activity. 
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Introduction 
 

The study area is covered by a succession of igneous rocks. It comprises tonalite – granodiorite suite, 
alkali feldspar granite and dokhan volcanics. These rocks were invaded by sub parallel acidic and intermediate 
dyke swarms.  

Heavy fraction found that it contains zircon, monazite with little amount, this answer the reason of ,  
&  radiations content. In this area also, the presness of epidote mineral and feldspars were change into feldspar 
due to the effect of pressure and temperature condition. 

The stream sediments at Hadraba area are organized as a result of the orientation and weathering of the 
mentioned rocks (Dokhan volcanics, alkali feldspar granite, Wadi deposits and tantalite-granodiorite as in Fig 1 
a,b,c), spreading their mineral components over the surrounding wadis and depression area. 

Natural radiation is caused by uranium and thorium isotopes, their long chains of decay products, and 
potassium, which are commonly present in rocks and soils. Th-232 and U-238 concentrations are typically 
determined from the decay of the daughter nuclides which emits relatively high energy γ-rays.  Natural U 
comprise of U-238 (99.28% ) and U-235 (0.71%) whereas natural Th is totally constituted by Th-232 (El Zakla, 
2013 and Sahar  and  Mustafa, 2013). The nuclide K-40 which is the only radionuclide in naturally occurring 
potassium has an abundance of 0.0117 % of the weight of potassium. The K-40 nuclide emits a γ-ray energy 
1460.8 keV with an emission probability of 10.7 % and this decay is utilized to obtain the concentration of 
potassium in natural rocks.  People are exposed to these radiations because of the occurrence of these natural 
radioactive elements in the earth’s environment (Saad et al., 2013; Tzortzis  et al., 2013; Singh  et al., 2005 and 
Abbady  et al., 2006). 

Radon (Rn) is a noble, colorless and odorless gas formed by radiogenic decay of uranium and thorium. 
Radon has different radioactive isotopes. Rn-222  (T 1/2= 3.82 days), a daughter product of radium, Ra-226, 
which in turn is derived from the longer-lived antecedent, U-238 and Thoron,  Rn-220 (T1/2 = 56 seconds) which 
is a daughter of thorium, Th-232, because of thorn's short half-life, it is essentially all gone before it leaves the 
ground, and is of no significant radiobiologic consequence. Therefore the most common radiogenic isotope is 
Rn-222 (www.physics.isu.edu). About one-third of the total radiation dose to humans is due to the inhalation of 
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short-lived radon progeny in the atmosphere. It is well known that inhalation of the short-lived decay products 
of radon and its subsequent deposition along the walls of the various airways of the bronchial tree, provide the 
main pathway for radiation exposure to the lungs (ICRP, 1993; UNSCEAR, 1993 and  Richard, 2005) .  

The aim of the present work is to determine the specific activity of Ra-226, Rn-222 from its daughters 
(Pb-214& Bi-214), Th-232 from its daughters (Ac-228 and Tl-208) and K-40 for nine samples collected from 
different regions in Hadarba area south eastern desert, Egypt. From these results we can deduce the following 
radiation hazards indices: the radium equivalent activity, absorbed gamma dose rate, effective annual dose rate, 
and the external and internal hazards indices to estimate the safety of this region, as well as to identify the 
common mineral constituents of these deposits. 

  
1. Location and Sampling:  

 

Hadarba area is located in the southern extremity of the Eastern Desert of Egypt near the Sudan 
Frontier and occupies the southern half of Elba topographic sheet (NF-37 I). It is easily reached through the 
asphaltic road Marsa Alam- Halaib along the Red Sea coast. It lies at a distance of about 50 km  south of Abu-
Ramad city. It is bounded by Latitudes  22°  00  to 22° 10 N and longitude 36° 37 to 36o 65 the Red Sea coast 
covering area about 200 km2. Geomorphologically, the area is characterized by the rough Red Sea mountains, 
moderate isolated hills, conical low hills, Wadi floors and coastal plain. The important mountains encountered 
in the area are Gabal Hadarba and Gabal Shellal and the important Wadis are Shellal and Wadi Aqilhoq. 

 
 

  
 

Fig.1 a.  Rounded to subrounded mafic rich xenolithes in 
tonalite-granodiorite. (looking SW) 

 

Fig.1 b. Crystal lapilli tuffs in Dokhan volcanic Fig.1 c. Flow banded acid volcanics 

 

 
Nine samples along the extending of Wadi Hadraba are take in equal distance to represent the all wadi as 

shown in Fig. (2) by quarting take sample from these nine sample and mixed well together to mineral 
investigation and the remain sample to radiometric measurements 

 
2.1 Topographic of the study area 
 
2.1.1.Dokhan volcanic 
 

Dokhan volcanics are widely distributed at Hadarba area. These rocks form a sequence of interbanded, 
intercalated laminated acidic lava, amygdaloidal andesitic lava, pyroclastic deposits and explosive volcanic 
breccias. They are massive, undeformed and extruded into the surrounding tonalite-granodiorite and alkali 
feldspar granite rocks Fig. 1b. 

 
2.1.2. Alkali feldspar granite 
 

The alkali feldspar granite is well represented as low to moderate hills at Wadi Aqilhoq and north 
Gabal Hadarba.  These rocks are pale-pink to pink color; medium to coarse grained and composed of quartz, k-
feldsparand biotite. The alkali feldspar granite intrudes tonalite- granodiorite and dukhan volcanic and cross cut 
by swarms of felsites and acidic dykes. 

 
2.1.3. Tonalite – granodiorite 

 
The tonalite - granodiorite is widespread rocks unite encountered in the area. These rocks are well 
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represented at Wadi Aqilhoq and north Gabal Hadarba. They form NNW elongated belts of low to 
moderate relief, weathered, exfoliated and composed essentially of quartz, plagioclase, k feldspar, and biotite. 
These rock contained subrounded to subangular mafic rich xenolithic up to 20 cm in diameter Fig. 1a. These 
rocks are extruded by Dokhan volcanics and intruded by monzogranite. The tonalite-granodiorite is invaded by 
swarms of dykes trending E-W and NW-SE mainly of felsites, rhyolite porphyry and intermediate composition. 

       

 

 

Fig. 2. Location map and sampling for Hadarba area. 

  
3. Experimental Methods and Techniques 
3.1. Mineralogical Investigation 

Nine samples were collected from different locations at Hadraba area. To identify the common 
minerals constituents of the stream sediment at the studied area, a portion from each sample was driven by 
quartering and the nine portion were mixed together to make a composite sample representing these sediments 
over the studied area. The sample was sieved using +2mm sieve to remove trash materials, and stirred with 
water, in addition to 5% HCl and 20% H2O2, to remove slimes, organic matters and iron oxides.  After that, the 
sample was dried, weighed. 

 The free slime sample was subjected to heavy liquid separation technique using bromoform solution 
(sp.gr. 2.80g/cm3). 

The heavy fractions separated by bromoform were weighed and their percentages were calculated. The 
heavy fractions that resulted from the heavy liquid separation were magnetically fractionated by using a 
permanent hand magnet to collect magnetite grains from the samples and then the free-magnetite samples were 
magnetically fractionated by using Frantz Isodynamic Magnetic Separator (Model L1) at 0.2 amp, 0.5 amp, and 
1 amp, 1.5 magnet and 1.5 non-magnet current amperes. The resulted magnetic sub-fractions were weighed and 
the frequency of each subfraction was calculated. This procedure is described through the flow sheet presented 
in Fig. 3. A suitable quotient was taken from each magnetic subfraction by quartering, counted under a 
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binocular stereomicroscope. The weight percentage of the concerned heavy minerals was calculated according 
to Stakhov, et al., (1957) (Table 5). Mineralogical investigation was confirmed using X-ray diffraction (XRD) 
technique. A Phillips X-ray diffractometer (Model PW-1010) with a scintillation counter (Model PW-25623/00) 
and Ni filter was used.  

The heavy minerals separated by bromoform solution were 20% heavy minerals and 80% light 
minerals. Light minerals contain about 50% - 55% feldspar minerals coarse and fine grains which controlling 
the K – 40, Figs. 4(a-b). These heavy minerals are mainly ilmenite, black rutile, Fig.  (5a, b) and Table 1; zircon 
Fig. (6) and Table (2); magnetite, garnet, monazite Fig. (7a, b,c) and Table (3,4); epidote Fig. (8) and Table (5). 

  

Represented sample 
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                                    Heavy Fractions                                                                          Light Fractions 

      20%                                                                                             80% 

                                                                                                                                        (Feldspares 55%)  

                                                                                                                                     (Silica minerals 25%) 

                                       Magnetic Fractionation (Amper) 

 

 

       Mg.     0.2        0.5       1       1.5       1.5-non 

 

          

 

                           Microscopic Examination 

                          

                            X-RD Examination 

Fig. 3. The flow sheet of the sample treatment 
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Light Fractions 

  
 Fig. 4a. Photograph showing the coarse feldspar  grains.  Fig. 4b. Photograph showing the fine feldspar grains. 

 

 Fig. 4c.Photograph showing the epidote grains. 

 

 
Heavy fraction 
 
Table 1.X-ray diffraction (ASTM card) of rutile and Ilmenite 

Sample No. Rutile (4-0551) Ilmenite (3-078) 

d/A0 I/I0 d/A0 I/I0 d/A0 I/I0 
4.93 13   3.73 50 

3.24 100 3.245 100 2.74 100 

3.00 80     

2.84 80   2.54 85 

2.61 73     

2.49 5 2.489 41 1.86 85 

2.29 24 2.297 7   

2.7 2 2.188 22 1.72 100 

2.10 18     

    1.50 85 

 
Table 2.X-ray diffraction (ASTM card) of Zircon 

Sample No Zircon           (6-0266) 

d/A0 I/I0 d/A0 I/I0 

4.43 10 4.43 45 

3.30 100 3.30 100 

2.65 3 2.650 8 

2.52 20 2.518 45 

2.35 5 2.336 10 

2.07 29 2.066 20 

1.75 10 1.751 12 

  

Table 3.X-ray diffraction (ASTM card) of Magnetite and Garnet. 

Sample No. Magnitite (4-0551) Garnet  (3-078) 

d/A0 I/I0 d/A0 I/I0 d/A0 I/I0 

4.85 7 4.85 8   

3.70 4   4.04 30 
3.25 9   2.87 40 

2.97 31 2.97 30   

2.74 11   2.57 100 

2.70 9   2.45 5 

2.53 100 2.53 100   

2.42 5 2.42 8 2.35 20 

2.22 2   2.26 20 

2.10 26 2.10 20 2.10 20 

1.86 6   2.04 10 

1.72 11   1.87 30 

1.71 12 1.72 10 1.66 30 

1.62 31 1.62 30 1.60 40 

1.48 44 1.49 40 1.54 50 
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Table 4:X-ray diffraction (ASTM card ) of monazite 
Sample No. Monazite (11-556) 

d/A0 I/I0 d/A0 I/I0 
4.19 13 4.17 25 
3.51 38 3.51 25 
3.31 50 3.30 50 
3.10 100 3.09 100 
2.87 35 2.87 70 
2.15 19 2.15 25 

 
Table 5. EDAX analysis of Epidote and grains 

Elements  Epidote 

Mgo 3.13 

Al2O3 41.78 

SiO2 20.88 

So2 3.04 

Sl2O 1.33 

K2O 2.14 

CaO 3.02 

TiO2 1.47 

MnO n.d 

Fe2O3 20.49 

CuO 1.29 

Zno 1.43 

  

 Fig. 5a. Photomicrograph of rutile Fig. 5b.Photomicrograph of Ilmenite 

 

Fig. 6.Photomicrograph of Zircon 

  

Fig. 7a. Photomicrograph of Magnetite grains 

 

Fig. 7b. Photomicrograph of Garnet grains 

 

Fig.7c. Photomicrograph of monazite grains 

 

 Fig. 8. EDAX analysis of Epidote and grains 
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3.2. Radiometric Measurements  
 
3.2.1. Samples preparation  
 

For the radiometric measurements, the samples were then filled in 200 ml polyethylene containers, 
weighed, sealed and stored for about one month in order to allow radioactive secular equilibrium to be reached. 
This step ensures that radon gas and its daughters remain in the samples.  

3.2.2. Gamma- rays measurements 

The gamma-ray spectra for the different samples have been studied using a Hyper Pure Germanium 
gamma-ray spectrometer. The hyper pure germanium crystal has a diameter of 49.3 mm and a length of 47.1 
mm, the end cap to crystal distance is 3 mm, and the absorbing beryllium layer is 0.5 mm. The detector is 
coupled to an ORTEC spectroscopy amplifier model 572A and an IBM compatible PC with MCA card 
(Maestro-32). To reduce the background a shield consisting of a lead cylinder together with a concentric copper 
cylinder, with a movable cover, shielded the detector. 

The relative as well as the absolute efficiencies versus energy relations of the spectrometer were 
studied. The peak to Compton ratio is 51.7 and the resolution is 1.9 keV at the 1332.5 keV gamma transition of 
Co-60. The gamma-ray spectrum of the background was recorded for at least twenty four hours to be taken in 
consideration.  

The gamma-ray spectra of the different samples were accumulated for at least twenty four hours each, 
and were analyzed to detect the gamma-ray energies due to uranium, thorium and their daughters, and due to 
potassium, and then the counting rate for each gamma transition was determined.  

 

The specific activity ( A ) was calculated using the following relation: 

)(kg/Bq
mI

N
A 1




  

Where: N, ε, I , and m are the counting rate (Bq), the detector absolute efficiency, the branching ratio 

of the gamma  transition and  m the mass of the sample (kg), respectively. 
In the present work, the activity of Ra-226 is determined from 186 keV γ transition. The activity of Rn 

-222 is calculated from the activity of its daughters Pb – 214 (295 & 352 keV) and Bi-214 (609.3, 1120.3 and 
1765 keV). The activity of Th-232 is determined as an average activity from its daughters Ac-228 (911.2 keV) 
and Tl-208 (583.1, and 2614 keV). The activity of K-40 is measured directly by 1460.8 keV. 
 

3.2.3. The radiation hazard indices 

  Since 98.5% of the radiological effect of the uranium series is produced by radium, therefore the 
contribution from the U-238 series has been replaced with the decay product Ra-226 (Joga et al., 2009). 
Because these rocks could be used in many industries, therefore the γ-ray radiation hazards due to the specified 
radionuclides were assessed by the radium equivalent activity which is an index that has been introduced to 
represent the specific activities of Ra-226, Th-232 and K-40 by a single quantity. It takes into account the 
radiation hazards associated with them, based on the estimation that 370 Bq/kg of Ra, 259 Bq/kg of Th, and 
4810 Bq/kg of K produce the same gamma-ray dose rates and can be calculated according to Beretka, and  
Mathew,1985; Veiga et al.(2006) and Kilic,  and  Aykamis,2009) equation(2): 

  
Bq/kg       (2)    K+ 0.077A Th+ 1.43 A Ra= A eqRa 

Where: ARa , ATh and AK  are the specific activities (Bq/kg) of Ra-226, Th-232 and K-40, respectively .  
Beretka and Mathew,(1985)  defined two other indices that represent the external and internal radiation 

hazards. The external hazard index is obtained from Raeq expression through the supposition that its maximum 
allowed value (equal to unity) corresponds to the upper limit of Raeq 370 Bq/kg for save use. This index value 
must be less than unity in order to keep the radiation hazard insignificant; i.e. the radiation exposure due to the 
radioactivity from construction materials is limited to 1.0 mSv/y. Then, the external hazard index can be defined 
as: 

Hex = ARa /370 + ATh/259 + AK /4810         (3) 
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The internal hazard (Hint) is calculated using the following relation: 
Hint = ARa /185 + ATh /259 + AK /4810         (4) 

The absorbed gamma dose rate in air one meter above the ground surface for the uniform distribution 
of radionuclides (Ra-226, Th-232 and K-40) was calculated using the formula (Veiga et al., 2006 and Kilic and 
Aykamis, 2009). 

                               D= 0.462ARa + 0.604ATh + 0.0417AKnGy/h              (5) 

ARa, ATh and AK are the specific activities of Ra-226, Th-232 and K-40 in Bq/kg, respectively. 
To estimate the annual effective dose rate (AEDR), the conversion coefficient from absorbed dose in 

air to effective dose (0.7 Sv Gy-1) and outdoor occupancy factor (0.2) proposed by UNSCEAR, (2000) and El 
Afifi, et al., 2005)  are used. 

(6))(mSvyr 10*1.23=                                            

0.2 *
nGy10

mSv10
*0.7*8760hyr*)(nGyh D = )(mSvyr AEDR

1-3-

9

3
1-1-1-

D

 

 

Results and Discussion 

4.1. Evaluation of the mineral content in the stream sediments at Hadarba area 

  As mentioned before the heavy minerals separated by bromoform solution, it was found 20 % heavy 
minerals and 80 % light minerals, feldspar minerals coarse and fine grains. The heavy minerals are mainly 
magnetite, ilmenite, garnet, black rutile, zircon, monazite and epidote. 

  
Rutile {TiO2}: 

 

It is of elongated and prismatic grains concentrated in the non-magnetic and magnetic fractions at 1.5 

amp. It has a black color  to reddish brown to opaque color its ratio 5%  is confirmed by X-ray diffraction 

(ASTM card) (Fig. 5a) and table (1). 

 

Ilmenite {FeTiO3}: 

It is mostly black with bluish or violet tint, consists of tabular or rhombohedral grains with percent 
ranging from 30% is confirmed by X-ray diffraction (ASTM card) (Fig. 5b) and table (1) and separated 0.2 
amp. Magnet and 0.5 amp. 
 

Zircon {ZrSiO4}: 

 

Zircon occurs predominantly as fine to very fine euhedral to subhedral grains. They are commonly 
prismatic to elongated grains of good adamantine luster. Some of the yellow prismatic with percent 3% is 
confirmed by X-ray diffraction (ASTM card) (Fig. 6) and table (2). It separated at 0.5 amp. Magnet and 1.5 
amp. Non magnet. 

 
Magnetite {Fe2O3}: 

It is obtained by small hand magnet and consider the major constants of heavy mineral after Ilmenite 
where recorded 40% to 25%, It is composite grains with quartz hematite and apatite inclusions, It has black 
color with angular and sub angular grains is confirmed by X-ray diffraction (ASTM card) (Fig. 7a) and table (3). 
Some grains separated at 0.2 which low magnetism. 
 

Garnet {Fe, Al SO4}: 

Garnet occurs as reddish-brown transparent to translucent massive grains of granular form, possessing 
vitreous luster and being usually hard with percent 7% is confirmed Fig. (7b) and table (3).  
 

Monazite {(Ce,La,Nd,Th)PO4}: 
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Occur in the fine sand size as rounded grains, translucent of honey yellow in color or colorless, It is 
ratio reaches 1%, affected by both mechanical and chemical weathering. It is confirmed by X-ray diffraction 
(ASTM card) (Fig. 7c) and table (4). 

 
Epidote: {Ca2(Al,Fe)Al2O(SIO4)(SI2O7)(OH) }: 

The binocular microscope examinations show that the epidote grain are elongated and rounded, 
exhibiting vitreous luster and yellowish color. The EDAX shows that it has Al2O3 (41.78%), SiO2 (20.88%), 
Fe2O3 (20.49%) and Cl2O (1.33%) TiO2 content 1.47%. It separated at 1.5 amp. Non magnet its ratio 14% Fig. 
(8) and table (5). 

The heavy fraction in the studied sediments contain radioactive mineral as zircon and monazite. This 
also accepted with radiometric measurements where this two minerals responsible for U and Th concentrations. 
Also the light minerals fraction in the stream sediments at Hadarba area ranges from 50 to 55% K-feldspar.  

 

4.2. Activity concentrations of the terrestrial radionuclides and the relevant hazard indices 

The activity concentrations of Ra-226 and Rn-222 in Bq/kg are shown in table 6.  The specific 
activity for Ra-226 ranged from 8.63 to 15.21 Bq/kg with an average of 11.30 Bq/kg. The activity of Rn-222 
daughter Pb-214 ranged from 9.41 to 16.96 Bq/kg and Bi-214 activity ranged from 9.00 to 16.47 Bq/kg. The 
average concentration of Rn-222 is equal to 11.49 Bq/kg.  

The average specific activity for U-238 for each region is also estimated and found to vary from 9.39 
for sample Ha6 to a maximum of 16.29 for sample Ha2. 

In addition the Uranium average activity for the studied region is also shown in table 1 to be equal 
11.46± 2.03 Bq/kg.It is also clear that the average activity ratio of Radium -226 to U-238 for the studied 
region equals 98.6% in agreement with Joga et al., 2009.    

Table (7) represents the average concentrations of U-238, Th-232 in Bq/kg, and in ppm, for K-40, in 
Bq/kg and percentage where 1ppm of U-238 corresponds to 4.04 Bq/kg, 12.36 Bq/kg for Th-232 and 313 Bq/kg 
for 1% K-40 (IAEA, 2003) . The maximum activity concentrations of   U-238, Th-232 and K-40 are 16.29, 
11.61 for sample Ha-2 and 530 Bq/kg for Ha-5, respectively. 

The radiation hazard indices are represented in Table (8). From the present results, Raeq values vary 
from 50.80 to 69.52 Bq /kg with an average of 57.03 Bq/kg. The internal hazard indices (Hint) varies from 0.163 
to 0.222 with an average of 0.185 and external hazard indices (Hex) varies from 0.137 to 0.188 with an average 
of 0.154, while the absorbed gamma dose rate varies from 25.37 to 34.73 nGy/h with an average value of 28.31 
nGy/h and the effective annual dose rate varies from 0.0311 to 0.0426 mSv/y with an average value of 0.0347 
mSv/y. 

All these values are less than the permissible values as clear from table 3 therefore it is concluded that 
the Hadarba area in the South Eastern Desert in Egypt is safe for the population, agricultural use and any other 
activity.  
       

Table 6: The activity concentrations of Ra-226 , Rn-222 daughters and Average activity of U-238 in Bq/kg. 
U-238 

daughter 
Daught

er 
Isotope 

Ener
gy 

(keV) 
Ha1 Ha2 Ha3 Ha4 Ha5 Ha6 Ha8 Ha9 Ha10 

Avera
ge  

activity 
Ra-226 Ra226 186 11.06 15.21 12.39 12.88 12.59 8.97 9.14 10.84 8.63 11.30 
Rn-222 

daughter 

Pb214 295 11.05 16.96 11.77 12.99 11.34 9.93 10.24 10.84 10.07 11.69 
Pb214 352 10.45 16.67 12.18 12.56 11.55 9.41 10.32 10.50 10.23 11.54 
Bi214 609 10.15 16.21 11.57 12.15 10.63 9.00 10.01 10.39 10.43 11.17 
Bi214 1121 10.18 16.47 12.19 12.09 11.32 9.26 10.61 10.21 10.37 11.41 
Bi214 1765 10.60 16.21 12.01 12.54 12.91 9.74 9.76 10.51 10.55 11.65 

Average activity of U-238 10.58 16.29 12.02 12.54 11.72 9.39 10.01 10.55 10.05 11.46 

 
Fig. (9) shows the relative dose rate for Ra-226, Th-232 and K-40. The higher dose rate was observed 

for K-40 in all the samples compared to the other radio nuclides. 
The high content of K-feldspar in light fraction make this area suitable for ceramic industrial. However, 

this result agrees with radiometric measurements which reveals the high activity concentration of K-40 in the 
stream sediments at the studied area, Table (7).  

Generally, Hadraba area is radiometry safe area so it is more suitable for industrial, population, 
agriculture and any other activities. The stream sediments at Hadarba area contain the economic mineral such as 
garnet and epidote. Besides, the above studied area may be considered as a source of two economic minerals; 
magnetite and ilmenite with high ratio which is important in pigment industries.The studied area lies near the 
Red Sea and has asphaltic roads which make it qualified to exporting. 
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Table 7: The activity concentration of the samples in Bq/kg and in ppm for U& Th  and in percentage for K 

 
Table 8. The radiation hazard indices 

Sample Code Environmental radiation indices 

Ra eq  (Bq/kg) H ex H in D  (nGy/h) AEDR (mSv/y) 

Ha1 50.80 0.137 0.167 25.37 0.0311 
Ha2 64.54 0.174 0.215 31.76 0.0390 
Ha3 53.74 0.145 0.179 26.28 0.0322 
Ha4 54.11 0.146 0.181 26.42 0.0324 
Ha5 69.52 0.188 0.222 34.73 0.0426 
Ha6 60.37 0.163 0.187 30.48 0.0374 
Ha8 57.16 0.154 0.179 28.68 0.0352 
Ha9 51.40 0.139 0.168 25.53 0.0313 

Ha10 51.62 0.139 0.163 25.54 0.0313 
Min specific activity 50.80 0.140 0.163 25.37 0.0311 
Max  specific activity 69.52 0.188 0.222 34.73 0.0426 
Average specific  0.154 0.185 28.31 0.0347 
Permissible values 370 1 1 59 1 for public & 5 for worker 

 

 

Fig .9. The relative dose rate for Ra-226, Th-232 and K-40. 
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