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Abstract:  
 

The main objective of this project is to study the natural radioactivity in the oil 

field environment, and its potential future effects on the workers in particular 

and the environment in general when increasing the concentration of natural 

radionuclides resulting from oil extraction. This is done by collecting a number 

of soil samples, were taken from one of the oil fields north of the Basra city, and 

the measurement was performed using a gamma ray spectrometry that contains a 

3”x3” NaI(Tl) detector at gamma spectrometry laboratory of Süleyman Demirel 

University,Isparta-Turkey. The normal radioactivity of radionuclides for natural 

isotopes 
238

U, 
232

Th and 
40

K are evaluated after measuring by comparing results 

with worldwide average values in natural soil. The average values of the 

measurement results were within the worldwide average values, and there were 

increase Radioactivity concentrations of Radium and potassium in sample 3, that 

required monitoring to this site for any increase in radioactivity, also to taking of 

the preventive measures. 

  

 

1. Introduction 
 

The exposure of Radiation is varying in the 

environment; some of them come from industrial 

sources as Medical exposure sources (X-ray), or 

from natural sources which are found around us, 

such as cosmic rays and terrestrial radiation [1]. 

The natural terrestrial radioactivity is present 

resulting of radionuclides already present in the 

earth's crust with different concentrations in nature, 

which does not pose a risk to the environment 

unless there are human processes and activities that 

lead to an increase in the concentration of 

radionuclides and concentration of activity which 

leads to exposure to radiation risk, as a Mineral 

exploration, coal mine drilling, and oil and gas 

extraction [2]. 

The natural radionuclides found in geological 

deposits are occurring from decay to the natural 

elements with a long half-life, such as uranium-238, 

thorium-232, and potassium-40. The produce 

radionuclides by this decay are transferred through 

the pores of the rocks to the oil formations places, 

they brought to the surface by produced water that 

accompanying with oil extracted in the form of 

soluble salts such as Radium-226 salts, The 

changes of some physical factors such as pressure 

or temperature etc. leads to accumulation of 

sediments Inside the oil equipment in different 

forms, containing radionuclides that are more 

concentrated by increasing the accumulation of 

those sediments which lead to the reduction of oil 

production over time, which requires to cleaning of 

the equipment periodically and continuously, which 

leads exposure of radiation risk to the workers and 

pollution of land surrounding the oil fields and the 

environment if they are not handled safely and 

uncontrolled to prevent their spread [3]. 

In the literature, some researchers have carried out 

a series of studies to identify and evaluate 
226

Ra, 
232

Th and 
40

K activity concentrations in 

environmental samples such as stone, soil in 

various parts of the world [4-16].  

http://dergipark.gov.tr/ijcesen
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In this study, 
226

Ra, 
232

Th and 
40

K activity 

concentrations of 4 soil samples that collected from 

one of the oil fields north of the Basra city were 

measured. 

 

2. Materials and Methods 

2.1 Area of Study 

Basra oil fields, a group of oil wells discovered, 

which is actually investment of oil and extends 

from the middle of the west of Basra to the north of 

Kuwait, includes a vast area of 1,600 Km
2
. Basra 

fields are divided into two parts the Northern Basra 

and the Southern Basra close to Kuwait, see Figure 

1. The type of oil extracted in this field from 

sandstone layers, at depths of up to four kilometres, 

Sand formations are characterized by their high 

quality, which has an average porosity of 20% in 

addition to high permeability.  

 
Figure 1.  Samples location of Basra oil fields on Iraq 

map 

 

2.2 Sample Collection and Preparation 
 

Randomly four soil samples from the area shown in 

the Figure 1 were taken from the surfaces near to 

the different oil equipment at Northern Basra oil 

field. All samples were dried to remove moisture 

using an oven at 100 °C for 12 hours; About 200 g 

for each sample was taken after removal of stones 

and biological parts by using a 1mm sieve and then 

filled in a special plastic counting container. The 

containers were stored for one month before 

counting its radioactivity allowing for achieving the 

equilibrium between isotopes of 
226

Ra, 
228

Ra, and 

decay of its products.  

 

2.3 Radioactivity Measurement 

 
The natural radioactivity of the radionuclides that 

emit gamma-ray can be measured based on the high 

penetration strength of the gamma-rays in 

materials, using electronic counting and analysis 

system used in the detection of nuclear radiation, 

from the sodium iodide detector with thallium 

NaI(Tl) that have dimension (3" × 3") which was 

connected with high voltage (HV), preamplifier and 

multichannel analyser, (ORTEC-Digit Base) which 

contains 16384 channel, connects In a unit called 

ADC (Analog to Digital Converter) Helps the 

analyst to convert the coming pulse into digital 

form, Radiation measurements and analysis are 

done by computer software called (MAESTRO-32) 

to record data, as illustrated in figure. 2 

 

 
Figure 2. Schematic of gamma-ray spectrometer system 

 

The radioactivity measurement of the samples was 

done after measuring the background radiation; by 

subtracting the value of radiation background from 

the value of radioactivity of the measured sample 

we obtain the net of the radioactivity, in the same 

time period as the sample measurement (84000) 

sec. The qualitative analysis is depending on 

determining the gamma-ray energy emitted from 

the measured sample, and recording of quantities 

for the natural radioactivity of isotopes 
226

Ra, 
232

Th, 

and 
40

K which are counted its energies from the 

photo peak which equal to 1760, 2610, and 1461 

keV, respectively [4], as illustrated in figure.3 
 

 
Figure 3. A spectrum measurement for natural 

radioactivity 

 

In the quantitative analysis, the radioactivity was 

calculated by calculating the net area under the 

photo peak of gamma-ray to infer the concentration 

of radioisotope in the sample. The activities for the 

natural radionuclides of 
40

K, 
226

Ra and 
232

Th in the 

measured samples at Becquerel per unit mass Bq/kg 

were calculated using the following relation [4]. 

𝐴 =  
𝑁𝑛𝑒𝑡

𝜀 .  𝛾 .  𝑡 .  𝑚
                 (1)           

 

where A is the radioactivity of measured 

radionuclides in Bq/kg, Nnet is the net count rate 
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area under the photopeaks calculated from (Total 

counts – background counts), 𝜀 is the efficiency of 

detector to emitted gamma rays, 𝛾 is the relative 

intensity of all gamma energy emitted, t is the time 

of counting and m is a mass of sample in (kg). 

 

3. Results and Discussion 

 
The activity concentration of the radionuclides for 

the 4 soil samples from North Basra oil field were 

obtained using the relation 1 and given in Table 1.   

 
Table 1. The radioactivity concentration in soil samples 

Sample 

Id 

40
K  

(Bq/Kg) 

226
Ra 

(Bq/Kg) 

232
Th 

(Bq/Kg) 

1 430.3475 18.562 19.1908 

2 403.1239 27.961 22.2103 

3 684.3209 62.533 25.8814 

4 528.624 25.297 15.3056 

Average 511.604 33.588 20.647 

 

In this table, it can be seen the activity variation for 

these samples. The radioactivity of natural 

radionuclides is evaluated after measuring by 

comparing results with worldwide average values 

in natural soil. The worldwide average value of 
40

K, 
226

Ra, and 
232

Th in the normal soil is 400, 35, and 

30 Bq/kg, respectively [17,18]. It can be seen that 

activity concentration of 
40

K for all samples are 

more than the worldwide average value and activity 

concentration of 
226

Ra for sample 3 more than the 

worldwide average value. While the activity 

concentration value of the other samples was lower, 

these results are displayed in Figure 4 and Figure 5. 

In Table-2, the activity concentrations of the 
40

K, 
232

Th and 
226

Ra radionuclides obtained in this study 

were compared with similar studies in different 

countries and with recommended limit values. 

 

 
Figure 4. Activity concentrations of 

40
K 

 

4. Conclusion 

 
The average activity results obtained from the 

 

Figure 5. Activity concentrations of 
226

Ra and 
232

Th 

 

Table 2. A comparison of radioactivity content from 

other parts of the world. 

Location 

Activity concentration 

(Bq/kg) References 
40

K 
226

Ra 
232

Th 

Egypt  21,1 930 11,6 [19] 

Saudi Arabia  641,08 11,42 19,26 [20] 

Thailand  523 22,6 26,4 [21] 

Malaysia  369 31 36 [22] 

Palestine 113 41 19 [23] 

Pakistan 575 31 44 [24] 

Nigeria 710 25 77 [25] 

Turkey  12,2 157,7 9 [26] 

Saudi Arabia  153,8 11,3 6,7 [27] 

World (average) 400 35 30 [17] 

Iraq  511,6 33,59 20,65 This Work 

 

measurements are consistent with the activity 

values given in the UNSCEAR 2000 reports for all 

samples except for the 40
K activity values. 

Therefore, these activity concentrations are 

acceptable levels for human health or 

environmental pollution. 
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