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ABSTRACT 

Soil is one of the most significant natural sources of ionizing radiation to which humans are exposed, as natural 

radionuclides (such as uranium-238 nuclear series and thorium-232) are present in soil which affects human health 

by one way or another. Therefore, this study aimed to studied the natural radioactivity of 238U, 232Th, and 40K in 

ten sites of Bahr Al-Najaf reservoir-Iraq sediments, to determine the concentration of 238U, 232Th, and 40K in using 

NaI(Tl) 3"×3" system. The results showed that the radioactivity of 40K ranged between (428±4.83 - 309±4.1) 

Bq/Kg, 238U ranged between (8.45±0.36 - 3.7±0.24) Bq/Kg, 232Th ranged between (4.61±0.26 - 0.01±0.002) 

Bq/Kg, and Radium equivalent ranged between (39.62±0.71 - 30.2±0.6) Bq/Kg. The Absorbed dose rate in air 

ranged between (20.892±0.354 - 16.000±0.300) nGy.h-1. By comparing the experimental results with the globally 

standard, results found that effectiveness of radiation concentrations of the samples studied within the globally 

range. 
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INTRODUCTION 

Bahr Al-Najaf is located at the western edge of the holy city of Najaf and overlooks its plateau, and its basin 

extends towards an area of about 750 km2 and the height of its lowest point is 11 m above sea level. As geological 

view, it is floor covered with modern sediments that reach a thickness of about 38m with sedimentary rocks 

surrounding it from different edges [1]. Radioactive contamination is one of the most harmful forms of physical 

pollution, which means that radioactive contaminants are leaked into one of the elements of the environment (e.g. 

water, soil, air etc.). Radioactive materials are classified into two major categories of materials, the 1st is wave-

like (electromagnetic radiation such as gamma rays and x-rays that are common in research applications, and this 

type of radioactive material has a high potential to penetrate body tissues for a long distance, while the 2nd is 

radiation with particle nature, such as alpha and beta rays. This type of radioactive material has a lower potential 

to enter the human body than the first type, but inhaling dust which containing alpha or beta rays could cause 

significant harm to the cells that absorb it. Radiation is one of the most harmful forms of environmental pollutants, 

and when toxic contaminants enter the body's cells, they cause noticeable and unseen harm that also destroys 

human life [2]. 

Radioactive emissions may occur from natural sources, such as outer space rays and radioactive gasses from the 

earth's crust. Radioactive particles do not have colors, smells, and feel, and they could easily reach, move and 

penetrate the living bodies without any opposition, without any evidence of their existence, and without leaving 

any trace in workers related to nuclear power stations, nuclear reactors and radioisotopes, agriculture or medicine. 

As a result, the chances of nuclear pollution are getting worse over time. Mehra et al [3] measured the efficacy 
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concentration of natural radionuclides, namely radium (226 Ra), thorium (232Th), and potassium (40K) for soil 

samples which collected from different sites in India using a high-purity germanium (HPGe) detector, the results 

indicate that the concentration of thorium was higher than the  international limitation of the United Nations 

Committee of scientific effects of atomic radiation, the concentration of radium was very close, and the potassium 

was less than those global figures.  

Mehra [4] also studied the radiological hazards of the population in soil samples from western Haryana in India 

by determining the concentration of natural radionuclides using the nuclear trace detector (LR-115), he was found 

that the concentrations of radium 226 Ra, thorium 232Th and potassium 40 K were change from 13.37 - 24.67 Bq/m3, 

34.67 - 67.34 Bq/m3, and 298.78 - 405.67 Bq/m3 respectively. The results showed that the concentration of thorium 
232Th in soil was higher than the global values mentioned by United Nations Scientific Committee on the effects 

of atomic radiation. He was also found that the concentration of potassium 40 K was very close to those of global 

values, while the concentration of radium 226Ra was normal and less than the global permissible values. In Egypt, 

Harb et al [5] found that the average of radium 226 Ra was (27.3 Bq / kg, 11.4, 10.6 and 11.4), while the 

concentration of thorium 232Th was about 15.1 Bq / kg (11.1, 10.8 and 11.1) and finally the potassium 40K was 

about Bq/kg (521, 436, 488.9 and 344) for soil models in the northern, southern, eastern and western regions of 

those two regions, respectively. 

Muhammad and Hassoun [6] studied the concentration of radioactive nuclides in six different types of soil in the 

Al-Ruhban area in the province of Najaf, they used HPGe, they found that the average of specific radioactivity of 

the nuclides  of Bismuth 214 Bi, Radium 226 Ra, Actinium 228 Ac, Thorium 232 Th, 40K and cesium 137 Cs were  

(47.93, 81.87, 5.03, 1.63, 126.3 and 3.5) Bq/kg respectively. In Kurdistan of Iraq, Dashty and Ali [7]  used the 

NaI (Tl) flash detector to measure the concentration of radioactivity of radium 226Ra for 20 soil samples, the results 

found that the concentration was ranged between 8.11 Bq/kg to 22.42Bq/kg. The results were with the rest of the 

countries in the world and with the global average of 32 Bq/kg and were within the permissible range, so the soil 

in that area is suitable for building construction. Hassan and Mahdi [8] collected 16 soil sample from the Rusafa 

side of Baghdad to detect nuclides and measure the radioactivity of these samples using HPGe. They found that 

the specific activity rate of 238U was 13.84. Bq / kg and for 232Th was 15.76 Bq / kg, while the specific activity 

rate for 40 K was 288.39 Bq / kg and for 137Cs was 1.56Bq / kg. The results showed that the specific activity rate 

was within the international normal range.  

Al-Gazaly et al [9], determine the specific radioactivity value of 238U, 232Th and 40K in 60 soil samples collected 

from different sites around a uranium-contaminated area in Abu-Sakhir region in Najaf-Iraq. The results showed 

that the concentration of uranium and potassium was higher than the global average mentioned in the United 

Nations Committee of Effects. Almayahi [10] assessed the amount of radiation hazard in soil samples from the 

city of Kufa -Iraq by determining the value of the radioactivity concentration of natural radionuclides (238U, 232Th 

and 40K) using the NaI (Tl) flash detector, which was equal to about (78, 78 and 286) Bq/kg. Also, he was found 

that the value of the equivalent radium was equal to 246Bq/kg, which is less than the globally permissible value 

of 370 Bq/kg, and found that the rate of the absorbed dose ratio was equal to 112nGy / h, which is about twice 

higher than Global tolerable value of 51nGy/h, The aim of the current study is to determine the level of the 

radiation background in ten sites of Bahr Al-Najaf reservoir-Iraq sediments-Iraq, by measuring the concentrations 

of radionuclides in those areas, and comparing them with a number of other cities and countries and the 

permissible global values, as well as determining the values of some of the indicators of radioactive pollution in 

them. To estimate the radiation risks resulting from the level of radioactivity in these sites, we have used for this 

purpose the gamma ray spectroscopy with the NaI (Tl) flash detector. 

METHODOLOGY 

Study sites description 

The Bahr al-Najaf portion of the Najaf governorate has been chosen to analyze radioactivity because it is 

uncontaminated land surrounded by dense orchards and watered by the river Euphrates, and is also considered a 

hub for religious tourism in a densely populated city. In addition, a significant number of arrivals from the 

governorate communities are coming to work. Ten study sites were chosen for the collection of sediments using 

the Ekman grab system (Fig. 1). Samples have been processed at-4 ºC in polyethylene bags until analyzed. 
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Figure 1. Shows the sediment sampling sites of Bahr Al-Najaf depression reservoir 

Preparation of samples 

Triplicate samples of ten location of study sites were collected, then dried them using an oven (Bashan Iab-Italy) 

for two hours to obtain moisture-free samples, the samples were grinded and then sifted using a 1 mm mesh sieve 

to obtain homogeneous samples. Then 1kg of the dried samples was taken and placed in a 1-liter Marnelli 

container after washing it well with 0.01 N hydrochloric acid then with distilled water, here the samples became 

ready to next step.  

Sampling Spectrum 

The natural radioactivity of the studied samples was measured using a "3" x 3 sodium iodide detector system after 

calibrated the system using standard sources (Table 1) within 18000 seconds. The radionuclides in samples were 

determined by the photoelectric emission peaks resulting from the U-238 series, and thorium Th-232 series, and 

potassium nuclide K-40 single, as well as the detection efficiency of the energy of the radionuclides in soil models 

was calculated through the following equation: 

 

Where X is energy (KeV). 

Table 1. The radionuclides energy and detection efficiency  
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Measuring qualitative effectiveness 

The specific activity of the 238U sequence was determined by measuring the specific activity of the bismuth nuclide 

(214Bi) with an energy of 1764 keV, as well as the specific activity of the 40K energy, 1460 keV radionuclide and 

the 232Th chain. Relevant behavior of thorium, 232Th, in that it is possible to quantify the radioactivity of any 

element in the radioactive chains identified as being in delayed balance in terms of radioactivity of another element 

in order to research the efficacy of radionuclides in the samples, so that the gamma emitting method was used on 

the basis of high penetration intensity For gamma rays in materials using gamma rays The net area under the curve 

for each radionuclide after which the precise radioactivity of these radionuclides was determined by means of the 

following equation: 

                                                                                                       (1) 

N: The net area under photo-peak curve; ε: the calculated efficiency of the gamma line at a given power; Iy: 

Effectiveness concentration factor; M: mass of the sample (Kg); t: the measurement time. 

While, the risk factors were calculated based on the activity concentrations of 238U, 232Th, and 40K by calculating 

the rate of absorbed dose in air (Equation 2) and radium equivalent (Equation 3). 

                                                                                             (2) 

                                                                                                (3) 

Whereas, Au, ATh, and Ak represent the activity concentration of uranium, thorium and potassium respectively, 

the highest value of Raeq should be less than the global permissible limit (370 Bq/Kg;  11) 

RESULTS AND DISCUSSION  

Fingers (2, 3, and 4) showed that the specific effectiveness values for 232Th, 238U, and 40K for the sediment samples 

which taken from Bahr Al-Najaf depression reservoir. The highest value of 232Th was site 1 (0.810±0.031 Bq/Kg), 

while the lowest value was in site 6 (0.0059±0.002 Bq/Kg). The lowest value of 238U was in site 10 (3.730±0.237 

Bq/Kg), and the highest value was in site 4 (8.446±0.357 Bq/Kg). The lowest value of 40K was in site 9 

(308.517±4.099 Bq/Kg), while the highest value was at site 1 (427.806±4.827 Bq/Kg).  

 

Figure 2. The rates of 232Th activity for the sediment samples. 
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Figure 3. The rates of 238U activity for the sediment samples. 

 

Figure 4. The rates of 40K activity for the sediment samples. 

Also, it was found that the highest value of the radium equivalent is  39.618±0.705 nGy.h-1 in site 1, while the 

lowest value (32.470±0.307 nGy.h-1) was at site 6 (Figure 5). The lowest value of the absorbed dose was 16±0.3 

nGy.h-1 in site 10, while the highest rate of the absorbed dose was 20.892±0.354 nGy.h-1 in site 1(Figure 6).  

 

Figure 5. The rates of radium equivalent activity for the sediment samples. 
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Figure 6. The rates of the absorbed dose activity for the sediment samples. 

It is evident from this work that the specific activity values of 238U, 232Th, and 40K were distributed in varying 

proportions for all the measured samples, and the reason for this may be due to the geological nature of the soil 

in that region, and despite this disparity it is noticed that it was within the permissible limit globally [12] and less 

than some locals and internationals countries (Table 1). And the specific activity of potassium 40K takes values 

varying from one site to another. It has been observed that there is an increase in the concentration of potassium 

nuclide in some areas is due to the presence of agricultural lands containing phosphate fertilizers in which the 

concentration of potassium isotope increases (40K), but all results were within the internationally permissible 

limits (400 Bq/Kg; 11). The study proved all the results of the absorbed dose and the effective dose of the 

environmental sites were within the globally permissible limit, and despite the high values of specific effectiveness 

in some sites, were all within the permissible limit globally and locally, so they do not pose a threat to living 

organisms. These results was agree with Hassan & Mahdi [8], Almayahi [10] and Dashty & Ali [7], but they were 

disagree with Al-Gazaly et al [9] in closed area.  

Table 2. Shows the specific effectiveness of the uranium chain - 238, the thorium chain - 232, and the potassium 

- 40 units (Bq/Kg) for some previous studies. 

Land  
Absorbed dose activity rat 

References  232Th  238U  40K 

Egypt 35 35 370 [13]  

USA 92 77 817 [14]  

Indonesia  15 13 111 [15]  

Brazil 58 44 131 [16]  

Iraq 44 18 173 [17]  

India 87 57 143 [18]  

Cyprus 5 7.1 105 [19]  

Bangladesh 52 63 20 [20]  

Jordan 21 22 138 [21]  

Iraq 7.32 18 142 [22]  

Iraq 5.03 48 126 [23]  

Iraq 25 23 127 [24]  

World rate 45 33 420 [25]  

Current study 0.7 5.98 378.161 Current study 

CONCLUSION 

The study showed that the natural radioactivity was within the globally permissible locally limits and it is not 

posing a danger to living organisms. 
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