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Abstract 
The assessment of radiological hazard due to external and internal indoor exposure 
was investigated for 26 raw granites collected from different granite quarries in Ranyah 
(KSA). The activity concentrations of 226Ra, 232Th and 40K were measured by high- 
resolution gamma spectrometry. Four granites were classified as “anomalous” due to 
their relatively high radioactivity. The averages and ranges of their activity concen-
trations were 667 (305 - 1120), 320 (161 - 491) and 586 (282 - 893) Bq·kg−1, respec-
tively. The corresponding ones for all remaining 22 granites were 45 (18 - 77), 39 (16 - 
73) and 1178 (954 - 1531) Bq·kg−1, respectively. In accordance with new European 
Basic Safety Standards (BSS) directives requiring a uniform reference level for indoor 
external exposure to gamma rays of 1 mSv·y−1, all 22 granites may be used as bulk or 
ornamental building materials without any restrictions. Three anomalous granites 
should be subjected to control to be used as bulk materials. One anomalous granite 
was categorized as hazardous having an activity concentration index higher than 6. 
All four anomalous granites exceeded the level of newly adopted reference level of 
300 Bq·m−3 for radon indoor exposure in case of poor ventilation. Two of them ex-
ceeded even for adequate ventilation. 
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1. Introduction 

Building materials can be the source of significant radiation exposure levels and give 
the most significant indoor gamma dose [1]. Granites, in particular, exhibit an en-
hanced elemental concentration of natural radionuclides in comparison to the very low 
abundance of these elements observed in the mantle and the crust of the Earth. The ig-
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neous 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 rocks of basaltic or ultramafic composition 
(<1 ppm of U) [2] [3]. Granites mainly consist of coarse grains of quartz, potassium 
feldspar and sodium feldspar along with micas and hornblende as common minerals. 
Typical granites are chemically composed of 75% silica, oxides of aluminum, potassium 
and sodium at 12%, <5% and <5%, respectively, as well as smaller quantities of lime, 
iron, magnesia and titania [4]. 

Enhanced or elevated levels of Naturally Occurring Radioactive Material (NORM) in 
building materials for the construction of dwelling may cause effective doses, which 
exceeds the dose criterion of 1 mSv·y−1 [1] should be taken into account in terms of ra-
diation protection. Terrestrial radiation contributes to external exposures from gamma 
radiation (outdoors and indoors), and to internal exposures from radon or dust radio- 
nuclides inhalation and ingestion. As an increasing concern about radiation risks from 
building materials, several principles, guidance and specific recommendations dealing 
with NORM were adopted [1] [5] [6]. Recently, the European Commission decided to 
harmonize, promote and consolidate these principles and recommendations, introduc-
ing them into the new EU directive laying down basic safety standards (new EU-BSS) 
for the protection against the danger arising from exposure to ionising radiation [6]. 
This directive was published in January 2014 adopting a uniform reference level of 1 
mSv·y−1 for indoor external exposure to gamma rays emitted by building materials to 
identify those of concern from a radiation protection point of view. Before such mate-
rials are placed on the market, Member States are required to provide the radionuclides 
concentrations and the corresponding activity concentration index (ACI) as well as 
other relevant factors [6]. 

In Annex VIII of [6], it is stated that the activity concentration index value of 1 can 
be used as a conservative screening tool for identifying materials that may cause the 
reference level to be exceeded. In addition, the calculation of dose needs to take into 
account other factors such as density, thickness of the material as well as factors relat-
ing to the type of building and the intended use of the material (bulk or superficial). 
Many efforts led by different researchers have been focused on developing computa-
tional methodologies-room models- and in situ techniques to evaluate and predict the 
indoor gamma dose rate on the basis of the radioactivity and other characteristics of 
building materials [7]-[10]. 

The objective of this work is to assess the potential radiological risk to human health 
from 26 raw granites from Ranyah to be used eventually as building materials, in ac-
cordance with the new EU directive [6]. Similar studies were performed around the 
world. The gamma radiation in samples of a variety of natural tiling rocks (granites) 
imported in Cyprus for use in the building industry was measured, employing high- 
resolution γ-ray spectroscopy. The ranges of activity concentrations were determined 
for 232Th (1 - 906 Bq·kg−1), 238U (1 - 588 Bq·kg−1) and 40K (50 - 1606 Bq·kg−1). Applying 
dose criteria recommended by the EU for superficial materials, 25 of the samples meet 
the exemption dose limit of 0.3 mSv·y−1, two of them meet the upper dose limit of 1 



S. Zeghib et al. 
 

26 

mSv·y−1 and only one clearly exceeds this limit [4]. 
A study was performed on some samples of marble and granite collected from dif-

ferent factories in Riyadh region of Saudi Arabia [11]. The measured values of the ac-
tivities of 40K, 226Ra and 232Th in the granite samples have been found to lie in the 
ranges: 0.28 - 1531.7, 0.03 - 147.0 and 0.02 - 186.4 Bq/kg, respectively. These samples 
were also found to have a radium equivalent activity in the range 0.089 - 504.61 Bq/kg. 
All the samples under investigation were found to have average external and internal 
hazard indices less than unity except the Brazilian granite sample.Similarly, twenty-four 
commercial granites sold in Saudi market (local and imported) were analyzed by [12]. 
The activity concentrations of 232Th, 226Ra and 40K in the selected granite samples 
ranged from 4.9 to 144, 9.7 to 133 and 168 to 1806 Bq·kg−1, respectively. The radium 
equivalent activities (Raeq) are lower than the internationally accepted value limit of 370 
Bq·kg−1 set by the Organization for Economic Cooperation and Development (OECD) 
[13], except in three imported granites. 

In present work, the external gamma-ray dose rate was assessed in indoor environ-
ments covered with granites of 3 cm thickness for a standard room model considered 
by Anjos et al. [14] using Markkanen model code [7]. The latter consideredparameters 
like room size and building product through its density, thickness and composition to 
assess the indoor gamma dose rate due to building materials. Furthermore, the internal 
exposure was assessed through radon concentration using the same standard room 
model [14]. 

2. Materials and Methods 
2.1. Samples Collection and Preparation for Laboratory Analysis 

Ranyah province has attracted many companies for the exploitation of granites and or-
namental stones, used as building materials that are sold locally and internationally. All 
the igneous rocks used as ornamental stone in the Kingdom are from the Proterozoic 
Arabian Shield. Figure 1 shows the geological map of the area surrounding the Arabian 
shield along with Ranyah location [15]. A report was prepared by United States Geo-
logical Survey (USGS) about Precambrian geology of the Ranyah quadrangle [16]. They 
indicated that nearly all of the western half and the northeastern quarter of the qua-
drangle is underlied by intrusive granitic rock containing local residual blocks of older 
metabasalt and minor intrusive gabbro and felsic dikes. Perthite granite forms a prom-
inent mountain range across the central part of the Ranyah quadrangle. Most of the 
granite is coarse grained and perthitic feldspar is ubiquitous. Some granites, especially 
near the edges of the mountain range and near the contact with the felsic volcanic rock 
are fine to medium grained. Approximately the northern half of the pluton is alkali 
granite [16] (and references included therein). 

In this study, 26 raw granite samples were collected from different sectors of Ranyah 
near granite exploitation sites (quarries). The covered area was 35 km long and 15 km 
wide. A portable Scintillation Gamma Radiameter (SGR) was used to record the radiation  
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Figure 1. Geological map showing the main sedimentary rock main types in the eastern and the 
northern parts of the Kingdom of Saudi Arabia [15]. 
 
background level at different locations and to look for possible elevated radioactivity. 
Figure 2 shows the prominent mountain range across centrlal part of Ranyah along 
with several sampling locations. The four anomalous granites (AG1, AG2, AG3 and 
AG4) were collected from a different area called “Taghdoua”. The granitic rock sam-
ples, each about 1.5 kg in weight, were first crushed, homogenized then sieved in order 
to have the same matrix as the reference sample. All samples were tightly sealed for a 
minimum of four weeks before measurements in 0.5 l Marinelli beakers, to reach secu-
lar equilibrium between 232Th, 226Ra and their short-lived progenies. 

2.2. Gamma Rays Spectrometry Measurements 

Measurement of the activity concentrations of 226Ra, 232Th and 40K was performed with 
high-resolution gamma ray spectrometry.A Canberra n-type hyper-pure Germanium 
(HPGe) detector (GR5021) of 50% relative efficiency was used for the analysis with a 
resolution of 2.1 keV and 1 keV (FWHM) for the 1.332 MeV gamma ray of 60Co and 
122 keV of 57Co, respectively, equipped with model 747 Canberra lead shield system. 
The Data Acquisition system consists of Digital Spectrum Analyzer (DSA-2000), which 
is a fully integrated high performance multichannel analyzer. Analysis of spectra was 
performed by Genie 2000 software. The Standard radioactive source for efficiency cali-
bration was prepared in the spectrometry laboratory at King Abdulaziz University us-
ing multi-gamma emitter 152Eu. Such standard source was prepared in 0.5-liter Mari-
nelli beakers having the same geometry as the samples. The 1460.8 keV line of Potas-
sium 40K was similarly considered in this respect. A full description of the procedure is  
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Figure 2. Satellite picture showing prominent mountain range across central part of Ranyah 
along with several sampling locations approximately. 
 
given in [12]. The background spectrum was acquired for 864,000 s (24 hours) while all 
the samples were measured for 36,000 s. The 226Ra activities were estimated from the 
gamma rays of 222Rn decay products 214Pb (295.2, 351.9 keV) and 214Bi (609.3, 1120.3 
keV). The 232Th activities were estimated from the gamma rays of 212Pb (238.6 keV), 
228Ac (338.4, 911.2 keV) and 208Tl (583.2 keV). The 40K activity was determined from its 
own gamma ray (1460.8 keV). 

2.3. Assessment of Radiological Hazard 
2.3.1. External Exposure to Gamma Radiation 
External exposure is from gamma radiation emitted from 40K, 226Ra and 232Th and their 
progenies and affects the whole body. The radiological hazard of granitic rocks used as 
building materials can be evaluated using the activity concentration index (ACI), pro-
posed by the European Commission [17]: 

( ) ( ) ( )1 1 1
Ra Th KACI 300 Bq kg 200 Bq kg 3000 Bq kgA A A− − −= ⋅ + ⋅ + ⋅    (1) 

where ARa, ATh and AK are the activity concentrations in Bq·kg−1 for 226Ra, 232Th and 40K, 
respectively. The coefficients of ACI were calculated using a dose criterion of 1 
mSv·year−1 exceeding the gamma dose received outdoors, i.e. 50 nGy·h−1. As pointed 
out by Nuccetelli et al. [18], the activity concentration index should be used as a 
screening tool for identifying materials that may be exempted or subject to restrictions. 
For this purpose the activity concentration index I may be used for the classification of 
the materials into four classes, leading to two categories of building materials (A and B) 
according to Table 1 following the radiological hazard classification defined in [17]. 
The division of materials into two other categories ((1) or (2)) according to their use 
shall be based on national building codes. Recommendations of EURATOM 2013 for 
building material require a uniform reference level for indoor external exposure to  
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Table 1. Categories based on the default dose according to the ACI criteria defined in [17]. 

Use of materials 
Category (corresponding default dose) 

A (≤1 mSv) B (>1 mSv) 

1) in bulk amounts A1 (I ≤ 1) B1 (I > 1) 

2) Superficial and/or 
with restricted use 

A2 (I ≤ 6) B2 (I > 6) 

 
gamma rays of 1 mSv·y−1 [6]. Adopting the conversion factor from the absorbed dose in 
air to effective dose received by adults (0.7 Sv·Gy−1) and the indoor occupancy factor 
(0.8) proposed by UNSCEAR (2000) [1], the annual effective dose rate indoors (Eind) is 
calculated using the following formula: 

( ) ( ) ( ) ( )1 1 1 1 6mSv y nGy h 8760 h y 0.8 0.7 Sv Gy 10ind indE D− − − − −⋅ = ⋅ × ⋅ × × ⋅ ×     (2) 

where Dind (nGy·h−1) is the absorbed gamma dose rate in indoor air due to external ex-
posure from gamma radiation from building materials of dwelling. Different models 
have been adopted for a standard room and its configuration, to evaluate it. The indoor 
exposure to external gamma radiation depends on the form of the dwelling, the proper-
ties of building materials (density, thickness and elemental composition) and of course 
on the activity concentrations of NORM in these building materials. Researchers [7] [8] 
have adopted Monte Carlo simulations to obtain the free-in-air dose rate resulting from 
gamma rays emitted from the floor, walls and ceiling of a standard room with specific 
dimensions. It has been reported that specific dose rates depended to a large degree on 
wall thickness and density but not so on position in the room and dimensions of the 
room [8]. The same model room 1 for the configuration of standard rooms (4.0 m × 5.0 
m area and 2.8 m high), in which the walls and floor are covered with granite slabs of 
3.0 cm thickness as adopted by Anjos et al. [14], was considered. As noted, the specific 
dose rates were calculated with a computer program published by Markkanen assuming 
a density of 2600 kg·m−3 [7]. It is worth noting that similar configurations are exten-
sively used in KSA (dwellings, hospitals, clinics, restaurants …etc.). The free-in-air 
gamma dose rate caused by walls and floor in the middle of the room was given in 
terms of the values of the activity concentrations ARa, ATh and AK by [14]: 

( )1
Ra Th KnGy h 0.17 0.20 0.013indD A A A−⋅ = + +                (3) 

2.3.2. Internal Exposure to Radon Gas 
Internal exposure due to the intake of radionuclide through inhalation of indoor radon 
gas is harmful to health when it exceeds the limits. Radon progenies are solid radioac-
tive elements that are deposited in the respiratory tract tissues, which may lead to lung 
cancer. The radon concentration in dwellings depends on many factors such as the 
room model, the ventilation, the nature, type, and amount of building materials as well 
as the way they are used. Therefore, a more realistic assessment of the internal exposure 
to radon gas (222Rn) is preferred, instead of just relying on the usual estimation of the 
internal hazard index Hin or on the alpha index Iα. Recent regulations lead to the estab-
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lishment of a new national reference level ≤300 Bq·m−3 for radon in dwellings and 
workplaces [6]. It is recommended that existing dwellings exceeding the reference level 
should be identified and encouragement of radon-reducing measures be implemented 
where necessary. 

In view of the relatively high 226Ra activity concentrations of anomalous granites 
(AG), the exposure to radon by estimating the concentration was assessed more realis-
ticallyin the same standard room model assumed before. It is given by the following 
formula [14]: 

( )
0

Rn

xE S C
VC

ν

ν

λ

λ λ

+
=

+
                           (4) 

where Ex is the exhalation rate per unit area, Co is the radon concentration (Bq·m−3) of 
the outside air, νλ  is the air removal rate due to ventilation (h−1), and λ  is the decay 
constant of radon (7.54 × 10−3 h−1). S is the exhaling surface area (m2) and V is the 
volume of the room (m3). The exhalation rate per unit area, originating from the walls 
and floor covered with different types of granite was calculated theoretically according 
to the following formula (for dry condition) by [19]: 

Ra
1
2xE A dλρη=                           (5) 

where ρ  is the material density (assumed to be 2600 kg·m−3), d is the wall thickness 
(m), and η  is the emanation coefficient, i.e. the fraction of radon that reaches to the 
wall surface by diffusion process. The same parameters (Co = 10 Bq·m−3, d = 3 cm3, η  = 
0.45) considered by Anjos et al. [14] (and references included therein) for model room 
1, were used in our calculation too. Likewise, the ratio of the exhaling area covered with 
granite slabs to the free room volume was assumed to be S/V = 2.0 m−1 (considering 
that part of the room volume is occupied by furniture). In addition, for a safe assess-
ment, the maximum measured value η  = 0.45 for radon emanation coefficient for 
granites used in Saudi Arabia [20] was adopted in the calculation [14]. 

According to UNSCEAR [19] reports, νλ  values varies between 0.1 h−1 and 3 h−1 for 
residence. Value of νλ  < 0.1 h−1 are for extremely poor ventilation cases. An air ex-
change rate of νλ  = 0.5 h−1 was suggested for residential mechanical systems, which 
was considered for an adequately ventilated room [14]. The calculation was performed 
for these two values for all granite samples. 

3. Results and Discussion 
3.1. External Exposure 

The calculated indoor absorbed gamma dose rate, Dind and annual effective dose rate, 
Eind for anomalous granites due to external gamma exposure when used as superficial 
building material in the previously specified room model are given in Table 2. The 
arithmetic mean and the standard deviation (σ) are given for normal (NG) and 
anomalous (AG) granites separately. The last column indicates the classification of each  
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Table 2. Activity concentrations and radiological quantities for normal and anomalous raw granites. 

Sample 
232Th 

(Bq·kg−1) 

226Ra 
(Bq·kg−1) 

40K 
(Bq·kg−1) 

Raeq 
(Bq·kg−1) 

Dind 
(nGy·h−1) 

Eind 
(mSv·y−1) 

ACI Category 

NG1 39.8 ± 2.8 59.3 ± 3.2 1245 ± 6 212.1 34.2 0.17 0.81 ± 0.02 A1, A2 

NG2 37.2 ± 1.9 33.2 ± 1.7 1295 ± 5 186.2 29.9 0.15 0.73 ± 0.01 A1, A2 

NG3 34.0 ± 1.0 39.7 ± 2.8 1243 ± 5 184 29.7 0.15 0.72 ± 0.01 A1, A2 

NG4 15.7 ± 0.7 22.3 ± 1.3 1220 ± 5 138.6 22.8 0.11 0.56 ± 0.01 A1, A2 

NG5 33.8 ± 1.8 42.9 ± 2.7 1220 ± 5 185.2 29.9 0.15 0.72 ± 0.01 A1, A2 

NG6 17.0 ± 1.1 18.1 ± 0.7 1531 ± 6 160.2 26.4 0.13 0.66 ± 0.01 A1, A2 

NG7 41.2 ± 2.3 42.2 ± 2.6 1005 ± 5 178.4 28.5 0.14 0.68 ± 0.01 A1, A2 

NG8 62.8 ± 2.7 64.2 ± 4.2 1065 ± 5 236 37.3 0.18 0.88 ± 0.02 A1, A2 

NG9 35.8 ± 0.8 46.7 ± 1.9 1249± 6 194.1 31.3 0.15 0.75 ± 0.01 A1, A2 

NG10 39.2 ± 1.6 49.0 ± 2.5 1251 ± 5 201.3 32.4 0.16 0.78 ± 0.01 A1, A2 

NG11 36.2 ± 2.0 30.3 ± 1.2 1135 ± 5 169.4 27.1 0.13 0.66 ± 0.01 A1, A2 

NG12 34.1 ± 2.4 24.0 ± 1.3 1298 ± 6 172.8 27.8 0.14 0.68 ± 0.01 A1, A2 

NG13 39.9 ± 1.6 36.7 ± 1.7 1318 ± 5 195.1 31.3 0.15 0.76 ± 0.01 A1, A2 

NG14 45.5 ± 2.6 49.7 ± 3.0 1097 ± 5 199.2 31.8 0.16 0.76 ± 0.02 A1, A2 

NG15 50.6 ± 2.8 50.2 ± 2.7 954 ± 5 196.1 31.1 0.15 0.74 ± 0.02 A1, A2 

NG16 72.5 ± 3.8 71.1 ± 4.6 1112 ± 5 260.4 41.0 0.20 0.97 ± 0.02 A1/B1, A2 

NG17 47.5 ± 1.5 49.2 ± 2.6 1060 ± 5 198.8 31.6 0.16 0.75 ± 0.01 A1, A2 

NG18 41.0 ± 1.6 77.4 ± 3.4 1132 ± 5 223.2 36.1 0.18 0.84 ± 0.01 A1, A2 

NG19 43.7 ± 2.0 49.0 ± 2.9 1154 ± 5 200.3 32.1 0.16 0.77 ± 0.01 A1, A2 

NG20 21.6 ± 1.2 21.7 ± 1.9 1177 ± 5 143.2 23.3 0.11 0.57 ± 0.01 A1, A2 

NG21 22.8 ± 1.1 31.4 ± 1.9 1064 ± 5 145.9 23.7 0.12 0.57 ± 0.01 A1, A2 

NG22 44.1 ± 1.1 74.5 ± 4.0 1093 ± 5 221.7 35.7 0.18 0.83 ± 0.01 A1, A2 

Mean ± σ NG 39 ± 13 45 ± 17 1178 ± 127 191.0 ± 30 30.7 ± 4.6 0.15 ± 0.02 0.74 ± 0.10  

AG1 394 ± 11 833 ± 44 681 ± 5 1448.3 229.2 1.13 4.97 ± 0.16 A2, B1 

AG2 491± 17 1120 ± 59 486 ± 6 1858.9 294.8 1.45 6.35 ± 0.21 B2 

AG3 232 ± 8 410 ± 23 282 ± 4 762.4 119.6 0.59 2.62 ± 0.09 A2, B1 

AG4 161 ± 7 305 ± 17 893 ± 5 603.6 95.6 0.47 2.12 ± 0.07 A2, B1 

Mean ± σ AG 320 ± 150 667 ± 379 586 ± 262 1168.3 ± 588 185 ± 94 0.91 ± 0.46 4.02 ±1.99  

 
granite according to Table 1. It is clear that samples AG1 and AG2 exceeded the refer-
ence level for indoor external exposure to gamma rays of 1 mSv·y−1 with 1.13 and 1.45 
mSv·y−1 values, respectively. The mean value and the standard deviation for all anoma-
lous granites (0.91 ± 0.46 mSv·y−1) are much bigger than those for normal granites (0.15 ± 
0.02 mSv·y−1). Based on the activity concentration indices, all NG samples except one 
classified as “normal” were categorized as A1 and A2 having ACI < 1 (suitable for being 
used as bulk and surface materials without restriction). Normal granite NG16 was clas-
sified as A1/B1to indicate a potential radiological hazard in bulk utilization of this gra-
nite, and should be subject to control (having ACI-1 within the computed uncertainty). 
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Three out of four anomalous granites were categorized as B1 having ACI > 1 (restrict-
ing their use as bulk materials and should be subject to control). However, they can be 
used superficially without restrictions having ACI < 6 (A2 category). Anomalous gra-
nite AG2 was categorized as B2 material forbidding completely its use as construction 
material having ACI > 6 (I = 6.35). In column 5 of Table 2, the radium equivalent ac-
tivity (Raeq) defined by Beretka and Mathew [21], has been included to show that all 
four anomalous granites far exceed the permissible value from building materials of 370 
Bq·kg−1 with an average value of 1168 Bq·kg−1 and a range extending from 604 to 1859 
Bq·kg−1. 

It is remarkable that most of the granite samples with high radioactivity examined by 
Chen and Lin [22] were also red coloured as samples AG1 and AG2. The red colour of 
their highly radioactive granites (Balmoral and African red) is due to the presence of 
abundant feldspars that are reddish in colour as reported by Pavlidou et al. [23]. How-
ever, all four “anomalous” granites were collected from a different region where the 
small rocky mountain of the anomaly area is not subject to exploitation. 

Trevisi et al. [24] noted in their database, that among the 621 superficial materials 
used in 15 MS (Member States) of EU (European Union), only two had ACI (Imax) 
higher than 6 (Italian basalt I ≈ 6.10 and a granite, commercially named as Café Brown, 
imported to Greece I ≈ 7.03). In our present study, one out of twenty six (granite AG2) 
had exceeded this critical value for superficial building materials. Table 3 shows a 
comparison between the results from the EU database, few recent studies worldwide  

 
Table 3. Averages and ranges for activity concentrations of 226Ra, 232Th, and 40K for stones used as 
superficial material in EU member states and a comparison with present study and few recent 
ones worldwide. 

Superficial stones 
No. of 

samples 
226Ra (Bq·kg−1) 232Th (Bq·kg−1) 40K (Bq·kg−1) Country [Ref.] 

Igneous plutonic 387 78 (0.8 - 588) 89 (0.3 - 906) 1049 (24 - 2040) 
European  

Union [17] 
Igneous volcanic 86 160 (16 - 709) 163 (8 - 750) 1295 (170 - 2354) 

Metamorphic 148 27 (0.7 - 166) 21 (0.0 - 142) 395 (0.2 - 1891) 

Granitesa  (4.9 - 190) (4.5 - 450) (190 - 2029) Brazil [14] 

Volcanic tuff stonesa 76 (2 - 263) (8 - 401) (99 - 2107) Turkey [25] 

Granites 50 47 (17 - 85) 83 (62 - 114) 1426 (1315 - 1551) Nigeria [26] 

Granitoid outcropsb 7 44 (29 - 53) 56 (51 - 60) 1133 (711 - 1355) Italy [9] 

Granites  67 (2 - 95) 95 (1 - 450) 1200 (50 - 3800) Greece [27] 

Granites  187 (80 - 330) 118 (100 - 140) 852 (250 - 1300) Egypt [28] 

Granites 20 659 (46 - 6180) 598 (92 - 3214) 1218 (899 - 1987) Pakistan [29] 

Ranyah Anomalous 
raw Granites 

4 667 (305 - 1120) 319 (161 - 491) 586 (282 - 893) Saudi Arabia 
[Present 
Work] Ranyah Normal raw 

Granites 
22 45 (18 - 77) 39 (16 - 73) 1178 (954 - 1531) 

aAverage values not available. bHPGe measurements were considered. 
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and the measurements for our normal and anomalous raw granites, which were col-
lected from Ranyah region. 

Other “anomalies” with much higher level of activity concentration values were 
found in young granites in the Egyptian desert at “Um Taghir”. The average values of 
226Ra, 232Th and 40K activity concentration were 3732, 1683 and 4801 Bq·kg−1, respec-
tively [30]. 

3.2. Internal Exposure to Radon Gas 

As mentioned early, the calculations for radon concentration were performed for two 
values for the air removal rate due to ventilation: νλ  = 0.1 h−1 for poor ventilation and 

νλ  = 0.5 h−1 for adequate ventilation. The results are shown in Figure 3 and Figure 4 
for all samples including the mean value for normal granites (MNG). It is worth men-
tioning that the reference level of 300 Bq·m−3 for radon in dwellings represents ap-
proximately 10 mSv·y−1 [31]. It is clear that all 22 granites classified as “normal”, are 
safe in both circumstances. For a poor ventilated condition, all four anomalous granites 
clearly exceed the reference level. However, when the ventilation is adequate, only sam-
ples AG1 and AG2 exceed this limit and should not be used as superficial building ma-
terials (same red colour in both figures). By comparison, Anjos et al. [14] found that all 
their investigated granites had a value below 100 Bq·m−3 in case of adequate ventilation. 
In case of poor ventilation, 9% of 71 analysed Brazilian commercial granites showed a 
value above 300 Bq·m−3 with a maximum value of (~400 Bq·m−3). In our case, the 
maximum value (~2800 Bq·m−3) is seven times higher in case of poor ventilation due to 
the relatively high 226Ra activity concentrations in anomalous granites. 
 

 
Figure 3. Radon concentration for adequately ventilated room (λv = 0.5 h−1) (Reference level in broken line). 
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Figure 4. Radon concentration for poorly ventilated room (λv = 0.1 h−1) (Reference level in broken line). 

3.3. Multi-Elemental Analysis 

The collected anomalous granites are characterized by their high 226Ra and 232Th activity 
concentrations. At the same time, they have relatively low 40K activity concentration by 
comparison with other collected granites. A recent work with plutonic bodies used as 
decorative building material in Greece investigated to correlate the mineralogical com-
position, the chemical composition (major oxides), groups of minerals and ratios of 
major oxides, age and grain size with 226Ra and 232Th activities [32]. However, obvious 
correlations were not found as the R2 values were below 0.1 in all cases, even for SiO2. 
Therefore, we restricted our analysis to the four anomalous granites along with granite 
NG6 (which has the highest 40K activity concentration (1531 Bq·kg−1) to look for possi-
ble correlation with their elemental composition. Energy dispersive X-ray Spectrometry 
(EDS) was conducted at Taif University JEOL scanning electron microscope (JEOL 
SEM 6390 LA). An example of SEM image and associated standard-less EDS spectrum 
is shown in Figure 5 for hazardous graniteAG2 that had the highest level of natural ra-
dioactivity in our present work. Very similar spectra were obtained for other samples. 
Silicon (Si) is the dominant element in all samples. Other common elements are potas-
sium (K), aluminium (Al), Sodium (Na), Calcium (Ca), iron (Fe) and Magnesium 
(Mg). In addition, Titanium Ti is found in granite NG6 in small amount whereas as 
traces in others. These elements belong to the following oxides found in general in gra-
nites as pointed out by Krmar et al. [33]: SiO2, K2O, Al2O3, Na2O, CaO, Fe2O3 and MgO. 
The final quantitative analysis of all four anomalous granites along with granite NG6 
are summarized in Table 4, where the mass percentages of different elements present in 
the samples are shown. The correlation between K content and 40K activity concentra-
tion is obvious. The correlation coefficient R2 reached a high value of 0.95 as shown in 
Figure 6. 
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Figure 5. EDS spectrum (down) and corresponding SEM image (up) for 
most radioactive anomalous granite AG2. 

 

 
Figure 6. Correlation between K-Mass concentration and 40K Activity con-
centration for AG1, AG2, AG3, AG4 and NG6 granites. 
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Table 4. EDS multi-elemental Analysis-Mass percentage (%). 

Element AG1 AG2 AG3 AG4 NG6 

O 53.12 52.46 52.33 52.63 50.90 

Na 4.81 5.07 4.00 3.60 2.60 

Mg trace trace trace trace 1.03 

Al 6.49 6.84 5.39 6.52 7.81 

Si 28.09 31.23 32.32 29.90 26.36 

K 1.44 1.49 0.96 2.73 4.09 

Ca 3.32 0.79 2.14 2.64 2.68 

Fe 2.73 2.11 2.86 1.99 4.54 

4. Conclusion 

All twenty-two raw granites collected from areas near quarries are safe to be used as 
building materials without any restriction. Three out of four anomalous granites col-
lected from “Taghdoua” have restricted use and should be subject to control. Anomal-
ous granite AG2 was categorized as B2 material forbidding completely its use as con-
struction material as far as external exposure to gamma dose is concerned. Although 
radon indoor exposure can be significantly reduced through adequate ventilation, ano- 
malous granites AG1 and AG2 remain unsafe as superficial building materials for the 
standard room considered because of their relatively high 226Ra activity concentrations. 
It is recommended that companies have to check the radiation risk of granites intended 
for commercialization before any large-scale exploitation using appropriate instruments. 
Besides, the importance of the present work for environmental radiological protection 
in general, it will serve as a valuable information for the current Saudi Geological Sur-
vey strategic programs in environmental geology that are concentrated on mapping the 
hazards associated with natural radioactivity. 
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