
Vol. 8 No.3 Scientific . 2010Journal of Kerbala University ,  
 

 542 

 

 

An investigation on the natural radioactivity of Th
232

 , Ra
226

 

and K
40

 in some samples of raw building materials in 

Governorate of Karbala. 

Thاختبار النشاط الإشعاعي الطبيعي لـ  
232

  ,Ra
226

  ,K
40

في بعض نماذج خام  

 مواد البناء في محافظة كربلاء.
 

 

Hassan Issa Dawood 

Physical Department-College of Education-Qadisiya University 
 

 

Abstract: 
The study of the radiation hazards from raw building materials were performed in the present 

work. The measurements of the natural radioactivity of Th
232

 ,Ra
226

 and K
40

 were verified for 

some Karbala raw building materials(sand , cement , gypsum and thermiston powder) to assess 

any possible radiological hazard due to their use. The measurements were done by gamma-ray 

spectroscopy using Hyper-Pure Germanium (HPGe) detector. The results were found to vary 

from (18.88±4.34 to 54.33±7.37 , 13.085±3.617 to 82.80±9.09 and 14.185±3.766 to 

140.523±11.854)Bq/Kg for Th
232

 ,Ra
226

 and K
40

  respectively. The concentrations of these 

radionuclides are compared with the available data from other countries. The measured activity 

concentration of Th
232

 , Ra
226

 and K
40

 in raw building materials is higher than the world average 

except the activity of K
40

 show lower than the available data previously. Radium equivalent 

activities(Req) are calculated for the analyzed samples to assess the radiation hazard arising due 

to the use of these raw building materials samples in the construction of dwellings. All the raw 

materials have radium equivalent activities lower than the limit  (370)Bq/Kg. As well as 

calculated values of external radiation doses in air are also lower than the world average of about 

0.5 mSv per year. 

 الخلاصة:
 

Thدساسح يخاطش الإشؼاع انُاخًح يٍ خاو يىاد انثُاء أخشيد في هزا انؼًم انحاني. ذى قياس انُشاط الإشؼاػي نهـ 
232

  ,

Ra
226

  ,K
40 

نثؼض ًَارج خاو يىاد انثُاء في يحافظح كشتلاء )سيم , سًُد , خص , تاودس انثشيسرىٌ ( نردُة أيح احرًانيح  

وخىد يخاطش إشؼاع تايىنىخيح َريدح اسرؼًال هزِ انًىاد. ذًد انقياساخ تاسرؼًال كاشف يطياف أشؼح كايا ػاني انُقاوج ) 

HPGe إنى  3.617±13.085,ويٍ  7.37±54.33إنى  4.34±18.88وذ )يٍ (. ووخذخ يٍ خلال َرائح انقياس أَها ذرشا

Thنكم يٍ  Bq/Kg(   11.854±140.523إنى  3.766±14.185, ويٍ  82.80±9.09
232

  ,Ra
226

Kو  
40

وػهى انرىاني.  

إٌ ذشاكيز هزِ  ذشاكيز انُشاط الإشؼاػي نهزِ انُىيذاخ انًشؼح ذًد يقاسَرها يغ انُرائح انًرىفشج نثقيح انذول. ثثرد انُرائح

Thانُىيذاخ ) 
232

  ,Ra
226

  ,K
40

( في خاو يىاد انثُاء هي أػهى يٍ يؼذلاخ انقيى انؼانًيح ياػذا ذشكيز انُشاط الإشؼاػي نهـ  

(K
40

( نهزِ انًُارج انًخراسج نرلاشي  Req( هي أدَى يٍ انقيى انًرىفشج ساتقا. ذى حساب انُشاط الإشؼاػي نًكافئ انشاديىو ) 

خطىسج الإشؼاع انُاخًح يٍ ًَارج خاو يىاد انثُاء هزِ وانًسرخذيح في تُاء انًساكٍ. خًيغ خاو يىاد انثُاء في هزا انثحث نها 

يح . إضافح إنى رنك ذى حساب يؼذل خشع الإشؼاع انخاسخ Bq/Kg(  370َشاط يكافئ انشاديىو وأَها دوٌ انحذ انًسًىذ تها )

 في انسُح. msv(  0.5انًرؼشضح نها في انهىاء ووخذخ أَها دوٌ انحذ )

 

Introduction: 
The most abundant sources of external and internal radiation exposure in homes are gamma 

rays ,emitted by members of the  uranium (U
238

)  and thorium (Th
232

) decay chains as well as the   

Potassium (K
40

) , which are exhaled by building materials. Knowledge of the radioactivity present 

in building materials enables one to assess any possible radiological hazard caused by the use of 

such materials. The study has been satisfied in most countries [1,2,3,4].                                              
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The natural radioisotopes are present at different content. The concentration of natural 

isotopes is common in our building materials and homes [5,6]. All building materials 

contain various amounts of natural radioactivity nuclides. Materials derived from cement , 

sand , gypsum and powder of thermiston contain mainly natural radioisotopes of the 

uranium (U
238

) , thorium (Th
232

) and the radioisotope of potassium (K
40

) [7,8].                                                                       

                                                                          

The question of radioactivity in raw building materials is of the particular interest , as it has 

become clear that the use of certain raw building material components can result in significant 

increase of the radioactive burden for a large number of persons. Building materials contribute to 

environmental radioactivity in two way: firstly by gamma radiation , mainly K
40

 , Ra
226

 and Th
232

 to 

a whole human body ( external exposure) and the second by releasing the invisible odourless  radon 

gas, the radioactive daughters of which are deposited in the human respiratory tract (internal 

exposure) [9,10,11].                                                                                                                                

                                                                          

The study in the present work performed to measure the natural radioactivity of Th
232

 , Ra
226

 

and K
40

 in some samples of raw building materials (sand , cement , gypsum and thermiston powder) 

by high purity germanium detector (HPGe).                                                                                          

                                                                                            

Preparation of samples for  γ-spectrometry: 
A total of 10 samples were collected from different regions of Governorate of Karbala: three 

samples of sand from Al-hur , Al-akhaither and Karbala center , two cement samples from factory 

of cement in Karbala (Ain Al-tamer) , three gypsum samples and two samples of thermiston 

powder. The samples were ground into a fine powder with a particle size less than 1mm. The 

samples were then dried in a temperature-controlled furnace at 100C° for 24 hour to remove the 

moisture. After moisture removal , these samples were cooled in a moisture-free atmosphere. Each 

sample was then filled into cylindrical plastic containers and hermetically sealed.                                                                                                                                                

                                                                                                                                                             

Measurement system: 
After preparation the samples of raw building materials , each sample was measured the activity 

concentration by Germanium spectrometer with highest resolution (HPGe) that manufactured by 

Telnnelec company in U.S.A , with size of crystallized (2.9)cm
3
 , diameter (63)mm and hight 

(67)mm as shown in Fig(1).It working at (2100) volt with the efficiency of 40%. The viability of 

discrimination detector of energy (1.75) Kev at energy (1.332) Mev that returns to (CO
60

). The 

detector externally surrounded by lead shield to prevent the background radiation and internally 

surrounded with thin layer of (Cu) and (Ca) to attenuation the x-ray radiation. The detector was 

cooled to temperature of  77K° by nitrogen liquid.                                                                                
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                          Fig(1) HPGe system for the counting of radionuclides 

     

 

Method of calculation: 
The activity concentration (in Bq kg−1), AEi, of a radionuclide( i ) and for a peak at energy E, 

is given by [12]: 

 

AEi = CEi /ceff · γ ·m · t - - - - - - - - - - - - - - - - - - - - - -   (1) 

 

Where 

 CEi: is the net area of a peak at energy E in (Bq/Kg). 

 Ceff: is the detection efficiency at energy E. 

 t       :  is the counting time in (sec). 

 γ      : is the number of gammas per disintegration of the radionuclide i for a transition at energy 

           E. 

 m    : is the mass in (kg) of the measured sample.  

If there is more than one peak in the energy analysis range for a nuclide, then an attempt to average 

the peak activities is made. 

 

Radium equivalent activity; The radiation hazards associated with the radionuclides are estimated 

by calculating the radium equivalent activity (Raeq). It is a weighted sum of activities of Ra
226

, 

Th
232

, and K
40

; and it is based on the assumption that 370 Bq.kg−1 of Ra
226

, 259 Bq.kg−1 of Th
232

, 

and 4810 Bq.kg−1 of K
40

 produce the same gamma radiation dose rate [13,14]. To avoid radiation 

hazards, materials whose Raeq is greater than 370 Bq kg−1 should not be used. Raeq is defined by 

the following formula [15]: 
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Raeq = ARa+ 1.43ATh+ 0.077AK ---------------------------(2) 

where ARa, ATh, and AK are the activity concentrations of Ra
226

, Th
232

, and K
40

, respectively. 

 

Air absorbed gamma radiation dose rate; Effects of gamma radiation are normally expressed in 

terms of the absorbed dose rate in air, which originate from radioactive sources (raw building 

materials). The activity concentrations in these raw materials of building correspond to the total 

absorbed dose rate in air above the ground level. The absorbed dose rate in air (D) for the 

population living in the studied area is calculated using the following equation [13,14]: 

 

D = (FRa ·ARa+ FTh ·ATh+ FK ·AK)×10
−6

-------------------(3) 

 

where D is the absorbed dose rate in air (nGy h
−1

). FRa, FTh, and FK are the dose conversion 

factors for Ra
226

, Th
232

, and K,
40

 respectively. They are taken as 4.27, 6.62, and 0.43 for Ra,
226

 

Th
232

, and K
40

, respectively as assessed by [16]. 

 

Result and discussion: 
In this study, 10 samples of  raw building materials were measured for the natural radionuclides 

(Th
232

, Ra
226

 and K
40

) they contain. The activity concentrations of these three radionucliedes were 

calculated as shown in table (1) using the formula proposed by [12] to compare the overall 

biological damage. The mean activity concentrations of  Th
232

 , Ra
226

 and K
40

 were calculated in all 

samples that collected from Governorate of Karbala as reported in table (2). Table (3) represent the 

comparison of the mean values of activity concentrations of these three radionuclides in raw 

building materials sand and cement with the available data that reported previously, It is cleared 

from this table the measured values of all activities in the present study higher than the world 

average except the activity of K
40

 in sample of cement within the permitted limits. Later, radium 

equivalent activities (Req) and the Air absorbed gamma radiation dose rate (D) were calculated 

using the formula by [13,14,15] as pointed in table (4), from the data of external radiation doses 

were calculated in this table are found lower than the world average (0.5 msv/year). Table (5) 

verified the  Comparison of  the mean radium equivalent in (Bq/Kg) of  raw building materials(sand 

and cement) of the present work with the average data exist in the other countries and it is clear 

from this table that the Req of this study in the acceptable range. 

 

  

Conclusions: The present study has been carried out to establish baseline data regarding 

concentration levels of naturally occurring radionuclides of Th
232

, Ra
226

 and K
40

 in raw building 

materials and the corresponding radiation doses in Governorate of Karbala. Measured mean activity 

concentrations of the 3 radionuclides are found to be higher than the world’s average values. 

Calculated values of external radiation doses are lower than the world average of about 0.5 mSv per 

year. To estimate the potential radiological health risk in raw materials, the dose rate associated 

with Cs
137

 in raw building materials studied should be investigated as well. However, the data 

generated here may be useful for the introduction of radiation safety standards by the authorized 

organizations for the protection of general population from radiation hazards owing to terrestrial 

sources. 

 

 

   

 

 

 

 

 



Vol. 8 No.3 Scientific . 2010Journal of Kerbala University ,  
 

 542 

 

Table (1):The activity concentrations of Th
232

 , Ra
226

 and
 
K

40
  in Bq/Kg . 

            K
40

  

 

           Ra
226

          Th
232

 Samples and locations 

   140.523±11.854     13.085±3.617 41.206±6.419 Sand of Al-hur 

   14.185±3.766     24.25±4.924 38.933±6.239 Sand of Imam Ali 

   24.321±4.931     50.357±7.096 54.337±7.371 Sand of Al-akhaither 

   82.413±9.078     82.80±9.09 46.138±6.792 Cement of Karbala (1) 

   65.112±5.061     69.09±5.112 33.212±2.391 Cement of Karbala (2) 

   64.239±8.014          ------- 18.88±4.345 Thermiston powder(1) 

   51.278±3.331           -------          19.120±3.109 Thermiston powder(2) 

   122.044±11.047     39.927±6.318 45.401±6.738 Gypsum of Imam Ali (1) 

   119.921±5.013     41.213±2.076 33.019±2.172 Gypsum of Aon (2)  

   117.022±3.129     32.019±1.911 39.127±3.071 Gypsum of Al-hur (3)   

 
      

Table (2):Means and ranges of the activity concentrations for radionuclide's in (Bq/Kg) 

                Range value   

 

              Mean value   Radioisotopes 

             18.880 → 54.337                   36.937            Th
232 

             13.085 → 82.80                     44.092            Ra
226

 

             14.185 → 140.523                   80.105            K
40

 

 
      

Table(3) Comparison the mean values of  activity concentrations of Th
232

 , Ra
226

 and K
40

  

in(Bq/Kg) for raw building materials (sand and cement) with the corresponding values reported 

previously. 

          Reference   

    
 

          K
40

      Ra
226

      Th
232

 Type of material 

     Present work 59.676±6.85 29.23±5.21 44.82±6.67        

       Sand 

 
            [17] 47.3±9.0 9.2±2.5 3.3±1.3 

            [18] 

 

54.52±6.64 9.26±3.28 2.91±0.1 

     Present work 73.76±7.06 75.94±7.1 39.67±4.59  

     Cement             [19] 178.6±15 37.6±6.0 11.8±3.0 

            [17] 48.6±4.0 31.3±3.6 11.1±1.1 

            [18] 68.76±8.29 22.51±3.23 3.99±1.02 

 
     

Table (4):The radium equivalent activity (Req) and the Air absorbed gamma radiation dose rate (D)  . 

       D in (nGy h
−1

 )         Req in (Bq/Kg)  Samples and locations 

 

       0.000389               82.829 Sand of Al-hur 

       0.000367               81.016 Sand of Imam Ali 

       0.000585               129.931 Sand of Al-akhaither 

       0.000694               155.123 Cement of Karbala (1) 

       0.000542               121.596 Cement of Karbala (2) 

       0.000152               31.944 Thermiston powder (1) 

       0.000148               31.290 Thermiston powder (2) 

       0.000523               114.247 Gypsum of Imam Ali (1)  

       0.000446               97.664 Gypsum of Aon (2)  

       0.000446               96.981 Gypsum of Al-hur (3)  
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Table (5): Comparison the mean radium equivalent in (Bq/Kg) of sand and cement with the average 

data in the worlds 

Countries        Mean Req of sand        Mean Req of cement     References 

 

Iraq(Karbala)                   97.92                138.359 Present work 

Germany                    118                123        [20] 

Bangladesh                    592                348        [21] 

Malaysia                   152                181        [22] 

Spain                   59                137        [23] 

USSR                   70                126        [20] 

Australia                   70                130        [24] 
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