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Abstract: The Radiological effects from seventy two samples (twenty one areas) of granite rocks from
the southeastern Arabian Shield, Kingdom of Saudi Arabia were estimated. The lowest mean value
of radium equivalent and representative level indices in Wadi al Habbah (R) location are 24 Bq/Kg
and 0.2 while the highest mean value in Huqban (J) location are 1067 Bq/Kg and 7.5, respectively.
The average absorbed dose fluctuate from 13 nGy/h in Wadi al Habbah (R) to 487 Huqban (J) with
average value of 133 ±11 Bq kg-1. These average values give rise to a mean effective dose 163.4
µSv/y which are just about 16.3 % of the 1.0 mSv/y recommended by the International Commission
on Radiological Protection (ICRP1990) as the maximum annual dose to members of the public. The
external and internal annual effective dose rate of the region were determined to be between 0.06 -
0.79 and 0.14- 2.12, with an average value of 0.37± 0.03and 0.95 ± .07 mSv.y-1, respectively. This
subject is important in environmental radiological protection, since granites are widely used as building
and ornamental stones. This study provides a baseline map of radioactivity background levels in the
Saudi environment and will be used as reference information to assess any changes in the radioactive
background level due to geological processes. The results are discussed and compared with the
corresponding published data.
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INTRODUCTION

The knowledge of radionuclides distribution and radiation levels in the environment is important for
assessing the effects of radiation exposure due to both terrestrial and extraterrestrial sources. Natural
background radiation is of terrestrial and extraterrestrial origin. Terrestrial radiation is due to radioactive
nuclides present in varying amounts in rocks, building materials, water, soils and atmosphere. Some of these
radionuclides from these sources are transferred to man through food chain or inhalations, while the
extraterrestrial radiation originates from outer space as primary cosmic rays (El-Arabi. 2007).

Gamma radiation emitted from naturally occurring radioisotopes, such as 40K and the radionuclides from
the 232Th and 238U series and their decay products (also called terrestrial background radiation) , which exist
at trace levels in all ground formations. More specifically, natural environmental radioactivity due to gamma
radiation depends primarily on the geological and geographical conditions, and appears at different levels in
the soils of each region in the world (UNSCEAR. 2000). The above-mentioned naturally occurring
radionuclides and others are present in air, food, water, soil, bodies and in building materials such as local
rocks, stone, sand, gravel, cement, concrete, brick, tile, gypsum, etc. 

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 5 ppm of U and 15 ppm of Th), compared to the Earth’s crust
(average 1.8 ppm for U and 7.2 ppm for Th) (Mason and Moore, 1982), the upper continental crust (average
2.7 ppm for U and 10.5 ppm for Th) (Rudnick and Gao, 2003) and rocks of basaltic or ultramafic composition
(0.1 ppm of U and 0.2 ppm of Th) (Faure. 1986; Me‘nager et al.1993; Tzortzis and Tsertos. 2004; Abbady.
2002). 
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The present work aims to initiate a radiological assessment program at south and north Arabian Shield,
Kingdom of Saudi Arabia and to the map of radioactivity background levels in the surrounding environment.
This map will be used as reference information to assess any change in radioactivity background levels due
to various geological processes or any influences on the radiation environment. 

2. Geological Setting:
Trace-element concentrations, chemical and normative compositions of granitc samples from the

southeastern Arabian Shield were performed by the U.S.Geological Survey (USGS) in accordance with a work
agreement with the Ministry of petroleum and mineral resources, Kingdom of Saudi Arabia (Stuckless et al.
1983). This work provides reconnaissance results for postorogenic granites within a region (fig. 1) identified
as anomalously metalliferous by du Bray and others (1982). 

Postorogenic granites were intruded throughout the Arabian Shield from 650 m.y ago until least 540 m.y.
ago. The granites are typically hypersolvus members of the calc-alkaline suite, although subsolvus examples
are common, particularly in the southeastern part of the shield du Bray and others (1982). Chemically, the
granites have high silica contents and range from peralkaline to peraluminous. Postorogenic granites were
chosen for this investigation because of their probable association with ore deposits in other parts of the world
and because of their importance to investigations of crustal evolution (Anderson et al. 1980). Many of these
granites are highly evolved petrologically, and, in the area of the Arabian Shield, they contain anomalous of
incompatible trace elements (radian et al. 1980). 

3. Experimental Measurements:
Seventy two samples from the southeastern Arabian Shield, Kingdom of Saudi Arabia have been collected

and prepared for measuring by gamma spectroscopic analysis and the delayed neutron technique (Stuckless et
al. 1983). All areas under study consists of granites, descriptions of different locations are illustrated in Fig.(1).
Uranium and thorium concentrations were determined on 8 to 10 g aliquots of sample powder by the delayed
neutron technique. Accuracies for reported values, based on counting statistics,vary with concentration. Uranium
concentrations are accurate to between ±4 and ±8 percent for more than 2 ppm, to between ±8 and ±14 percent
for 1ppm, and to between ±14 and ±36 percent for less than 1ppm. Thorium concentrations are accurate to
between ±8 and ±30 percent for more than 6 ppm and to about ± 50 percent for less 6 ppm. Thorium values
greater than 10 ppm are generally accurate to within ±15 percent of the amount reported (Stuckless and other
1983). 

Radium-equivalent uranium (RaeU), thorium (eTh), and potassium (eK) were determined by sealed-can
gamma-ray spectrometry on 600 g of coarsely crushed sample. The prefix "e" is used to designate this
analytical method. Sealed samples allowed the in-growth of uranium and thorium decay products prevent the
escape of radiogenic gases 222Rn and 220Rn and allowed secular equilibrium between 238U, 232Th and their decay
products. The value eTh is used in reference to Th for radioelement ratios and statistical calculations because
of higher precision, lower detection limit, and smaller splitting error. RaeU is the amount of uranium needed
for secular equilibrium with the indirectly measured 226Ra (Stuckless and other 1983).

Radioactive disequilibrium between U and Ra in granite rocks is common (Stuckless and other 1977), and
therefore is used in preference to RaeU for radioelement ratios and statistical calculations. Disequilibrium
within the thorium decay chain is unlikely, and because γ-ray measurements are more precise and (assuming
secular equilibrium) more accurate than delayed neutron measurements, thorium contents obtained by the γ-ray
technique are used throughout this report for graphical and mathematical purposes.

The contents m in (ppm) of U, Th and K in the samples is determined from their measured activity values
by applying the equation:

m (ppm) = (A M / NAv ln 2) t1/2   (1)

where: 
A Activity in (Bq/g) of the matter or any daughter in radioactive equilibrium, M Molecular weight (g/mol),

NAv Avogadro’s number (6.02x1023) and t1/2 half-live in seconds.
The state of radioactive equilibrium makes it possible to employ the obtained uranium concentration

instead of radium concentration to estimate the radiation hazard indices for this study (Abdel-Razek. 2008,
Oyedele J. A. 2006). The values of eU and eTh in ppm as well as K in % were converted to activity
concentration, (Bq/kg), using the conversion factors given by the International Atomic Energy Agency, (IAEA.
1989). The activity concentration of a sample containing 1 ppm by weight of 238U is 12.35 (Bq/kg), 1 ppm
of 232Th is 4.06 (Bq/kg) and 1 % 40K is 313 (Bq/kg).
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RESULTS AND DISCUSSION

4.1. Activity Concentrations of 226Ra, 232Th and 40K:
The mean concentrations of U, Th (ppm) and K % in granite are given in Table (1). When the results of

this study are compared to the results of some of the previous studies, it is clear that the results, are smaller
than to those from others references and from different areas Egypt plutons, which are known as having high
radionuclide concentrations. Biotite and pegmatite muscovite granite exhibits normal contents of U, where the
other studied granite plutons are enriched in U in various degrees. During late magmatic stages, residual
hydrothermal solutions may become enriched in U and form U-rich veins. Also at those stages large
proportions of U are precipitated in the intergranular spaces or in late stage alteration minerals associated with
silicification and hematitization of the host rocks (Abdel-Monem et al. 1996). In granitoid rocks U and Th tend
to concentrate in accessory minerals such as zircon, monazite, apatite, sphene and allanite (Rogers and Adams.
1969). Granitic rocks rich in U (and Th) are sometimes referred to as, hot granites on account of their high
rates of heat production (Abbady et al. 2006).

The variation of the mean activity concentration (Bq/kg) of 236Ra, 232Th and 40K radionuclides in the granite
samples under investigation along the southeastern Arabian Shield, Kingdom of Saudi Arabia were represented
in Table (2) and Fig. (2). From all samples (72 samples), the 226Ra activity (or 238U activities for samples
assumed to be in radioactive equilibrium) ranges from 2.5 Bq/kg (in Wadi al Habbah at 18 37 30 N 43o17
15 E) to 383 Bq/kg (in Huqban at 18 37 30 E 43o17 15 N) with an average of 76.4 ± 8 (Bq/kg). The activity
concentration of 232Th ranges from 1.2 Bq/kg (in Madha at 18 41 45 N 43 12 45 E) to 431 Bq/kg (in Huqban
at 21 46 35 E , 43 49 30 N) with an average of 81± 8 (Bq/kg). Finally, the activity concentration of 40K
ranges from 278 (Bq/kg) (in Wadi al Habbah at 18 31 45 N, 43 17 45 E) to 1637 Bq/kg (in Hawshaw at 22
38 45 N , 44 47 10 E) with an average of 1099 ± 33 (Bq/kg). 

The granites samples in the current study can be subdivided into three groups on the basis of field
occurrence. The granites from wadi al Habbah and Madha (R and S, respctivley, Fig. (1) are largely concordant
bodies with regional metamorphic structures and, therefore may be orogenic in origin. The granites of Najran
, Jabal ashirh, and Jabal al Hassir (K, L and V, Fig. (1) are similar to postorogenic peralkaline intrusive rocks
in the northeastern to postorogenic, one-fieldspar granites in which black amphibole is the dominant mafic
mineral. However, these three granites from the southeastern part of shield have molar Al/(Na+k) ratios greater
than 1 and are not peralkline but rather are evently divided between metaluminous and weakly peraluminous.
These plutons are referred to as postorogenic hypersolvus granites. The remaining plutons are referred to as
postorogenic subsolvus granites these plutons are peraluminous (Stuckless et al. 1983). 

4.2. Radiological Hazard Indices: 
4.2.1. Absorbed Dose and Annual Effective Dose Rate:

For materials containing naturally occurring radioactive materials such as 238U, 232Th and 40K, the absorbed 

dose rate    can be defined if the radionuclide concentrations are known. It can be obtained in units of nGy D


h!1 using the formula proposed by UNSCEAR (1988).

  (2)
x x

x
CD A



 

where Ax (Bq kg-1) are the mean activity of 238U, 232Th and 40K, and Cx (nGy h-1 per Bq kg-1) their
corresponding dose conversion factors. In the present work, we took the dose conversion factors reported by
UNSCEAR (1988), namely 0.427, 0.662, 0.043 nGy h-1 per Bq kg-1 for 238U, 232Th and 40K, respectively.
Column 3 of Table 3 gives the results for absorbed dose rate in air for granite samples along the southeastern
Arabian Shield. We notice that granite from Jabal Tarban, Jabal Sahah ,Jabal al Hawshaw and Huqban shows
the highest value (160 ,213,226,163 and 273 nGy h-1), whereas the lowest value is found in Wadi al Habbah,
Madha , Jabal Zayd and Wadi Tafshaf 26, 40, 42 and 54 nGy h!1 respectively). 

To estimate annual effective doses, account must be taken of (a) the conversion coefficient from absorbed
dose in air to effective dose and (b) the indoor occupancy factor. The average numerical values of those
parameters vary with the age of the population and the climate at the location considered. In the UNSCEAR 
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Table 1: Mean concentration of U, Th and K % for Granite rocks compared with other published data. 
Type of Rock/location Mean concentration Reference

-----------------------------------------------------------------------
U ppm Th ppm K %

Granite southeastern Arabian Shield, 
Kingdom of Saudi Arabia (72) 6.2 19.6 3.6 Present Work
Granite Wadi Allaqi, Aswan,
Egypt (20) 2.1 30 0.29 Abbady et al., 2006
biotite–muscovite granite,
Um Sleimat area, Egypt (10) 6.2 4.6 4.7 El-Arabi et al., 2006
pegmatite muscovite granite (10) 6.4 4.7 4.8 El-Arabi et al., 2006
Granite, Turkey (14) 24.8 61 4.2 Orgun 2005
Granite 4 - 7 15 - 40 3.4 - 4 Helbig and Treitel 1996
Granite South Africa 6.5 21.6 4.15 Cermak et al., 1982
Granite 5.4 24.6 3.73 Haack 1982
Granodiorite 2.1 8.3 2.3 Helbig and Treitel 1996
Granodiorite 6 16 2.25 Simov 1989
Granodiorite 3.1 12.4 2.34 Haack 1982
Granite Bir El-Sid, Eastern
Desert , Egypt (4) 4.6 13.1 3.4 Abbady et al., 2002
Granite Wadi El-Gemal
Eastern Desert , Egypt (10) 3.2 11.8 3.4 Abbady et al., 2002
Granite wadi Um Had, central Eastern 
Desert , Egypt (35) 24.9 23 3.6 Abbady et al., 2006
Granite Gebal El-Erediya,
Eastern Desert, Egypt (35) 30.5 21.1 3.6 Abbady et al., 2006
Gabel El Majal,central
eastern desert, Egypt. (10) 16.1 7.5 2.3 Arafa,W., 2004
Biotite granite, Brazilian 2.4 18 5.2 Anjos, R.M. 2005
granite 3.7 21 5.48 Adams et.al 1970
granite 4 18 3.6 Rogers and Adams 1969
High Ca-granite 3 8.5 N.F Turkeian and Wedephol (1961)a
low Ca-granite 3 17 N.F Turkeian and Wedephol (1961)b
Arabian granite 3.6 14.2 ---- Gazzaz and Hashad (1989).
Egypt (Gebel Felat)south
Eastern Desert 82 15 N.F Kamel, A.F. 1997
Note: Number of samples in parentheses, N.F denoted to potassium not found in this reference

Table 2: Mean Activity concentrations of 226Ra, 232Th and 40K (Bq.kg-1) for all samples under study.
Location Number of Samples Activity (Bq.kg-1)

-----------------------------------------------------------------------------------------
226Ra 232Th 40K

Jabal Tarban (A) 6 90.1 ± 9 108.2 ± 10 1148.7 ± 34
Jabal as Sukkah (B) 5 37.5 ± 6 53.5 ± 7 1087.4 ± 33
Jabal Sabhah (C) 7 130.6 ± 11 162.6 ± 13 1142 ± 34
Jabal Hawshat ibn Hawayl (D) 4 92.2 ± 10 105.1 ± 10 1157 ± 34
Jabal al Hawshaw (E) 4 171 ± 13 147.4 ± 12 1291.1 ± 36
Jabal Sahah (F) 4 107 ± 10 99.6 ± 10 1194 ± 35
Jabal as Sitarah (G) 2 34.5 ± 6 46.9 ± 7 989.4 ± 31
Jabal Mahail (H) 2 55.5 ± 7 43.3 ± 7 983.3 ± 31
Jabal Kebad (I) 2 51.1 ± 7 35.2 ± 6 943.5 ± 32
 Huqban (J) 4 198 ± 14 207.6 ± 14 1195 ± 34
 Najran (K) 4 43.2 ± 6 45.7 ± 7 1335 ± 36
Jabal Ashirah (L) 2 49.4 ± 6 57.7 ± 7 1242 ± 36
Jabal al Gaharra (M) 4 114.2 ± 9 65.5 ± 8 1022.7 ± 33
Northeast of as Subaykah (N) 1 55.6 ± 7 12.6 ± 4 1068 ± 32
East of as Subaykah (P) 2 40.1 ± 6 30.7 ± 6 1168 ± 34
Jabal Bani Bwana (Q) 4 26.2 ± 5 89.9 ± 9 1057.5 ±
Wadi al Habbah (R) 3 4.9 ± 2 4.3 ± 2 475 ± 21
Madha (S) 2 12.3 ± 3 1.4 ± 1 789.7 ± 28
Jabal Zayd (T) 2 13 ± 4 8.5 ± 3 709.5 ± 27
Wadi Tafshaf (U) 3 11.9 ± 3 5.4 ± 2 1038.8 ± 32
Jabal al Hassir (V) 6 52 ± 7 44.7 ± 7 1269.8 ± 36

2000 Report, the Committee used 0.7 Sv Gy-1 for the conversion coefficient from absorbed dose in air to
effective dose received by adults and 0.8 for the indoor occupancy factor, i.e. the fraction of time spent indoors
and outdoors is 0.8 and 0.2, respectively. These values are retained in the present analysis. The annual effective
dose equivalent from indoor and outdoor terrestrial gamma radiation is found to be: 
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Fig. 1: Location map for plutons samples in the southeastern part of the Arabian Shield. Letter designations
correspond to symbol designations on tables and figures after (Stuckless et al., 1983).

Indoors: 84 (nGy h-1) × 8,760 (h) × 0.8 × 0.7 (Sv Gy-1) = 0.41 mSv   (3)

Outdoors: 59 (nGy h-1) × 8,760 (h) × 0.2 × 0.7 (Sv Gy-1) = 0.07 mSv   (4)

The last column of Table 4 resumes Dose to Members of the Public (%) for granite in the southeastern
Arabian Shield areas. The obtained results show that the range annual due to natural radioactivity from 31 ±
5 to 335 ± 18µSv y-1 are lower compared to the world average of 70 and 410 µSv y-1. This, therefore, shows
that the radiation burdens do not pose as a source of radiation contamination or hazard to the environment. 
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Table 3: Absorbed dose and annual effective dose rate parameters of the Granite from different locations, southeastern Arabian Shield,
Kingdom of Saudi Arabia.

Location  Number of Raeq Bq/Kg Absorbed Ann. dose Dose to Members 
Samples dose nGy/h equ. µSv/y of the Public %

Jabal Tarban (A) 6 333.2 ± 18 159.7 ± 13 195.9 ± 14 19.5
Jabal as Sukkah (B) 5 197.8 ± 14 98.4 ± 10 120.7 ± 11 12.1
Jabal Sabhah (C) 7 451.2 ± 21 212.8 ± 14 261 ± 16 26.1
Jabal Hawshat ibn Hawayl (D) 4 331.7 ± 18 159 ± 13 195 ± 14 19.5
Jabal al Hawshaw (E) 4 481.3 ± 22 226.4 ± 15 277.7 ± 17 27.8
Jabal Sahah (F) 4 341.5 ± 18 163.2 ± 13 200.2 ± 14 20
Jabal as Sitarah (G) 2 177.9 ± 13 88.6 ± 9 108.6 ± 10 10.9
Jabal Mahail (H) 2 193.2 ± 14 94.9 ± 10 116.3 ± 11 11.6
Jabal Kebad (I) 2 174.1± 13 85.9 ± 9 105.3 ± 10 10.5
 Huqban (J) 4 586.4 ± 24 273.4 ± 16 335.3 ± 18 33.5
 Najran (K) 4 211.4 ± 15 106.4 ± 10 130.5 ± 11 13
Jabal Ashirah (L) 2 227.6 ± 15 112.9 ± 11 138.5 ± 12 13.9
Jabal al Gaharra (M) 4 291.6 ± 17 138.4 ± 12 169.7 ± 13 17
Northeast of as Subaykah (N) 1 155.8 ± 12 78.2 ± 9 95.9 ± 10 9.6
East of as Subaykah (P) 2 174 ± 13 87.9 ± 9 107.8 ± 10 10.8
Jabal Bani Bwana (Q) 4 236.3 ± 15 116.4 ± 11 142.8 ± 12 14.3
Wadi al Habbah (R) 3 47.7 ± 7 25.5 ± 5 31.3 ± 5 3.1
Mahha (S) 2 75.2 ± 9 40.3 ± 6 49.4 ± 7 4.9
Jabal Zayd (T) 2 79.8 ± 9 41.8 ± 6 51.3 ± 7 5.1
Wadi Tafshaf (U) 3 99.7 ± 10 53.6 ± 7.3 65.7 ± 8 6.6
Jabal al Hassir (V) 6 213.8 ± 15 106.7 ± 10 130.8 ± 11 13.1

The resulting worldwide average of the annual effective dose is 0.48 mSv, with the results for individual
countries being generally within the 0.3-0.6 mSv range. For children and infants, the values are about 10 %
and 30 % higher, in direct proportion to an increase in the value of the conversion coefficient from absorbed
dose in air to effective dose UNSCEAR 2000.

The mean absorbed dose rate, the radium equivalent activity concentration and the level index are plotted
as histograms (2, 3) for different locations from the southeastern Arabian Shield.

4.2.2. Radium Equivalent and Radiation Hazard Index:
The Gamma- ray radiation hazards due to the specified radionuclides Ra, Th and K were assessed by two

different indices. The most widely used radiation hazard index Raeq is called the radium equivalent activity
(Krieger R.1981, Beretka and Mathew 1985). The radium equivalent activity is a weighted sum of activities
of the above three radionuclides based on the estimation that 370 Bq/kg of Ra , 259 Bq/kg of Th and 4810
Bq/kg of K produce the same g-ray dose rates. Raeq is given by 

   (5)Ra Th K370 Bq/kg
370 Bq/kg 259 Bq/kg 4810 Bq/kgeq

A A A
Ra

 
   

 

or

Raeq = ARa + (ATh ´ 1.43) + (AK ´ 0.077)   (6)

where ARa ,ATh and AK are the activity concentrations of 226Ra , 232Th and 40K, respectively in Bq/kg. 
Another radiation hazard index called - representative level index - Igr, is defined as follows (NEA-OECD

1979; Alam M.N et al. 1999, Abbady A.G.E., 2004):

Ig = ARa/ 150 + ATh / 100 + AK /1500   (7)

where ARa ,ATh and AK are the activity concentrations of 226Ra, 232Th and 40K, respectively in Bq/kg. In granite
the Raeq and Iγr average values were 276 ± 16 and 2 ± 1.4 Bq.kg-1. The calculated Ra-equivalent activities and
radiation hazard index of the samples under study are less than the recommended maximum value of 370
Bq.kg-1 suggested for building materials except in Jabal Sabhah , Jabal al Hawshaw and Huqban exhebite
values 451 ,481 and 586 for Raeq, respectively. The average Iγr values for the corresponding location were 3.2,
3.5 and 4.2 as shown in tables 3, 4 and Figs.(3), (4). 
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Fig. 2: Mean values of Radium, Thorium and Botassium (Bq/Kg) from different locations in southeastern
Arabian Shield, Kingodom of Saudi Arabia.

Fig. 3: Mean values of Absorbed dose rate (nGy/h) Radium equivalent (Bq/Kg) and Representative level
index from different locations in southeastern Arabian Shield, Kingodom of Saudi Arabia.

4.2.3. External and Internal Hazard Index:
For limiting the radiation dose from building materials in Germany to 1.5 mGy y-1 (Krieger 1981) proposed

the following conservative model based on infinitely thick walls without windows and doors to serve as a
criterion for calculation the external hazard index Hex -defined as:-

Hex = ARa / 370 + ATh / 259 + AK / 4810   (8)

where ARa , ATh and AK are the activity concentrations of 226Ra ,232Th and 40K respectively in (Bq kg-1) in
building materials. This criterion considers only the external exposure risk due to γ-rays and corresponds to
a maximum Raeq of 370 Bq kg-1 for the material. The model was also accepted by the former Soviet Union
(Krisuk et al. 1971) and Norway (Stranden 1976). These very conservative assumptions were later corrected 
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Table 4: Values of External, Internal hazard index and Representative level index of the Granite from different areas, southeastern
Arabian Shield, Kingdom of Saudi Arabia.

Location Noof Samples Iγr Hex Hin

Jabal Tarban (A) 6 2.4 ± 1.6 0.45 ± 0.04 1.14 ± 0.1
Jabal as Sukkah (B) 5 1.5 ± 1.2 0.27 ± 0.03 0.64 ± 0.07
Jabal Sabhah (C) 7 3.2 ± 1.8 0.61 ± 0.04 1.57 ± 0.12
Jabal Hawshat ibn Hawayl (D) 4 2.4 ± 1.6 0.45 ± 0.04 1.15 ± 0.1
Jabal al Hawshaw (E) 4 3.5 ± 1.9 0.65 ± 0.04 1.76 ± 0.12
Jabal Sahah (F) 4 2.5 ± 1.6 0.46 ± 0.04 1.21 ± 0.1
Jabal as Sitarah (G) 2 1.4 ± 1.2 0.24 ± 0.02 0.57 ± 0.06
Jabal Mahail (H) 2 1.5 ± 1.2 0.26 ± 0.03 0.67 ± 0.07
Jabal Kebad (I) 2 1.3 ± 1.1 0.23 ± 0.02 0.61 ± 0.07
 Huqban (J) 4 4.2 ± 2 0.79 ± 0.05 2.12 ± 0.13
 Najran (K) 4 1.6 ± 1.3 0.29 ± 0.03 0.69 ± 0.07
Jabal Ashirah (L) 2 1.7 ± 1.3 0.31 ± 0.03 0.75 ± 0.07
Jabal al Gaharra (M) 4 2.1 ± 1.4 0.39 ± 0.03 1.1 ± 0.09
Northeast of as Subaykah (N) 1 1.2 ± 1.1 0.21 ± 0.02 0.57 ± 0.06
East of as Subaykah (P) 2 1.4 ± 1.2 0.23 ± 0.02 0.58 ± 0.07
Jabal Bani Bwana (Q) 4 1.8 ± 1.3 0.32 ± 0.03 0.71 ± 0.07
Wadi al Habbah (R) 3 0.4 ± 0.6 0.06 ± 0.01 0.14 ± 0.02
Madha (S) 2 0.6 ± 0.8 0.1 ± 0.01 0.24 ± 0.03
Jabal Zayd (T) 2 0.6 ± 0.8 0.11 ± 0.01 0.25 ± 0.04
Wadi Tafshaf (U) 3 0.8 ± 0.9 0.13 ± 0.01 0.3 ± 0.03
Jabal al Hassir (V) 6 1.6 ± 1.3 0.29 ±0.03 0.72 ±0.07

Table 5: Samples witch exhibit highest values of radiation hazard parameters of the Granite from different areas, southeastern Arabian
Shield, Kingdom of Saudi Arabia.

Location Sample Latitude Longitude Absorbe Ra. equivalent level index Ann. dose equ.
No. (north) (east) dose nGy/h Raeq Iγr µSv/y

Jabal Sabhah (C) 12 23 17 45 44 35 55 229.9 491.9 3.52 282
Jabal Sabhah (C) 14 23 17 10 44 37 55 265.6 570.5 4.07 325.8
Jabal Sabhah (C) 15 23 17 10 44 37 55 287.1 619.2 4.4 352.1
Jabal al Hawshaw (E) 23 22 37 30 44 43 15 241.3 514.5 3.7 296
Jabal al Hawshaw (E) 24 22 31 58 44 45 45 234.7 506.6 3.61 287.9
Jabal al Hawshaw (E) 25 22 31 55 44 45 55 236.4 506.7 3.63 289.9
Huqban (J) 36 21 46 35 43 49 30 207.5 439.1 3.18 254.4
Huqban (J) 37 21 46 35 43 49 30 486.7 1066.7 7.45 596.9

Fig. 4: Distribution of Hex and Hin from different locations in southeastern Arabian Shield, Kingodom of
Saudi Arabia.

by Hewamanna R. et al. (2001) after considering a finite thickness of walls and the existence of windows and
doors through the application of a weighing factor of 0.7 in each case. Therefore, the maximum permissible
concentrations were increased of by a factor 2, this means:

Hex = ARa / 740 + ATh / 520 + AK / 9620   (9)
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The value of this index must be less than unity for the radiation hazard to be negligible i.e. the radiation
exposure due to radioactivity in construction material must be limited to 1.5 mGy y-1. For the maximum value
of Hex to be less than unity, the maximum value of Raeq must be less than 370 Bq kg-1 (Iqbal et al. 2000).
The calculated values of Hex for the granite samples studied in this work range from 0.06 to 0.79 with mean
value 0.37± .03. Based on the criterion formula Eq.(9) for γ-activity the results indicate that the granite used
building materials in examined in this work could be used in building construction without exceeding the
proposed radioactivity criterion level.

In addition to the external irradiation radon and its short-lived products are also hazardous to the
respiratory organs. The internal exposure to radon and its daughter products is quantified by the internal hazard
index (Hin) which is given by the following equation (Krieger. 1981):

Hin = ARa / 185 + ATh / 259 + AK / 4810 (10)

If the maximum concentration of radium is half that of the normal acceptable limit then Hin will be less
than 1.0. For the safe use of a material in the construction of dwellings, Hin should be less than unity. The
average calculated values were nearly less than unity in most samples under investigations except in Huqban
(J),Jabal Sabhah (C) and Jabal al Hawshaw (E). 

The results presented in tables (3 and 4) indicate that the granite samples can be used in Saudi as building
construction without exceeding the proposed radioactivity criterion level. 

The ICRP-60 recommended that any exposure above the natural background radiation should be kept as
low as reasonably achievable -ALARA- but below the individual dose limits, which for radiation workers
averaged over 5 years is 100 mSv and for members of the general public is 1 mSv y-1. These dose limits have
been established on the prudent approach by assuming that there is no threshold dose below which there would
be no effect. This means that any additional dose will cause a proportional increase in the chance of a health
effect. This relationship has not yet been established in the low dose range where the dose limits have been
set. A factor of 3 to 10 lower would now be needed to satisfy most regulations18. Therefore, granite samples
with a Raeq of more than 370 Bq kg-1 should not be used in the construction of dwellings. Most of the
samples analysed in this work have Raeq values below this limit.

4. Conclusions:
Weathering and geological structure of the region were affected on the radioactivity levels of these areas.

Therefore, radiometric survey is recommended before choosing the raw materials used in constructing and
ceramic industries in the area under consideration to avoid the high levels of radiation. The result of 226Ra,
232Th and 40K showed that the concentration values of specific activities of granite rocks from the southeastern
Arabian Shield, Kingdom of Saudi Arabia were estimated normal-level concentration values with an Arithmetic
mean of (76.4, 80 and 1099 Bq kg-1, respectively).The values of Raeq ranging from 48 to 586 with an
Arithmetic and geometric means 276 and 233 Bq kg-1 , total absorbed dose rate from 26 to 276 with an
Arithmetic and geometric means 133 and 114 nGy h-1. From the results it can be seen that the values Raeq,
Ig and gamma absorbed dose rates of granite samples varies appreciably from sample to another due to the
variation of radium , thorium and potassium. The average Raeq values for granite rocks in the studied area
are below the internationally accepted values 370 Bq kg-1 except some samples. The values of gamma absorbed
dose rates in air of granite from the southeastern in Saudi are comparable with the world range (28-120 nGy.h-

1). 
Hex and Hin for all samples in areas are almost unity lower than the acceptable value. So it could be used

in building construction without exceeding the proposed radioactivity criterion level. The data obtained here
are reference value to be used a data baseline for drawing a radiological map of the region. Some Samples
exhibit high values of radiation hazard parameters of the Granite from different areas, southeastern Arabian
Shield, presented in table (5). Nevertheless, the health burden due to natural background radiation from rocks
on the inhabitants of this areas is low and hence carriers insignificant health hazards. The data obtained in this
study will serve as baseline data for the proper assessment of radiation exposure of the dwellers. In this case,
the pluton can be used as building materials.
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