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Abstract 

The concentrations of 
226

Ra, 
232

Th and 
40

K in the commonly used building materials of 

Tabuk area, Saudi Arabia were measured using γ-ray spectrometry. The mean activity 

concentration with standard deviation was found to be 27.52±11.28, 37.44±14.51 and 

175.52±113.87 Bqkg
-1

 and ranged from 11.11 to 52.58 Bqkg
-1

, 10.99 to 59.72 Bqkg
-1

, 

60.70 to 394.46 Bqkg
-1 

for, 
226

Ra, 
232

Th and 
40 

K, respectively. The associated radiological 

hazards of natural radioactivity in the studied materials were evaluated by radium 

equivalent activity, external hazard index, internal hazard index, indoor air absorbed 

dose rate and annual effective dose rate. Basic statistics and frequency distributions for 

all radionuclides were used to describe the statistical characteristics of the radionuclide 

activities. This data will serve as the baseline level for naturally occurring radionuclides 

in the study area and will be useful for tracking and assessing any pollution inventory in 

the environment of this region. 
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1. Introduction 

Humans are exposed to ambient ionizing radiation from
40

K, the 
238

U and
232

Th series 

and their decay products which widely spread in the earth’s environment. The interested 

radionuclides in the research about environmental radioactivity are
226

Ra, 
232

Th and 
40

K, 

among which
226

Ra are a radionuclide in the
238

Useries and
232

Th is the first member in 

the
232

Th series. The natural radionuclides in building materials are responsible for the 

external and internal radiation exposures of individuals living in dwellings [1].Generally, 

the specific activities of 
238

U, 
232

Th and
40

K in raw building materials and their products 

depend on geological and geographical conditions as well as the geochemical features of 

those materials. The assessment of the population’s exposure to indoor radiation is very 

important; therefore, knowledge regarding the concentration of natural radionuclides in 

construction materials is required. Construction materials are derived from both natural 

sources (e.g., rock and soil) and waste products (e.g., phosphor gypsum, alum shale, coal, 

fly ash, oil-shale ash, some rare minerals and certain slugs) as well as from industry 

products (e.g., power plants, phosphate fertilizer and the oil industry) [2]. Although 

building materials act as sources of radiation to the inhabitants in dwellings, they also 

shield against outdoor radiation [3]. Knowing the level of the natural radioactivity in 

building materials is important to assess the associated radiological hazards to human 

health and to develop standards and guidelines for the use and management of these 
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materials [4]. In the present work, the concentration of natural radionuclides and 

associated radiological risk were measured in 35 samples of building materials that were 

commonly used in Tabuk, Saudi Arabia, using gamma spectrometry. The obtained results 

were compared to the recommended values to assess the radiation hazards to humans 

resulting from the building materials, and these results were also compared to the 

corresponding values of building materials from different countries. The radiological data 

were processed using multivariate statistical methods such as the Pearson correlation 

coefficient as well as cluster and principal component analyses to determine the 

similarities and correlations among the various samples. 

 

2. Materials and Methods 
 

2.1. Sample Collection and Preparation 

A total of 35 samples of natural and manufactured building materials commonly used 

in Tabuk city, Egypt were collected randomly from sites where housing and other 

building were constructed and from the building material suppliers for the measurement 

of the specific radioactivity of 
226

Ra, 
232

Th and 
40

K. Deposit samples were oven dried at a 

temperature of 105° C for 12 h and sieved through a 200 mesh. The dried samples were 

transferred to polyethylene Marinelli beakers. Each deposit sample was left for at least 4 

weeks to reach secular equilibrium between radium and thorium, and their progenies [5]. 

 

2.2. Gamma-ray Spectroscopic Technique 

Activity measurements have been performed by gamma ray spectrometer, employing a 

scintillation detector (3×3 inch). It is hermetically sealed assembly, which includes a NaI 

(Tl) crystal, coupled to PC-MCA Canberra Accuspec. To reduce gamma ray background, 

a cylindrical lead shield (100 mm thick) with a fixed bottom and movable cover shielded 

the detector. The lead shield contained an inner concentric cylinder of copper (0.3 mm 

thick) in order to absorb X-rays generated in the lead. In order to determine the 

background distribution in the environment around the detector an empty sealed beaker 

was counted in the same manner and in the same geometry as the samples. The 

measurement time of activity or background was 43200 s. The background spectra were 

used to correct the net peak area of gamma rays of measured isotopes. A dedicated 

software program, Genie 2000 from Canberra, was used to carry out the on-line analysis 

of each measured gamma-ray spectrum. The 
226

Ra radionuclide was estimated from the 

351.9 keV (36.7%) γ-peak of 
214

Pb and 609.3 keV (46.1%), 1120.3 keV (15%), 1728.6 

keV (3.05%) and 1764 keV (15.9%) γ-peaks of 
214

Bi. The 186 keV photon peak of 
226

Ra 

was not used because of the interfering peak of 
235

U with energy of 185.7 keV. 
232

Th 

radionuclide was estimated from the 911.2 keV (29%) γ-peak of 
228

Ac, 238.6 keV 

(43.6%) γ-peak of 
212

Pb and 583.1 kev (84.5) γ-peak of 
208

Tl. 
40

K radionuclide was 

estimated using 1,461 keV (10.7%) γ -peak from 
40

K itself. All procedures were described 

in previous publications [6]. 

 

3. Results and Discussion 
 

3.1. Specific Radioactivity 

The distribution of the detected radionuclides, 
226

Ra, 
232

Th, and 
40

K, in the 35 building 

samples are shown in Figure 1. As seen in Table 1, the activity concentration range for 
226

Ra, 
232

Th, and
40

Kwas from 11.11 to 52.58Bqkg
-1

, 10.99 to 59.72Bqkg
-1

, 60.70 to 

394.46Bqkg
-1

, respectively. The average concentration of 
226

Ra, 
232

Th, and
40

K was 27.52, 

37.44 and 175.52 Bqkg
-1

, respectively. These values are 21.37, 24.80 and 56.12 % lower 

than the recommended world average values for 
226

Ra,
232

Th, and
40

K, respectively (Table 
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1), which are 35, 30 and 400 Bq kg
-1

 for 
226

Ra, 
232

Th and 
40

K, respectively [7].The highest 

values observed for the specific activities of 
226

Ra, 
232

Th and 
40

K are 52.58±5.8in cement 

(Ce-4), 59.72±6.6in cement (Ce-5) and 394.4±44.2Bq kg
-1

in granite (Gran-2), 

respectively, while the lowest observed values of the specific activities of the same 

radionuclides are 11.11±1.2in gravel (Grav-2), 10.99±1.2in marble (Ma-3) and 

60.70±6.8Bq kg
-1

in limestone (Li-3), respectively. Figure 2 shows that, the concentrations 

of 
226

Ra, 
232

Th and 
40

K occupy the total activity of 3.77% in sand (Sa-2) to 22.72% in 

limestone (Li-5), 5.47% in sand (Sa-2) to 34.13% in limestone (Li-1) and 40.90% in 

limestone (Li-5) to 90.76% in sand (Sa-2), respectively, which indicates that the specific 

activity due to 
40

K is the largest contributor to the total activity for all samples. 

 

 

Figure 1. Activity Concentrations of 226Ra, 232Th and 40K in Building Materials 

Table 1. Summary of Activity Concentrations 226Ra, 232Th and 40K in Building 
Materials 

Radionuclides Minimum 

Bq kg
-1 

Maximum 

Bq kg
-1

 

Mean 

Bq kg
-1

 

Standard 

deviation 

Median World 

average 

Bq kg
-1

 

Increase/decrease of 

mean with world 

average in % 
226

Ra 11.11 52.58 27.52 11.28 23.43 35
a 

(-) 21.37 
232

Th 10.99 59.72 37.44 14.51 34.97 30
a 

(-) 24.80 
40

K 60.70 394.46 175.52 113.87 104.53 400
a 

(-) 56.12 
a
UNSCEAR (1988).  

(-) Represents decrease in value. 
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Figure 2. The Relative Concentration of 226Ra, 232Th and 40K to the Total 
Activity in Building Materials 

3.2. Radium Equivalent Activities (Raeq) 

The 
226

Ra, 
232

Th and 
40

K emit different-doses even if present in the same amount in 

any material. So the radiation hazards of a material are estimated by calculating the net 

effect of 
226

Ra, 
232

Th and 
40

K present in the material as radium equivalent activity (Raeq). 

During this study (Raeq) was calculated using the following equation by Ibrahiem[8]. 

                                                                                                          (1) 

The ARa, ATh and AK represent the activity concentrations of
226

Ra, 
232

Th, and 
40

K Bq kg
-

1
, respectively. It has been assumed here that 370 Bq kg

-1
of

238
U or 259 Bq kg

-1
of

232
Th 

or4810 Bq kg
-1

of
40

K produce the same gamma dose rate. Raeq is related to the external γ-

dose and internal dose due to radon and its daughters. Table 2 presents the radium 

equivalent activity, Raeq in building material samples. As seen in Table 3 the radium 

equivalent activity ranges from 40.44Bq kg
-1

to 136.43Bq kg
-1

with a mean value 

of94.59Bq kg. This value is 74.43% lower than the recommended safe limit 370 Bq kg
-

1
[9]. 

232
Th is the main contributor to Raeq in all samples, except in marble (Ma-3) the main 

contributor to Raeq is 
226

Ra. The sum of the relative contribution of 
226

Ra and 
232

Th to Raeq 

is 62.39–95.84% in all analyzed building materials (Figure 3). Table 4 presented a 

comparison of activity concentrations and radium equivalent activities (Bq kg
-1

) in 

gypsum, gravels, granite, marble, cement and sand in different areas of the world, 

respectively. 

 

3.3. Representative Level Index (RLI) 

The γ-ray representative index is used as a tool to estimate the radiation hazards in 

building materials associated with natural radionuclide. It is defined by the following 

equation [2]: 

RLI = (ARa/150) + (ATh/100) + (AK/1500)                                                                         (2) 
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Table 2. Radium Equivalent (Raeq)(Bq kg-1), Representative Level Index 
(RLI)(Bq kg-1), Activity Utilization Index (AUI), Outdoor Absorbed Dose Rate 
(Dout)(nGy h-1), Indoor Absorbed Dose Rate (Din)(nGy h-1), Outdoor Annual 
Effective Dose (Eout)(mSv y-1), Indoor Annual Effective Dose (Ein)(mSv y-1), 
External Radiation Hazard (Hex), Enteral Radiation Hazard (Hin), Outdoor 

Excess Lifetime Cancer Risk (ELCRout), Indoor Excess Lifetime Cancer Risk 
(ELCRin) and Annual Gonadal Dose Equivalent (AGDE)(μSv y-1) 
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Table 3. Summary of Radiation Indices: Raeq, RLI, AUI, Dout, Din, Eout, Ein, Iα, 
Iγ, Hex, Hin, ELCRout, ELCRin and AGDE, in Building Materials 

Radiation indices Minimum 
 

Maximum 

 

Mean 

 

Standard 

deviation 

Median Upper 

limit 

 

Increase/decrease of 

mean with Upper 

limit  in % 

Raeq 40.44 136.43 94.59 28.46 98.33 370 (-) 74.43 

RLI 0.29 0.95 0.67 0.19 0.73 ≤ 1 (-) 33 

AUI 0.31 1.13 0.72 0.26 0.68 < 2 (-) 64 

Dout 17.86 58.91 41.75 11.99 44.97 59 (-) 29.23 

Din 34.78 114.56 80.73 11.99 86.95 84 (-) 3.89 

Eout 0.02 0.07 0.05 0.01 0.06 0.07 (-) 28.57 

Ein 0.17 0.56 0.39 0.11 0.43 0.41 (-) 4.87 

Iα 0.06 0.26 0.13 0.05 0.12 ≤ 1 (-) 87 

Iγ 0.14 0.48 0.33 0.09 0.36 ≤ 1 (-) 67 

Hex 0.11 0.37 0.25 0.07 0.27 ≤ 1 (-) 75 

Hin 0.15 0.51 0.32 0.10 0.33 ≤ 1 (-) 68 

ELCRout×10
-3 

0.08 0.25 0.18 0.05 0.20 0.29 (-) 37.93 

ELCRin ×10
-3

 0.60 2.00 1.40 0.40 1.50 1.16 (+) 20.68 

AGDE 126.92 415.65 296.7 84.10 317.48 300 (-) 1.1 

(-) and (+) represent decrease and increase in value, respectively. 

 

 

Figure 3. The Relative Concentration of 226Ra, 232Th and 40K to the Raeq in 
Building Materials 

Representative level index ranged from 0.29 to 0.59 Bq kg
-1

 with average value is 0.67 

Bq kg
-1

 (Table 2). The average value of RLI is 33% lower than the recommended safe 

limit ≤ 1 (Table 3)[22]. Therefore, building materials present no radiation hazard and are 

not harmful to human beings. The average value of RLI is 33% lower than the 

recommended safe limit. 
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3.4. Activity Utilization Index (AUI) 

To facilitate the calculation of dose rates in air from different combinations of the three 

radionuclides in building materials samples and by applying the appropriate conversion 

factors, an activity utilization index (AUI) can be constructed, as given by the following 

expression [23]: 

AUI = (ARa/50) fU+ (ATh/50) fTh+ (AK/500) fK                                                                   (3) 

The fU(0.462), fTh(0.604) and fK(0.041) are the fractional contributions to the total dose 

rate in air due to gamma radiation from the actual concentrations of these radionuclides. 

Table 2 represents the activity utilization index, which is ranged from 0.31 to 1.13 with 

average value is 0.72. The average value of AUI is 64% lower than the recommended safe 

limit2 (Table 3), which correspond to an annual effective dose of < 0.3 mSv y
-1

 [24]. This 

indicates that, the building materials can be safely used for the construction of buildings. 

Representative level index ranged from 0.29 to 0.59 Bq kg
-1

 with average value is 0.67 

Bq kg
-1

 (Table 2). The average value of RLI is 33% lower than the recommended safe 

limit ≤ 1(Table 3) [22]. Therefore, building materials present no radiation hazard and are 

not harmful to human beings. The average value of RLI is 33% lower than the 

recommended safe limit 

Table 4. Comparison of Activity Concentration and Radium Equivalent 
Activity with other Countries 

Materials Country Activity concentration 

(Bq kg
-1

) 

Raeq 

(Bq kg
-1

) 

References 

  
226

Ra 
232

Th 
40

K   

Gypsum Algeria 50 21 275 - [10] Amrani and Tahtat 2001 

 China 64.7 48.7 161.3 - [11] Xinwei 2005 

 India 10 6 27 - [12] Kumar et al., 2003 

 Saudi-Tabuk 36.95 52.23 101.29 119.44 Present study 
Gravels Cuba 20 13 134 48.91 [13] Flores et al., 2008 

 Greece 11 12 140 38.9 [14] Stoulos et al., 2003 

 Turkey 22.5 6.8 101.7 40.03 [15] Mavi and Akkurt, 2010 

 Saudi-Tabuk 17.07 29.79 216.68 76.35 Present study 
Granite India 82 112 125 - [12] Kumar et al., 2003 

 Egypt 59 70 1560 - [16] El Afifi et al.,(2006) 

 Saudi-Tabuk 24.35 35.39 375.96 103.91 Present study 
Marble Algeria 23 18 310 - [10] Amrani and Tahtat 2001 

 Cameron 8 0.35 19 - [17[ Ngachin et al.,(2007) 

 Egypt 30 20 157 - [16] El Afifi et al.,(2006) 

 Saudi-Tabuk 18.46 17.36 77.03 49.21 Present study 
Cement Turkey 41 26 267 98 [18] Turhan, 2008 

 Egypt 35.60 43.17 82.08 103 [19] El-Taher et al., 2010 

 Greece 20 13 247 57.61 [14] Stoulos et al., 2003 

 Saudi-Tabuk 42.66 52.90 97.73 125.83 Present study 
Sand Pakistan 20 29 383 91 [20] Faheem et al., 2008 
 India 40 55 590 164.1 [21] Sonkawade et al., 2008 
 Cameroon 14 31 586 104.1 [17] Ngachin et al., 2007 
 Saudi-Tabuk 17.51 24.78 289.77 75.25 Present study 
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3.5. Absorbed Gamma Dose Rate (D) 

The outdoor absorbed gamma dose rate (Dout) at 1 m above the ground surface is 

assessed from the γ-radiation originating from 
226

Ra, 
232

Th and 
40

K supposed to be equally 

distributed in ground. For the conversion of γ-radiation originating from 
226

Ra, 
232

Th and 
40

K, the factors of0.436 nGy h
-1

Bq
-1

kg
-1 

for
226

Ra, 0.599 nGy h
-1

Bq
-1

kg
-1 

for
232

Th and 

0.0417 nGy h
-1

Bq
-1

kg
-1 

for 
40

K were used for calculating the (Dout). The conversion factors 

have been taken as means of those reported by Quindos [25]. The (Dout) was calculated 

using the following equation by [7]: 

Dout (nGy h
-1

) = 0.43ARa+ 0.666ATh + 0.047 AK                                                                (4) 

The outdoor external doses (Dout) due to the presence of 
226

Ra, 
232

Th and
40

K in the 

building materials were calculated which range from 17.86 to 58.91nGy h
-1

 (Table 2), 

with an average value of 41.75nGy  h
-1

. The average is 29.23 lower than the worlds' 

average of59 nGy h
-1

 [7]. The γ-ray dose (Din) imparted by 
226

Ra, 
232

Th and 
40

K present in 

the indoor is calculated by converting the absorbed dose rate into effective dose using the 

three conversion factors;0.92 Gy h
-1

per Bq kg
-1

for 
226

Ra, 1.1 nGy h
-1 

per Bq kg
-1 

for 
232

Th 

and 0.081 nGy h
-1 

per Bq kg
-1 

for 
40

K. By utilizing the above mentioned conversion factors 

following equation was used to calculate the (Din) [7]. 

Din (nGy h
-1

) = 0.92ARa+ 1.1ATh + 0.081 AK                                                                      (5) 

The calculated indoor gamma dose rates for 35 samples are shown in Table 2. The 

calculated minimum and maxim values are34.78and114.56, respectively, with an average 

of 80.73nGyh
-1

 (Table 3), which is 3.89% lower than the world's average of 84 nGy h
-1

[7]. 

From calculated indoor gamma dose rates values, it is observed that, the 54.28% (19 

samples) exceed the worldwide mean value. Building materials with much higher Din 

values may cause radiation hazards and hence must be avoided for construction purposes. 

As shown in Figure 4, the 
232

Th is the main contributor to Din in all samples, except in 

marble (Ma-3) the main contributor to Din is 
226

Ra and in sand (Sa-2) the main contributor 

to Din is 
40

K. The sum of the relative contribution of 
226

Ra and 
232

Th to Din is 56.34–94.7% 

in all analyzed building materials. 

 

 

Figure 4. The Relative Concentration of 226Ra, 232Th and 40K to the Din in 
Building Materials 
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3.6. Annual Effective Dose (E) 

The annual effective dose is of two types. The annual indoor effective dose (Ein) and 

annual outdoor effective dose (Eout).The (Eout) is estimated from the dose rate (Dout), time 

of stay in the outdoor or occupancy factor is 20% of 8760 h in a year and the conversion 

factor is 0.7 Sv Gy
-1

 to convert the absorbed dose in air to effective dose. During the 

present study, the (Eout) was calculated using the following equation [7]: 

Eout (mSv y
-1

) = Dout  8766  0.2  10
-6

                                                                       (6) 

The annual outdoor effective dose values for building materials are listed in Table 2. 

The calculated Din values are between 0.02 and 0.07 mSv y
-1

 with an average value of 

0.05mSv y
-1

 (Table 3), which is 28.57% lower than the world's average of 0.07 mSv y
-1

 

[7]. 

The annual indoor effective dose (Ein) is the dose which a person receives in the indoor 

environment. The (Ein) depends on the indoor external dose(Din) that is the γ-ray dose 

within the buildings, dose conversion factor (CFthat is 0.7 Sv Gy
-1

) and the time of stay in 

the indoor is 80% of the in a year. The annual indoor effective dose (Ein) was calculated as 

per equations given below [7]: 

Ein (mSv y
-1

) = Dout  8766  0.8  10
-6

                                                                        (7) 

The (Ein) calculated for the building materials used in Tabuk, Saudi Arabia are given in 

Table 2. It ranges from 0.17 to 0.56 with an average of 0.39mSv y
-1

which is 4.87% lower 

than the world's average of 0.41 mSv y
-1

. From calculated annual indoor effective dose 

(Ein) values, it is observed that, the 54.29% (19 samples) exceed the worldwide mean 

value. 

 

3.7. Alpha index (Iα) 

From the radon inhalation, which originates from building materials, the excess  alpha 

radiation (nGy h
-1

) is calculated using the following relation [26]: 

I = ARa/200                                                                                                                      (8) 

When the 
226

Ra activity concentration (ARa) of building material exceeds the value of 200 

Bqkg
-1

, it is possible that the radon exhalation from this material could cause indoor radon 

concentration exceeding 200 Bqm
-3

. The calculated values of (Iα) are listed in Table 2. 

The recommended exemption level and recommended upper level for the 
226

Ra activity 

concentrations in building materials are 100 Bq kg
-1

 and 200 Bq kg
-1

, respectively, in 

building materials as suggested by the Radiation Protection Authorities in Denmark, 

Finland, Iceland, Norway and Sweden [27]. The calculated Iα values are between 0.06 and 

0.26 with an average value of 0.13, which is 87% less than the world recommended mean 

value, see Table 3. 
 

3.8. Gamma Index (Iγ) 

In order to assess whether the safety requirements for building materials are being 

fulfilled, a gamma index Iγ is calculated as proposed by the European Commission [28]: 

Iγ= (ARa/300) +(ATh/200) +(AK/3000)                                                                                (9) 

Iγ ≤ 2 correspond to an absorbed gamma dose rate of 0.3 mSv y
-1

, whereas 2 < γ ≤6 

corresponds to an absorbed gamma dose rate of 1 mSv y
-1 

[28]. Thus, the activity 

concentration index should be used only as a screening tool for identifying materials that 

might be of concern when used as construction materials; although materials with Iγ> 6 

should be avoided, these values correspond to dose rates higher than 1 mSv y
-1

, which is 

the highest dose rate value recommended for the population [2].The gamma index Iγ for 
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the building materials varies between 0.14 and 0.48, as presented in Table 2. The average 

gamma index is 67% less than the recommended value (Table 3). 

 

3.9. Radiation Hazard Indices 

The external hazard index Hex can be calculated by the following equation [9]: 

Hex = (ARa/370) + (ATh/259) + (AK/4810)  ≤1                                                                  (10) 

The value of this index must be less than the unity in order to keep the radiation hazard 

to be insignificant. The maximum value of Hex equal to unity corresponds to the upper 

limit of Raeq (370 Bq  kg
-1

). The calculated external hazard index values are presented in 

Table 2. The calculated external hazard index values are between 0.11 and 0.37 with 

average value of 0.25, which is 75% less than recommended value (Table 3). As shown in 

Figure 5, the 
232

Th is the main contributor to Hex in all samples, except in marble (Ma-3) 

the main contributor to Hex is 
226

Ra. The sum of the relative contribution of 
226

Ra and 
232

Th to Hex is 62.40–95.84% in all analyzed building materials. 

In addition to the external hazard index, radon and its short lived progeny are also 

hazardous to the respiratory organs. The internal exposure to radon and its daughter 

progenies is quantified by the internal hazard index Hin [7], which is given by the 

equation: 

Hin = (ARa/185) + (ATh/259) + /9AK/4810)  ≤1                                                                 (11) 

 

 

Figure 5. The Elative Concentration of 226Ra, 232Th and 40K to the Hex in 
Building Materials 

For safety measurements in the use of materials for building constructions, it should 

note that internal hazard index is ≤ 1. Table 2 presents the calculated values of Hin. The 

calculated internal hazard index values are between 0.15 and 0.51 with average value of 

0.32, which is 68% less than recommended value (Table 3). 
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3.10. Excessive Lifetime Cancer Risk (ELCR) 

Based upon calculated values of annual effective dose excess lifetime cancer risk 

(ELCR) was calculated using the following equation; 

ELCRout=Eout×LE×RF                                                                                                      (12) 

ELCRin=Ein×LE×RF                                                                                                        (13) 

Where (Eout) and (Ein) are the annual effective doses, LE life expectancy (70 years) and 

RF(Sv
-1

) is fatal risk factor per Sievert. For stochastic effects, ICRP 60 uses values of 0.05 

for the public [30].The calculated external excess lifetime cancer risk (ELCRout) and 

internal excess lifetime cancer risk (ELCRin) are presented in Table 2. The calculated 

external excess lifetime cancer risk (ELCRout) values are between 0.08×10
-3

 and 0.25×10
-3

 

with an average value of 0.18×10
-3

 (Table 3), which is 37.93 less than the upper limit 

0.29×10
-3

 [29]. The calculated internal excess lifetime cancer risk (ELCRin) values are 

between 0.6×10
-3

 and 2×10
-3

 with an average value of 1.4×10
-3

 (Table 3), which is 20.68 

higher than the upper limit 1.16×10
-3

. It is interesting to note that 71.42% (25 samples) of 

the internal excess lifetime cancer risk was greater than the upper recommended value. 

Building materials with much higher ELCRin values may cause radiation hazards and 

hence must be avoided for construction purposes. 

 

3.11. Annual Gonadal Dose Equivalent (AGDE) 

It is a measure of the genetic significance of the yearly dose equivalent received by the 

population’s reproductive organs (gonads) [2]. In the same context, the activity bone 

marrow and the bone surface cells are considered as the organs of interest by 

[30].Therefore, the annual gonadal dose equivalent (AGDE) (μSv y
-1

) for people living 

inside a building due to the specific activities of 
226

Ra, 
232

Th and 
40

Kpresent in building 

materials is calculating using the following formula [26]: 

AGDE = 3.09ARa + 4.18ATh + 0.314AK                                                                           (14) 

The obtained values of annual gonadal dose equivalent are presented in Table 2. The 

values ranged from 126.92 to 415.65 μSv y
-1

 with an average value of 296.7 μSv y
-1

, 

which is 1.1% less than the world recommended value (Table 3) [31]. From calculated 

indoor gamma dose rates values, it is observed that, the 54.28% (19 samples) exceed the 

worldwide mean value which is between 316.68 and 415.65 μSv y
-1

. 

 

4. Basic Statistical 

The results of the statistical parameters are presented in Table 5. In probability theory 

and statistics, skewnessis a measure of the asymmetry of the probability distribution of 

real valued random variable. Skewness has benefits in many areas. Many models assume 

normal distribution, i.e., data are symmetric about the mean. The normal distribution has a 

skewness of zero. However, in reality, data points may not be perfectly symmetric. 

Therefore, an understanding of the skewness of the dataset indicates whether deviations 

from the mean are going to be positive or negative. Skewness characterizes the degree of 

asymmetry of a distribution around its mean [32]. Positive skewness indicates a 

distribution with an asymmetric tail extending towards values that are more positive. 

Negative skewness indicates a distribution with an asymmetric tail extending towards 

valuesthat is more negative. Lower skewness value form generally normal distributions. 

Table 5 presents that, the 
226

Ra and 
40

K radionuclides have the positive skewness values, 

and the 
232

Thradionuclide has the negative skewness value. These values are lower 

skewness, which indicate the asymmetric nature. 

Kurtosis is a measure of the peakedness of the probability distribution of a real valued 

random variable. It characterizes the relative peakedness or flatness of a distribution 
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compared with the normal distribution. Positive Kurtosis indicates a relatively peaked 

distribution. Negative kurtosis indicates a relatively flat distribution. Higher kurtosis 

means more of the variance is a result of infrequent extreme deviations, as opposed to 

frequent modestly sized deviations [33]. In the present study all the radionuclides have 

negative kurtosis values (Table 5) which indicates a flat distribution. 

Table 5. Descriptive Statistics of Collected Building Materials 

Variables 
226

Ra 
232

Th 40
K 

Range 41.47 48.73 333.76 

Variance 127.319 210.762 1.297E4 

Skewness 0.491 -0.061 0.722 

Kurtosis -0.847 -1.244 -1.009 

 

4.1. Histograms 

A histogram is a graphical representation of the distribution of data. It is an estimate of 

the probability distribution of a continuous variable. A histogram is a representation of 

tabulated frequencies, shown as adjacent rectangles, erected over discrete intervals (bins), 

with an area equal to the frequency of the observations in the interval. The height of a 

rectangle is also equal to the frequency density of the interval, i.e., the frequency divided 

by the width of the interval. The total area of the histogram is equal to the number of data. 

A histogram may also be normalized displaying relative frequencies. The rectangles of a 

histogram are drawn so that they touch each other to indicate that the original variable is 

continuous [2]. The frequency distributions of all the radionuclides were analyzed, and 

the histograms are given in Figures 6–8. Graphs for 
226

Ra, 
232

Th and 
40

K show that these 

radionuclides demonstrate a normal (bell-shaped) distribution. 

 

 

Figure 6. The Frequency Distribution of the Activity of 226Ra 
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Figure 7.The Frequency Distribution of the Activity of 232Th 

 

Figure 8. The Frequency Distribution of the Activity of 40K 

4.2. Principal Component Analysis (PCA) 

Factor analysis was carried out on the data set (17 variables as in the above analyses) to 

assess the relationship as per the procedure given in [23]. The rotated factor 1 and factor 2 

values are reported in Table 6. Factor analysis yielded two factors with eigen value <1, 

explaining 98.257% of the total variance. From rotate space of component-1 (PC1) and 

component-2 (PC2), the first factor accounted for 85.489% of the total variance and 
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mainly characterized by high positive loading of concentrations of
226

Ra, 
232

Th. Factor-2 

accounted for 12.768% of the total variance, which mainly consists of positive loading 

of
226

Ra.Figure 9 shows the rotated factor loadings of radiological parameters. 

 

4.3. Cluster Analysis 

To confirm the existing correlation between the variables, cluster analysis (CA) is 

carried out. It is a multivariate technique, whose primary purpose is to classify the objects 

of the system into categories or clusters based on their similarities, and the objective is to 

find an optimal grouping for which the observations or objects within each cluster are 

similar, but the clusters are dissimilar from each other. Similarity is a measure of distance 

between clusters relative to the largest distance between any two individual variables. The 

100% similarity means that the clusters were zero distance apart in their sample 

measurements, where as similarity of 0% means the cluster areas are as disparate as the 

least similar region. Cluster analysis was carried out through axes to identify similar 

characteristics among natural radioisotopes and radiological parameters in the building 

materials [2]. 

In cluster analysis, the average linkage method along with correlation coefficient 

distance was applied and the derived dendrogram was shown in Figure 10.In this 

dendrogram, all 17 parameters and three radionuclides were grouped into three 

statistically significant clusters. Cluster-I consists of RLI, Dout, Din, Ein, ADGE, I, 

ELCRout, ELCRin, Raeq, Hex and Eout.Cluster-II consists of AUI, Hin, 
232

Th, 
226

Ra and 

Iα.Cluster-III separately accounted for 
40

K. From this cluster analysis, internal hazard 

index in the study area are due to the concentration of 
226

Ra and 
232

Th. Cluster–III 

suggests that
40

K does not contribute to any radiological parameters in the building 

materials. 

Table 6.Rotated Factor Loading of the Variables 

Variables Component 

 PCA1 PCA2 
226

Ra 0.784 0.561 
232

Th 0.891 0.366 
40

K 0.067 -0.984 

Raeq 0.982 0.186 

RLI 0.993 0.108 

AUI 0.902 0.427 

Dout 0.994 0.106 

Din 0.994 0.112 

Eout 0.980 0.079 

Ein 0.993 0.113 

Iα 0.783 0.563 

I 0.994 0.103 

Hex 0.984 0.173 

Hin 0.952 0.302 

ELCRout 0.992 0.117 

ELCRin 0.990 0.120 

ADGE 0.997 0.078 

Variance explained in % 85.489 12.768 
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4.4. Pearson’s Correlation Coefficient Analysis 

Correlation analysis has been carried out as a bivariate statistics in order to determine 

the mutual relationships and strength of association between pairs of variables through 

calculation of the linear Pearson correlation coefficient. Table 7 presents that, the results 

for Pearson correlation coefficients between all the studied radioactive variables for 

building materials. High good positive correlation co-efficient was observed between
232

Th 

and
226

Ra because radium and thorium decay series occur combined together in nature 

[34].But very weak negative correlation co-efficient was observed between
40

K 

and
226

Ra,
232

Th since
40

K origins are in different decay series. Radiological parameters 

(radium equivalent, representative level Index, activity utilization index, outdoor absorbed 

dose rate, indoor absorbed dose rate, outdoor annual effective dose, indoor annual 

effective dose, external radiation hazard, internal radiation hazard, outdoor excess lifetime 

cancer risk, indoor excess lifetime cancer risk and Annual gonadal dose equivalent)have 

high good positive correlation coefficients with
226

Ra and 
232

Th, while they are have a 

weak negative correlation with
40

K. This implies that there is a very strong relationship 

between the radionuclides of 
226

Ra and
232

Th in building materials and radiological 

parameters. 

 

5 Conclusions 

The 
226

Ra, 
232

Th and 
40

K content, Radium equivalent (Raeq), representative level Index 

(RLI), activity utilization index (AUI), outdoor absorbed dose rate (Dout), indoor absorbed 

dose rate (Din), outdoor annual effective dose (Eout), indoor annual effective dose (Ein), 

external radiation hazard (Hex), internal radiation hazard (Hin), outdoor excess lifetime 

cancer risk (ELCRout),indoor excess lifetime cancer risk (ELCRin) and Annual gonadal 

dose equivalent (AGDE)of some building materials commonly used in Tabuk, KSA, were 

determined. The values obtained in the study are within the recommended safety limits, 

demonstrating that these building materials do not pose any significant radiation hazard; 

thus, the use of these materials in the construction of dwellings can be considered safe for 

the inhabitants. 

 

 

Figure 9. Graphical Representation of Factors 1 and 2 
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Figure 10. Dendrogram Shows the Clustering of Radionuclides 

Table 7. Pearson Correlation Matrix among the Variables 
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