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Abstract: The current study aims to measure and calculate the concentrations of natural radioactive elements 
(226

Ra, 
232

Th, 
40

K) in samples of fertilized soil and non-fertilized soil in different areas of Tikrit, the administrative center of Salah al-Din 

Governorate. The measurement was carried out using a gamma-ray spectroscopy system connected with a scintillation 

detector crystallized by NaI (TI). The results were obtained, and the average concentrations of natural radioactive elements 

(
226

Ra,  
232

Th,  
40

K) were (11.24 ± 0.455 𝐵𝑞. 𝐾𝑔−1 ,23.65 ± 1.305 𝐵𝑞. 𝐾𝑔−1 , 291.52 ± 9.814 𝐵𝑞. 𝐾𝑔−1) on the 

Respectively in fertilized soil samples. The average concentrations of natural radioactive elements in un fertilized soil 

samples amounted to (5.28 ± 0.216 𝐵𝑞. 𝐾𝑔−1, 11.82 ± 0.617 𝐵𝑞. 𝐾𝑔−1, 154.17 ± 5.253 𝐵𝑞.Kg
-1 ), respectively. Thus, all 

the results in the samples under study that we obtained are less than the global average recommended by the International 

Atomic Energy Committees at the United Nations, and accordingly, the areas under study are safe and do not pose a source 

of danger to the environment. 
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1 Introduction 
 

 

 

The radioactivity that emits nuclear radiation from 

radionuclides has become the important part of life, because 

it entered the food chain for our food and our health, and it 

has many agricultural, medical, industry and energy 

production applications [1]. Previous studies and research 

indicated that there are three types of emitted radiation, 

which are gamma rays, alpha and beta particles [2]. 

According to the sources of radiation, the radioactivity is of 

two types. As for the natural radioactivity, it occurs to the 

heavy elements whose atomic number is( Z> 82) ., except 

for potassium (
40

K) and carbon (
14

C), which are among the 

light elements. Or industrial radioactivity that can be made in 

laboratories, after bombarding certain nuclei with charged 

particles or neutrons [3]. The natural radioactivity resulting 

from the emission of gamma rays depends on the geology of 

the environment, the quality of the soil, and the geographical 

conditions of that environment [4]. The radioactivity of the 

components of the Earth's crust is caused by the presence of 

natural radioactive chains, such as the uranium (
238

U) series 

radioactive thorium (
232

Th) series, as well as the radioactive 

uranium (
235

U)
 
series, in addition to the presence of the 

radioactive potassium (
40 

K) element, which is present alone  

 

 

 

[5]. Natural radioactive materials represent one of the most  

important sources of human exposure to radiation, although  

these materials contain low levels of the natural background 

radiation, but the cumulative dose may affect human health 

[6]. The radioactivity in the soil depends on the radioactivity 

in the rocks from which the soil was formed (the origin of the 

soil), and on the total activities that occurred to form the soil. 

Or inhaling suspended particles from them in the air and 

transported by winds to different distances and directions, or 

indirectly through the transmission of radiation through 

eating food and drinks containing radioactive contaminated 

materials [7]. The agricultural production process includes a 

wide range of soil exposed to different radiation sources. In 

the end, the soil is a vital guide to any radiological risk posed 

to humans in the near future [8,9]. Adding fertilizers with a 

wide range, especially phosphate fertilizers, to agricultural 

soils increases the amount of natural radionuclides present in 

them [10,11]. Thus, agricultural crops are radioactively 

contaminated, they may be directly or indirectly with natural 

and artificial radionuclides. Therefore, all this and 

consumption of them increases the internal radiation dose 

and the average annual effective dose [12]. One of the most 

important factors affecting dose determination of human 

exposure to radionuclides across the food chain in a 

contaminated location is the transport factor (T.F) for 
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radionuclides transported from soil to plants [13]. All these 

factors differ from one plant to another and generally depend 

on the physical and chemical properties of the soil, the 

erosion factors, the chemical composition of radionuclides, 

and the different environmental conditions [14,15]. 
 

2 Geographical Location 

The study area is the city of Tikrit, which is located north of 

the capital Baghdad and far away from it (180), and the 

astronomical coordinates of the study area are at latitude (34) 

north and longitude (43) east. Figure (1) shows the 

geographical location of the study area. Figure (2) shows 

sites for taking non-fertilized soil samples.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1: Sites for sampling fertilized soil. 
 

 

 
 

 

Fig. 2: Non-fertilized soil sampling sites. 

 

3 Sample Collection and Preparation 

Fertilized soil: (13) samples of fertilized soil (agricultural) 

were collected by random integration method from different 

areas of Tikrit city and experimental samples were taken as a 

joint process. For this purpose, the study area was divided 

into several square sections. After that, some of the squares 

are randomly selected. Three samples were taken from each 

selected square, then mixed. Soil samples were taken at a 

depth of (5cm-10cm) where the roots of the field crops are 

found by using a spade after removing the plants on the soil 

surface and placed inside polyethylene bags and the name of 

the area was recorded on them and given a specific code for 

each Sample and determine its coordinate using the GPS 

system as shown in Table (1). Then, it was transferred to the 

laboratory. The samples were dried at a temperature of (105 

c°) consecutively for two hours to remove moisture using an 

electric oven, then grinded using an electric grinder and 

sifted with a sieve with holes (300 nm) to obtain a 

homogeneous sample. After that, a digital scale was used to 

weigh the samples by (300 gm) from each model and placed 

inside A homemade Marnelli container prepared for this 

purpose is tightly lid and left for at least a month to obtain 

the radiative balance. 
 Non-fertilized soil: (7) samples of non-fertilized soil (not 

treated with fertilizers) were collected from the intersection 

of the boxes that were selected, and the same steps were 

followed to prepare samples of fertilized soil. And as shown 

in Table (2). 

 

4 Calculation of Activity Concentration  

After placing the flash detector crystal inside the Marnelli 

container that contains the samples in its input, surrounding 

the Marnelli, crystalizing the detector by means of a plate of 

lead with a thickness of (5cm) and collecting the spectrum 

for a period of (18000 sec), which is the time required to 

collect the spectrum in our study. Then we calculate the total 

area under the curve for the specified energies we have To be 

used in calculating the concentrations of natural radioactive 

elements (
226

Ra, 
232

Th, 
40

K) using the following relationship 

[16]: 

𝐴 =
𝑁 − 𝐵

𝜖 × 𝐼𝛾 × 𝑡 × 𝑚
… … … … … … … … … … … (1) 

Where: 

A: Radiation specific activity per unit Bq.Kg
-1

. B: The total 

area under the light peak of the laboratory background 

radiation. N: The total area under the optical peak and the 

energy of the radiating element. ϵ: Detector efficiency for 

specific gamma rays. 𝐼𝛾: The relative intensity of gamma 

rays. t: Spectrum collection time in seconds. m: The mass of 

the sample is measured in kilograms. 

 

5 Results and Discussion  

Table (3) shows the results of calculating the concentrations 

of natural radioactive elements in fertilized soil samples and 

the results were that, the concentrations of radium (
226

Ra) 

recorded the sample S6 (High Flag Island) the lowest 

concentration and reached (7.97±0.418 𝐵𝑞. 𝐾𝑔−1) and the 

highest concentration in the sample S12 (soft) and reached 

(15.66±0.557 𝐵𝑞. 𝐾𝑔−1) The general average of 

concentrations reached (11.21±0.455 𝐵𝑞. 𝐾𝑔−1), so all the 

results we obtained for concentrations were less than the 

global recommended average of (35 Bq.𝐾𝑔−1)[17,18]. As for 

thorium concentrations (
232

Th), the sample recorded S3 
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(Lower tibia), the lowest concentration was 

(18.88±1.191 𝐵𝑞. 𝐾𝑔−1) and the highest concentration in the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sample was S13 (alkhank) was (29.53±1.894 Bq.𝐾𝑔−1) and 

the general average of concentrations was 

(23±1.305 𝐵𝑞. 𝐾𝑔−1). Thus, all concentrations are less than 

the permissible global average of (30 Bq.𝐾𝑔−1)[17,18]. And 

potassium concentrations (
40

K), the sample recorded S2 

(Western tibia), the lowest concentration was 

(195.71±8.490 𝐵𝑞. 𝐾𝑔−1) and the highest concentration in 

the sample was S8 (High Flag Island) and reached 

(394.04±10.468 𝐵𝑞. 𝐾𝑔−1) and the general average of the 

concentrations reached (291.52±9.814 𝐵𝑞. 𝐾𝑔−1), so that all 

the concentrations of the samples were less than the global 

and recommended average. It is permitted for the adult (400 

Bq.𝐾𝑔−1). Figure (3) shows the change in the levels of 

natural radioactive elements concentrations and the global 

average with the sites of fertilized soil samples. 
Table (3) shows the results of calculating the concentrations 

of natural radioactive elements in non- fertilized soil samples 

The results were that, the concentrations of radium (
226

Ra), 

the sample N6 (Al Bu Ajil), recorded the lowest 

concentration and reached (4.76±0.172 𝐵𝑞. 𝐾𝑔−1) and the 

highest concentration in the sample N4 (The High Flag 

Island) and reached (6.71±0.201 𝐵𝑞. 𝐾𝑔−1) and the general 

average of the concentrations 

reached(5.28±0.216 𝐵𝑞. 𝐾𝑞−1). Thus, the concentrations are 

less than the international average and recommended Adult  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(35 Bq.Kg
-1

)[17,18]. As for thorium concentrations (
232

Th), 

the sample N6 (Albu Ajeel) recorded the lowest 

concentration and reached (8.68±0.596 𝐵𝑞. 𝐾𝑔−1) and the 

highest concentration in the sample was N3 (High Flag 

Island) and reached (13.48±0.484 𝐵𝑞. 𝐾𝑔−1) and the general 

average of concentrations reached (11.82±0.617 𝐵𝑞. 𝐾𝑔−1). 

Thus, all the results we obtained are less than the average 
than the global and recommended average. It is permitted for 

the adult (30 Bq.Kg) [19-24]. And potassium concentrations 

(
40

K) recorded the sample N3 (High Flag Island) the lowest 

concentration and reached (129.31±4.752 𝐵𝑞. 𝐾𝑔−1) and the 

highest concentration in the sample was N7 (soft) and 

reached (195.81±5.699 𝐵𝑞. 𝐾𝑔−1) and the general average 

of concentrations reached (154.17±5.253 𝐵𝑞. 𝐾𝑔−1). Thus, 

all results are less than the global, recommended and allowed 

average (400 Bq.Kg
-1

)[17,18] ). Figure (3) shows the change 

in the levels of natural radioactive elements concentrations 

and the global average with the sites of non- fertilized soil 

samples.We note from the results we obtained that the 

concentration of natural radioactive elements 
(226

 Ra, 
232

Th, 
40

K) in the fertilized soil samples was almost twice as high, 

and in general all the results were less than the global 

average permitted by the International Atomic Energy 

Committees at the United Nations. 

Table 1: A code for the symbols and names of the sampling sites and their identification with the GPS system for 

fertilized soil samples. 

Sample ID name of the place GPS location coordinates 

S1 Medial tibia W:34.5502899   ,  L:43.6311284 

S2 Western tibia W:34.5558675    ,   L:43.6392798, 

S3 Lower tibia W:34.5814924    ,    L:43.6342581, 

S4 AL  Awij W:34.6539356     ,    L:43.5819731 

S5 Southern tibia W:34.5152332   ,      L:43.6738906 

S6 High Flag Island W:34.7250873   ,    L:43.7406348 

S7 High Flag Island W:34.7232685     ,    L:43.7422974 

S8 High Flag Island W:34.7243181    ,      L:43.7529805 

S9 Flag Taoist W:34.7087684     ,      L:43.6740564 

S10 Flag Taoist W:34.7097701     ,      L:43.6965748 

S11 Al Bu Ajil W:34.5603277      ,      L:43.7312753 

S12 Soft W:34.6401084   ,      L:43.9052792 

S13 Khank W:34.6841248     ,     L:43.6277857 

Where W: Latitude     L: longitude 

Table 2: A code for the symbols and names of the sampling sites and their identification with the GPS system for non-

fertilized soil samples. 

Sample ID name of the place GPS location coordinates 

N1 tibia W:34.575721   ,  L:43.6342582 

N2 Khank W:34.6731241    ,   L:43.6288581 

N3 High Flag Island W:34.7241754   ,    L:43.7432867 

N4 High Flag Island W:34.7207906     ,    L:43.7558473 

N5 Flag Taoist W:34.70877683  ,      L:43.6740563 

N6 Al Bu Ajil W:34.5603271  ,    L:43.7312750 

N7 Soft W:34.6412447   ,    L:43.9009448 

                     Where W: Latitude     L: longitude 
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Table 3: Concentrations of natural radioactive elements in fertilized soil samples. 

 

Sample ID 
226

Ra (Bq.Kg
-1

) 
232

Th (Bq.Kg
-1

) 
40

K (Bq.Kg
-1

) 

S1 11.41 ± 0.446 21.00 ± 1.225 281 ± 9.304 

S2 11.82 ± 0.491 21.54 ± 1.430 195.71 ± 8.490 

S3 9.76 ± 0.465 18.88 ± 1.191 311.84 ± 9.701 

S4 8.16 ± 0.386 20.85 ± 1.274 294.21 ± 9.045 

S5 12.07 ± 0.517 25.75 ± 1.019 329.60 ± 10.428 

S6 7.97 ± 0.418 28.71 ± 1.183 307.56 ± 9.248 

S7 12.47 ± 0.480 25.22 ± 0.753 209.79 ± 9.676 

S8 14.77 ± 0.443 28.31 ± 1.292 394.04 ± 10.468 

S9 11.02 ± 0.453 23.93 ± 1.416 296.82 ± 10.054 

S10 9.20 ± 0.394 24.01 ± 1.536 243.33 ± 8.662 

S11 10.49 ± 0.379 19.98 ± 1.372 330.35 ± 10.844 

S12 15.66 ± 0.557 19.75 ± 1.385 203.18 ± 10.321 

S13 10.94 ± 0.492 29.53 ± 1.894 391.63 ± 11.399 

Min. 7.97 ± 0.418 18.88 ± 1.191 195.71 ± 8.490 

Max. 15.66 ± 0.557 29.53 ± 1.894 394.04 ± 10.468 

Averag 11.21 ± 0.455 23.65 ± 1.305 291.52 ± 9.814 

 

Table 4: Concentrations of natural radioactive elements in non- fertilized soil samples. 

 
40

K (Bq.Kg
-1

) 
232

Th (Bq.Kg
-1

) 
226

Ra (Bq.Kg
-1

) Sample ID 

139.85 ± 4.740 10.89 ± 0.698 5.63 ± 0.264 N1 

171.46 ± 5.111 12.59 ± 0.792 4.77 ± 0.219 N2 

129.31 ± 4.752 13.48 ± 0.484 5.11 ± 0.224 N3 

157.61 ± 4.551 12.30 ± 0.192 6.71 ± 0.201 N4 

135.03 ± 6.995 11.98 ± 0.738 5.05 ± 0.211 N5 

150.15 ± 4.929 8.68 ± 0.596 4.76 ± 0.172 N6 

195.81 ± 5.699 12.83 ± 0.823 4.97 ± 0.223 N7 

129.31 ± 4.752 8.68 ± 0.596 4.76 ± 0.172 Min. 

195.81 ± 5.699 13.48 ± 0.484 6.71 ± 0.201 Max. 

154.17 ± 5.253 11.82 ± 0.617 5.28 ± 0.216 Averag 

 

 
Fig. 3: The levels of natural radioactive element concentrations change with sampling sites in fertilized soil samples. 

 

 

 

Figure 4. The change in the levels of the natural radioactive elements concentrations with sampling sites in non-

fertilized soil samples 
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6 Conclusion  

In this study, the concentrations of natural radioactive 

elements were measured and calculated in (13) samples of 

fertilized soil and (7) samples of non-fertilized soil. By using 

gamma ray spectroscopy connected to the scintillation 

detector. All results were less than the recommended global 

average. Concentrations of natural radioactive elements in 

fertilized soil samples were almost twice as high as those in 

non-fertilized soil samples, but they are within the global 

average and do not constitute a source of radiation hazard 

and are safe for the area under study. It is recommended for 

future studies to measure and calculate radon concentrations 

in the area under study to ensure that it does not lead to 

radioactive contamination of the environment under study. 
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