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In the present work, The concentrations  of natural radionuclides in Egyptian cement and gypsum 
measured by using Nal(Tl) and calculated its  radiological hazards in investigated samples. The 
results obtained have shown  that the highest values were 63±2.3, 13±4 and 161±13 Bq/kg for 
226Ra, 232Th and 40K respectively and the lowest values were 5±0.2, 0.2±0.03 and 55±4 Bq/ for 
226Ra, 232Th and 40K respectively. The radium equivalent activity (Raeq), the external and internal 
hazard indices, the indoor absorbed dose rate and the corresponding annual effective dose were 
estimated for potential exposure risks of the cement samples. Also measured were 222Rn mass, 
area exhalation rate and radium content. The results obtained were compared with data from 
other countries.  
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1. INTRODUCTION 

 
Cement is one of the most important materials used by the building industry in Egypt. Most 

often the buildings are constructed from cement blocks and concrete; furthermore cement is used for 
plastering buildings. Gypsum is a naturally occurring mineral made up of calcium sulfate and water 
(CaSO4·2H2O) which is some-times called hydrous calcium sulfate. It is the mineral calcium sulfate 
with two water molecules attached. By weight, it is 79% calcium sulfate and 21% water. Gypsum 
has 23% calcium and 18% sulfur, and its solubility is 150 times than that of limestone, so it is a 
natural source of plant nutrients. Gypsum naturally occurs in sedimentary deposits from ancient sea 
beds. Gypsum is mined and made into many products like drywall used in construction, agriculture 
and industry. It is also a by- product of many industrial processes. Gypsum is also used as a generic 
name for many types of sheet products made of a non-combustible core with a paper surfacing that 
adds strength. These include drywall, ceiling tiles, partitions, etc., whose strength is directly related 
to its thickness and a few trace materials. Gypsum has been known for centuries as a building 
material. The earliest known use of gypsum as a building material was in Anatolia around 6000 B.C 
[1]. 
 

The natural radionuclides from the 238U- series, 232Th series and potassium 40K are present in 
all raw and manufactured building materials. The cement which is the finished good produced from 
the rock and soil materials is usually incorporated with natural radionuclides therefore, their use in 
the construction of residential and commercial buildings results into external and internal radiation 
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exposure to the population. From the radiological point of view, the most important exposure with 
regards to health is from radon (222Rn, 220Rn) and its short-lived decay products which become the 
major source of internal exposure when inhaled. The external dose is due to radiation exposure by 
gamma rays emitted from the radionuclides in the building materials. Determination of radionuclides 
present in cement is crucial and vital because several investigated building materials including 
cements in some regions around the world were identified to possess elevated levels of natural 
radionuclides contributing to an annual effective dose of more than 1 mSv which is the maximum 
permissible level [1, 2].  Based on the activity concentrations of 226Ra, 232Th and 40K in the building 
materials, one can assess the radiological hazard connected with the use of these materials [2].  

Most building materials contain naturally occurring radioactive elements, the most important 
of which are potassium 40K, and the members of two natural radioactive series, which can be 
represented by the isotopes of thorium 232Th and radium 226Ra. Cement is a widely used building 
material. Hence, the cement industry is considered as one of the basic industries that plays an 
important role in the national economy of developing countries. 

 Radon exhalation from building materials varies with their type and origin. The knowledge of 
radon exhalation rate from building materials may enable the estimation of indoor radon levels. Such 
measurements have been the subject of many others [3-9]. 

 
 In the study presented herein, the activities of natural radionuclides of 226Ra, 232Th and 40K, 

and radiological parameters such as radium equivalent activity, indoor absorbed dose rate, and 
external and internal hazard indices were determined to assess the radiation risk associated with the 
cements commonly used in Egypt. 

 
2. EXPERIMENTAL METHOD 

2.1. Detector Efficiency 

 
The dried samples were then packed in standard cylindrical plastic containers of 5.5 cm 

diameter and 7.5 cm height for gamma activity analysis. The containers were filled full and 
hermetically sealed to avoid escape of radon, and then the samples were stored for about four weeks 
prior to counting to reach secular equilibrium between 226Ra and its short lived progeny products . 

γ-ray measurements were carried out using NaI(Tl) detector. It consists basically of 3×3 inch 
NaI(Tl), S-1212-I model, with a 1024 microcomputer multichannel analyzer, 5510 Ortec Norland. 
The applied detector has a peak gamma ray efficiency of 2.3×10-2 at 1332 keV, energy resolution of 
7.5% at 662 keV and operation bias voltage 805 V dc. The detector was calibrated in absolute 
efficiency using a mixed twelve radionuclides gamma standard QCY48  Fig. 1, [10].  

To reduce the counting background, a cylindrical lead shield with a fixed bottom and a 
movable cover, containing two inner concentric cylinders of copper and cadmium, was placed over 
the detector. The environmental γ-ray background at the laboratory site was determined using the 
same standard plastic container under identical measurement conditions from measurements prior, 
during and after the experiments, it was found that the background levels in the laboratory were 
maintained constant during the whole period of the measurements [11]. 

 Every sample was placed in face to face geometry the detector for 10 to 24 hour for (226Ra, 
232Th and 40K) concentrations measurements. The resultant spectrum of each sample was acquired 
via the Genie 2000 software package. Prior to sampling counting, background were taken normally 
every week under the same condition of sample measurement. Activity concentration of 40K can be 
measured directly by its own γ-ray at 1460.8 keV, while activities of 226Ra was measured using 
gamma-lines at 351.92 keV (35.1%) of 214Pb and at 609.32 keV (44.6%) of 214Bi. 232Th was 
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determined using gamma-energies at 911.16 keV (26.6%) of 228Ac and at 2614 keV (35.8 %) of 
208Tl. The activity levels (As) for radionuclides in the measured samples are computed using the 
procedure outlined in Refs. [12-14]. 
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Figure 1.  Full energy peak efficiency as a function of gamma ray energy a typical NaI(Tl) detector 
for soil in bottle . 
 

2.2. Calculation of Radioactivity Concentration 

2.2.1. Gamma  Indices 
 

 Through calculating the area under the peak (net area) Fig. 2 and by means of the detector 
efficiency curve, the specific activity (activity concentration) AEi was determined using the formula 
[15] 

 
                                              Aspecific = (N /t -N0/t0) / (Iγ· ε ·  m)                                              (1) 

 
where N is the number of counts in a given peak area corrected for background peaks of a peak at 
energy E, the detection efficiency at energy E, t is the counting time in second, the number of 
gammas per disintegration of this nuclide for a transition at energy E, and M is the mass in kg of the 
measured sample.  Calculations relied on the establishment of secular equilibrium in the samples, 
due to the much smaller lifetime of daughter radionuclides in the decay series of 232Th and 238U. The 
γ-rays of 212Pb (238.63 keV), 208Tl (583.2 keV) and 228Ac (338.4, 911 and 969 keV) were used to 
determine the 232Th concentration. The γ-rays are of 214Bi (609.3, 1120.3 and 1764.5 keV) and 214Pb 
(295.2 and 351.9 keV) - for 226Ra. The 1461 keV gamma of 40K was used to determine the 
concentration of 40K [16]. 
 

• The absorbed dose rates is Dair 

                                         Dair = 0462 ARa + 0.604 ATh+ 0.047 Ak                                          (2) 
 

where ARa, ATh and AK are specific activity concentration in Bq.kg-1 of 226Ra, 232Th and 40K. 
  

• Radium equivalent activity (Raeq) 
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Radium equivalent activity (Raeq) is an index that has been introduced to represent the specific 
activities of 226Ra, 232Th and 40K by a single quantity, which takes into account the radiation hazards 
associated with them. Raeq can be calculated according to Beretka and Mathew (17) from the 
following equation. 

                                                      Raeq  = ARa+1. 43 ATh +0. 077 AK                                        (3) 
 

where ARa, ATh and AK are specific activity concentration in Bq.kg-1 of 226Ra, 232Th and 40K, 
respectively. This equation is based on the assumption that 370 Bq.kg-1 226Ra, 259 Bq.kg-1 of 232Th 
and 4810 Bq.kg-1 of 40K produce the same gamma ray dose. 

 

 
  Figure 2. The energy spectrum recorded for cement sample by scintillation detector NaI(Tl) 

 
• External hazard index, Hex 

The external gamma exposure dose from building materials to 1.5 mSv/y per practice, the 
external hazard index, Hex, is defined as [17] 

 
                                           Hex = ARa/370 +A Th/259 +A K /4810                                             (4) 

 
where ARa, ATh and AK are specific activity concentration in Bq.kg-1 of 226Ra, 232Th and 40K. 

  
• Internal hazard index, Hin  

Internal hazard index, Hin, gives the internal exposure to carcinogenic radon and its short lived 
progeny as [18] 

                                             Hin =ARa/185 +A Th/259 +A K /4810                                             (5) 
 

where ARa,  ATh and AK are specific activity concentration in Bq.kg-1 of 226Ra, 232Th and 40K. 
 

2.2.2. AlphaGUARD 
 
Ionization chamber AlphaGUARD PQ2000PRO along with the additional special equipment 

AquaKIT was used for determining 222Rn exhalation activity concentration (12) in cement, and 
Gypsum samples. The background of empty set-up was measured for a few minutes before every 
sample measuring. About 200 g of sample was put into the degassing vessel. The Alpha pump was 
switched on with the flow rate 1/min and 10 min flow, so 222Rn activity concentration will be 
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recorded every 10 minute. At equilibrium state, the final activity of exhaled radon inside that 
container is as follows: 

                                                           At = A0(1 − e−λt )                                                             (6) 
where λ is the decay constant of the radon nuclide and A0 is the final value of the activity 
concentration, at t ≈ 7T1/2. The radon exhalation rate per unit area of the sample Ea is calculated 
using the following formula [18, 19].  

                                                           Ea = A0λ (V /F )                                                              (7) 
where V is the volume of the emanation container (2400 × 10−6 m3) and F is the total surface area of 
the sample (0.0113 m2), which equals the cross-sectional area of the emanation container. By 
analogy of Eq. 7, the radon exhalation rate per unit mass of that sample Em is also calculated using 
the following formula: 

                                                             Em = A0λV/m                                                                (8) 
 
where, m is the mass of the sample. 

 
3. RESULTS 

 
The measured activity concentrations of 226Ra, 232Th and 40K radioactivity concentration in 

different type of cement considered in this work is given in Table (1) and Fig. 3. In the Egyptain  
cement brands, the activity concentration for 226Ra range from 5±0.2 Bq kg−1 to 63±2.30 Bq kg−1 with 
an average value 26±0.92 Bq/kg. 232Th activity concentrations range from 0.2±0.03 Bq kg−1 to 13±4 
Bq kg−1 with an average 6±2 Bq/kg. The activity concentration for 40K range from 55±4 Bq kg−1to 
161 ± 13 Bq kg−1 with an average of 92±7 Bq/kg. The average concentrations are 40K>226Ra>232Th 
and all values are less than the world average table 2, which are 50, 50 and 500 Bqkg-1, respectively 
[20].  

 
Table 1. Concentration of natural radionuclides 226Ra, 232Th and 40K in cement, white cement and 
gypsum 

 No. of 
samples 

 Kind of cement samples Ra-226 
 

Th-232 
 

K-40 
 

Cement 

1 Assiut 2013 63±2.30 12±3.9 161±12.8 

2 Assiut 2014 40±1.44 11±3.5 87±6.9 

3 alnahda2013 54±1.95 12±3.9 70±5.6 

4 alnahda2014 52±1.84 13±4.0 144±11.5 

5 Qena 59±2.13 12±3.7 120±9.5 

6 Kawmya 26±0.94 9±2.9 108±8.5 

White Cement 

7 whait sinai cement 27±0.97 5±1.7 79±6.2 

8 whait alnahda cement 7±0.24 2±0.8 55±4.4 

9 whait helwan cement 14±0.51 5±1.6 57±4.5 

Gypsum 
10 Sinai gypsum 12±0.42 0.2±0.1 96±7.6 

11 Kawmya gypsum 7±0.24 2±0.7 79±6.3 

12 Alaamerya  Gypsum  6±0.20 2±0.8 112±8.9 

13 Helwan gypsu 6±0.22 0.2±0.1 66±5.2 
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Figure 3.  Distribution of 226Ra, 232Th and 40K in different type  of Egyptian  cement and Gypsum 
 

 
Table 2.  Comparison of specific gamma activities (Bq·kg−1) of Egyptian cement and gypsum 

samples with that of other countries of the world 
 

Country  226Ra 
(Bq·kg−1)  

232Th  
(Bq·kg−1)  

40K  
(Bq·kg−1)  

Reference  

Australia  51.8  48.1  114.7  21  

Austria  26.7  14.2  210  22  

Bangladesh  61  80  1133  23 

Brazil  61.7  58.5  564  24 

Finland  40.2  19.9  251  25 

China  51.7  32  207.7  26 

Norway  29.6  18.5  259  27 

UNSCEAR 50 50 500 20 

Egypt  26±0.92 6±2 92±7 Present work 

 
 

14 Alex. Bord gypsum 7±0.26 1±0.2 62±4.9 

15 Alex. Expris gypsum 5±0.19 0.4±0.03 80±6.3 

Max 63±2.30 13±4 161±13 

 Min 5±0.2 0.2±0.03 55±4 
 Average 26±0.92 6±2 92±7 
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In table 3 we can see that the absorbed dose rates were found in the range from 5.66 to 43.6 

nGy h-1 which is less than 80 nGy h-1, as given in relation (2).  
 

Table 3. The absorbed dose rate in the air (nGy h-1), Radium Equivalent (Rae) and the external and 
internal hazard indices 

 
No. of 
sample 

Type of sample Dose Rate 
(nGy/h) 

Dair 

Radium 
Equivalent ( 

Raeq) 

Hazard Index 

Extarnal 
(Hex) 

 

Enternal  
(Hin) 

Cement 

1 Assiut 2013 43.60 93.64 0.25 0.42 
2 Assiut 2014 29.04 63.00 0.17 0.28 
3 alnahda2013 35.29 76.92 0.21 0.35 
4 alnahda2014 37.60 80.94 0.22 0.36 
5 Qena 39.57 85.42 0.23 0.39 
6 Kawmya 22.20 47.67 0.13 0.20 

White Cement 

7 whait sinai cement 19.18 41.10 0.11 0.18 
8 whait alnahda cement 6.89 14.44 0.04 0.06 
9 whait helwan cement 11.85 25.48 0.07 0.11 

Gypsum 

10 Sinai gypsum 9.57 19.40 0.05 0.08 
11 Kawmya gypsum 7.82 16.10 0.04 0.06 
12 Alaamerya  Gypsum  8.77 17.74 0.05 0.06 
13 Helwan gypsu 5.66 11.36 0.03 0.05 
14 Alex. Bord gypsum 6.38 13.01 0.04 0.06 
15 Alex. Expris gypsum 5.97 11.87 0.03 0.05 
Max 43.60 93.64 0.25 0.43 
Min 5.66 11.36 0.03 0.04 
Average 19.29 41.21 0.11 0.18 

 
Table 4 lists the radium content in Bqkg-1, mass exhalation rate and area exhalation rate in 

different  cement and Gypsum samples, The radium content ranged from 14.21 to 58.0 Bqkg-1, and 
from 0.95 to 3.88 Bqkg-1h-1 for mass exhalation rate, and from 0.11 to 0.44 Bqm-2h-1 for area 
exhalation rate. The mean values were 24.77 Bqkg-1 for radium content, 1.66 Bqkg-1h-1 for mass 
exhalation rate and 0.19 Bqm-2h-1 for area exhalation rate.  
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Table 4. Mass exhalation rates (Bq.kg-1 h-1 Area exhalation rates (Bq.m-2 h-1 ) and  radium content 
for Egyptian cement and gypsum 

Type of Sample  
  

Radon concentration  
Bqm-3 

Radium content 
Bqkg-1 

 

Radon exhalation rate   

Mass   
(Bq.kg-1 h-1 )  

Area   
(Bq.m-2 h-1 ) 

     Assiut 2013 17.75±2.46 22.24 1.49 0.17 

Assiut 2014 15.02±2.63 16.49 1.10 0.12 

alnahda2013 33.35±2.84 55.97 3.74 0.42 

alnahda2014 34.30±4.54 58.00 3.88 0.44 

Qena 21.27±3.07 30.00 2.01 0.23 

Kawmya 16.25±2.58 19.15 1.28 0.14 

whait sinai cement 14.85±2.47 16.13 1.08 0.12 

whait alnahda cement 16.02±2.22 18.57 1.24 0.14 

whait helwan cement 14.54±2.79 15.41 1.03 0.12 

Sinai gypsum 20.01±3.19 27.34 1.83 0.21 

Kawmya gypsum 18.53±2.23 23.92 1.60 0.18 

Alaamerya  Gypsum  17.21±2.85 21.20 1.42 0.16 

Helwan gypsu 16.00±1.31 18.54 1.24 0.14 

Alex. Bord gypsum 13.98±2.23 14.21 0.95 0.11 

Alex. Expris gypsum 14.05±2.56 14.33 0.96 0.11 

Max, 34.30±4.54 58.00 3.88 0.44 

Min, 13.98±1.31 14.21 0.95 0.11 

average 18.88±2.66 24.77 1.66 0.19 
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