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Abstract 

   In the present work, radium (
226

Ra), thorium (
232

Th), potassium
 
(

40
 K), and 

cesium (
137

Cs) (Bq/kg) was measured for 24 soil samples of some districts of 

Al-Doura city in Baghdad governorate. The gamma spectrometry method with 

NaI (Tl) detector was used for radiometric measurements. The average values 

of specific activity for   
226

Ra, 
232

Th, 
40

K and 
137

Cs in soil samples were 38.03, 

42.48, 16.34 and 2.76 Bq/kg, respectively. The radiation indicators were 

measured and the average values recorded were 100 Bq/kg, 44.6 nGy/h, 0.27 

Bq/kg, 0.373 Bq/kg, 0.219 mSv/y, 0.055 mSv/y and 0.689 Bq/kg for the 

parameters of radium equivalent activity (Raeq), the absorbed dose rate (D), the 

external hazard index (Hex), the internal risk index (Hin), and the annual 

effective equivalent dose for the indoor (In Eff.), outdoor annual effective dose 

equivalent (Out Eff.) and representative gamma index (Iγr), respectively. All the 

health hazard indices were well below their recommended limits, except in one 

soil sampling site (AL-Eskan site) which were found to be 0.495 Hex and 0.668 

Hin.  

 

Keywords:  Natural radioactivity, activity concentration, hazardous indices, 

NaI (Tl) Detector.  

 

في عينات التربة لبعض   731-قياس النذاط النوعي للمواد المذعة الظبيعية و الديزيوم 
بمحافظة بغداد الدورةالمناطق في مدينة   
 

 كريمة صبر وادي ،سلا سامي حمزه, فرح فارس قدوري*, باسم خلف رجه

 العخاق، بغجاد، جامعة بغجاد، كمية العمهم لمبنات، الفيدياء
 

 لخلاصةا
 44-والبهتاسيهم  232-والثهريهم  222- العمل الحالي تم قياس تخكيد نذاط معين لمخاديهمفي      

تم  .في محافظة بغجاد  الجورةعينة تخبة في بعض مناطق  24في بيكخيل/كغم في  731-والديديهم 
متهسط قيمة الخاديهم  .لمقياسات الاشعاعية  Nal(Tl)استخجام طخيقه قياس طيف جاما باستخجام كاشف 

لتخكيد نذاط معين في عينات التخبة هه  731-والديديهم  44-والبهتاسيهم  232-والثهريهم  222 -
بيكخل/كغم عمى التهالي حيث تم قياس مؤشخات الاشعاع لعينات  2.76و  16.34و 42.48و  38.03
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 44.6يكخل/كغم و ب 100من التخبة وكانت متهسط القيم الهاردة هي من عينات التخبة هي 
ممي  0.055ممي سيفخت/سنة و0.219بيكخيل /كغم و   0.373بيكخيل/كغم و  0.27نانهكخي/ساعه و 

  (D)الممترة الجخعةو معجل   Raeqبيكخيل /كغم كنذاط مكافئ لمخاديهم  0.689  سيفخت/سنة
فعالة المكافئة و الجخعة الدنهية ال Hinو مؤشخ المخاطخ الجاخمية  Hexومؤشخ المخاطخ الخارجية 

عمى  IYrو مؤشخ جاما التمثيمي  Out Effو الجخعة الفعالة الدنهية الخارجية المكافئة   In Effلمجاخل
جميع مؤشخات المخاطخ الرحية اقل بكثيخ من الحجود المهصي بها باستثناء مهاقع اخح  .التهالي 

 . 0.668Hinو  Hex 0.495 عينات التخبة التي تم العثهر عميها في منظقة الاسكان 
Introduction 
      Terrestrial background radiation is a gamma radiation emitted from naturally occurring 

radioactive materials (NORMs) like uranium-238 (
238

U), thorium-232 (
232

Th),  

and potassium-40 (
40

K), which is the major external source for irradiation of the human body [1, 

2]. In addition, humanity may be exposed to radiation from other sources called synthetic 

radioactive sources such as cesium137 (
137

Cs) in the Earth's environment that may result from 

nuclear weapon tests or the nuclear effects of nuclear technology [3]. the presence of naturally 

occurring radioactive materials (NORMs) in the soil mostly arose from crumbling rocks that are 

transported by rain and flows into the soil. The contrast in the background of ground radiation 

zones is influenced by geological features, locations, elevation, and geochemical influences [4, 5]. 

Therefore, it was found that the activity for radionuclide in granite positions is higher than that 

found in mud, sandstone and travertine soil [6, 7]. So that, measurements of natural radioactivity 

in soil provides us with knowledge of the levels of radionuclide activity in the environment and 

important information about environmental radioactivity monitoring [8]. Over the last two 

decades, it has been conceded that the existing of NORMs in the environment with a specific 

activity concentration higher than the reference radioactivity levels established by the United 

Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) will pose a risk to 

living creatures [9]. Radiation survey is important for every country in order to build a basic 

database of radiation levels for environmental purposes, as well as to know future changes in the 

level of radiation for one reason or another. Externally, natural radioactive elements represent a 

hazard of exposure due to their gamma-ray releases, while inside, radon and its progeny release 

alpha particles, posing a risk of exposure [10]. This research was dedicated to determine the 

activity levels of the natural radionuclides (238 U, 232 Th, 40 K) and radionuclides of the 

substance (137 cc) present in soil samples collected from different districts. These data are 

fundamental for the establishment of baseline values for radionuclides in the soil samples of Al-

Doura region. In addition, the research is aiming to estimate a collection of health indicators of 

the presence of risk, such as radium equivalent activity, absorbed dose rate index, external and 

internal risk indicators, representative range index, as well as gamma radiation dose rate using a 

gamma spectrophotometer and a NaI (Tl) detector. 

Materials and Methods 

 This study was conducted on soil samples taken from some districts (AL-Mahdia1, AL-Mahdia2, 

AL-Eskan, AL-Moalimen, AL-Wadi, AL-Tuama, AL-Shurta, AboTayra and AL-Jameaa) in Al-

Doura region in Baghdad Governorate, as shown in Figure-1.  
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Figure 1-Map of the studied area. 

 

      The soil samples (1 kg each) were taken from a depth of 30 cm, with three samples from each 

district.  These samples were milled, dried, crushed, and sieved by 2- A mm net. All sample 

containers were tightly closed, and the samples were stored for 28 days before counting, which 

allows to establish a secular balance between 238U and 232Th, which have long half-life values, 

and the decomposing products. To determine the radioactivity of a particular element, the samples 

were tested with a 3x3 NaI (Tl) detector with Canberra Inc circuits and its spectrum was stored in 

a PC-based multichannel analyzer (MCA) [11]. The sensor was shielded by a 100 mm thick lead 

castle in this experiment. Because to its high densities and huge atomic size, it forms an excellent 

protective material. Radiological measurements were performed in order to qualitatively and 

quantitatively determine the radionuclides present in the soil. The specific activity of the sample 

is the activity per unit mass Bq/kg. Since the NaI (Tl) detector has poor efficiency in energy 

analysis, the daughter radionuclide was chosen to determine the radioactivity of a specific activity 

of two chains of 238U and 232Th. A nuclide 226Ra was chosen to denote the radioactivity of a 

chain of 238U, which contains the radioisotope 214Pb (352 kV). Moreover, a series of 
232

Th was 

determined through the radioactive isotopes of 
212

Pb (238.6 keV) and 
228

Ac (911.1 keV) .  With 

regard to 
40

K (1460.8 keV), it could be detected directly by the detector, which was also the case 

for 
137

Cs (661.60 keV) [12]. In this study, the specific activity for each sample was calculated 

from the following equation [13, 14]: 

   
       

 
, where A is the activity and m is the mass of the sample. 

The activity values in the samples were obtained using the following equation [15]: 

           
 

       
 

      where the activity of radionuclides is expressed in Bq/kg, C is the net area under the curve 

(count), m is the mass of the sample (kg), I is the intensity, ε is the absolute efficiency at energy 

E, and t is the measuring time (sec.). 
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Radiation Hazard Indices 

     In recent studies, different analyses for   radiation health risk indicators have been used to 

reach accurate results and support safety measures with regard to the health status of people and 

the environment [16]. 

1. Radium Equivalent Activity (Raeq) 

The radium equivalent activity is a balanced average of the activities of the radioisotopes 

indicated previously, and is predicated on the assumption of 1Bq/kg of 226Ra, 0.7 Bq/kg of 

232Th, and 13 Bq/kg of 40K have about the equivalent dose of radiation levels. The radium 

equivalents activity level (REAI) is calculated as follows: 

    (
  

  ⁄ )       (        )  (                                    ( ) 

where the elements ARa, ATh, and AK represent the specific radioactivity of 
226

Ra, 
232

Th and 
40

K 

[16, 17].  

2. External Hazard Index (Hex) 

The principal primordial radionuclides of activities of the natural radionuclides are 
226

Ra, 
232

Th 

and 
40

K that produce significant human exposure, as given in eq. 2 [17]. 
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3. Internal Hazard Index (Hin( 
The internal risk indicator is found as follows: 
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4. Representative Gamma Index (Iγr) 

The gamma index has been employed to assess the γ- radiation hazard associated with physical 

radionuclides. The representative gamma index is given in eq. 4 [16]: 

     
   
   

 
   
   

 
  
    

                                                                         ( ) 

5. The absorbed gamma dose rate 
By using conversion factors, the rate of absorbed gamma dose (D) in air is calculated per unit 

specific activity (in 1Bq /kg), as follows: 

 (
   

 
)  [                              ]                          ( ) 

where: ARa, ATh, AK are the radioactivity values of 
226

Ra, 
232

Th, and 
40

K, respectively [13, 17]. 

6. Equivalent annual effective dose 

The conversion factors from average absorbed dose in air to effective dose (0.7 Sv Gy-1), 

external occupancy factor (0.2), and internal occupancy factor (0.8) [17] were used. The 

equivalent effective dose rate, in units of millisievert per year, is calculated from the following 

equations: 
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Results and Discussion 

The specific activity (Bq/m3) of 226Ra, 228Ac (a series of 232Th through a radioactive isotope 

212Pb; 238.6 keV), and 228Ac (911.1 keV, 40 K) were identified. The specific activity values of 

137 scores in all sites are listed in Table-1. 

 

Table 1 -The specific activity of 
226

Ra, 
228

Ac, 
40

K.  and 
137

Cs (Bq/m
3
) in all locations. 

Locations 
226

Ra 

 (Bq /kg) 

228
Ac 

(B q/kg) 

40
K 

 (B q/kg) 

137
Cs  

(Bq/kg) 

AL-Mahdia 1 38.50 45.20 15.76 1.05 

AL-Mahdia 2 54.60 68.08 11.45 2.40 

AL-Eskan 64.03 82.07 22.10 3.02 
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AL-Moalimen 26.54 56.70 7.60 3.41 

AL-Wadi 61.10 6.40 26.01 0.50 

AL-Tuama 8.88 30.30 31.60 4.44 

AL-Shurta 49.90 51.60 6.02 5.06 

AboTayra 14.06 22.90 23.30 2.03 

AL-Jameaa 24.70 19.03 3.25 2.90 

Average 38.03 42.48 16.34 2.76 

 

From this table, it can be observed that the average value for the activity of 
137

Cs in all locations 

was   2.76 Bq/kg. The highest value of specific activity was 5.06 Bq/kg in AL-Tuama district. 

The lowest value of specific activity was 0.50 Bq/kg in AL-Wadi district. Figure-2 explains the 

relationship between specific activity values for 
137

Cs in all locations studied. 

Moreover, the average values of the specific activity for 
226

Ra, 
228

Ac and 
40

K in all locations 

studied were 38.03, 42.48 and 16.34 Bq/kg, respectively. The highest values of specific activity 

for 
226

Ra and 
228

Ac were 64.03 and 82.07 Bq/kg, respectively, in AL-Eskan district, while for 
40

K 

the highest value was 23.30 Bq/kg in AboTayra district. The lowest values of specific activity for 
226

Ra was 8.88 Bq/kg in AL-Tuama district, while for 
228

Ac it was 6.40 Bq/kg in AL-Wadi 

district, and for 
40

K it was 3.25 Bq/kg in AL-Jameaa district. The results obtained showed that the 

specific activity values of 238U (226Ra), 228Ac (232Th) and 40K in all soil samples were below 

the recommended limits from UNSCEAR 2017, which are 35, 30 and 400 Bq.kg
–1

, respectively 

[18]. 

The results of the calculations of radiation hazard indices are listed in Table-2. The radiation 

indices had maximum values in AL-Eskan district samples, which showed H-external and H-

internal values of   1. This indicates higher pollution in the region which is very crowded with 

inhabitants are dealing with oil derivatives in abundance. The minimum value of radiation hazard 

indices was recorded in samples from AboTayra district because it is an open area with 

agricultural areas and gardens.  

 

Table 2- Results of Radiological indices in soil samples of  Al-Doura region   

Location Raeq 
D 

(nGy/h) 

H-

external 

H-

internal 

In Eff 

(mSv/y) 

out Eff 

(mSv/y) 
Iγr 

AL-Mahdia 1 104.3 46.5 0.282 0.386 0.228 0.057 0.719 

AL-Mahdia 2 152.8 68.0 0.413 0.560 0.333 0.083 1.052 

AL-Eskan 183.1 81.5 0.495 0.668 0.400 0.100 1.262 

AL-Moalimen 108.2 47.8 0.292 0.364 0.234 0.059 0.749 

AL-Wadi 72.3 33.3 0.195 0.360 0.163 0.041 0.489 

AL-Tuama 54.6 24.2 0.148 0.172 0.119 0.030 0.383 

AL-Shurta 124.2 55.3 0.335 0.470 0.272 0.068 0.853 

AboTayra 48.6 21.7 0.131 0.169 0.106 0.027 0.338 

AL-Jameaa 52.2 23.4 0.141 0.208 0.115 0.029 0.357 

Average 100.0 44.6 0.270 0.373 0.219 0.055 0.689 

 

The results of Radium Equivalent Activity (Raeq) in all locations are explained in Figure-3. This 

activity, as well as the representative gamma index (Iγr), was found at all sites, which are 

considered as a function of the rate of the absorbed gamma dose (Figure- 4). From the figure, one 

can obtain the following relationships:  
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In Figure- 5, the results of indoor and outdoor effective dose equivalent rate (mSv/y) as a function 

of the absorbed gamma dose rate are demonstrated for all locations. From this figure, one can 

obtain the following relationships: 
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Figure 2-Specific activity for 
137

Cs in all 

locations. 

Figure 3-Radium Equivalent Activity 

(Raeq) in all locations. 

 

Figure 4-The activity of radium equivalent (Raeq) and the representative gamma 

index (Iγr) at all sites, as a function of the rate of the absorbed gamma dose. 
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Figure 5-Indoor and outdoor effective dose equivalent rate (mSv/y) in all locations as a function 

of the absorbed gamma dose rate. 

Conclusions 

      The levels of radioactivity and the values of the radiation hazard indices for soil samples in 

some districts of Al-Doura city in Baghdad governorate were studied in this research. The 

average values of the specific activity of 
226

Ra, 
228

Ac, 
40

K and 
137

Cs in all locations were 38.03, 

42.48, 16.34 and 2.76 Bq/kg respectively, which were found to be lower than the permissible 

limits, reflecting no pollution in the study area. The average R aeq value was 100 Becquerel / kg 

(within a range of 48.6 to 183.1 Bq/kg), which is lower than the recommended maximum level of 

radium equivalent in soil (370 Bq/kg). The radiation indices had maximum values in AL-Eskan 

district samples, which showed H-external and H-internal values of > 1, which could indicate 

higher pollution in the region. The minimum value of radiation hazard indices was recorded in 

AboTayra district samples. This study established baseline information on the natural 

radioactivity and 
137

Cs status of Al-Doura region in Baghdad governorate, which will serve as a 

reference for future studies. 
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