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ABSTRACT 

In this research, the Concentrations of uranium and radon gas were 

measured in the samples collected from the Qayyarah refinery and field, 

which is located south of Mosul. The samples included soil and water 

associated with the production of oil, sludge and crude oil. After 

prepared samples, the radioactivity was measured using the CR-39 

solid-state nuclear trace detector. Radon levels ranged between 10.79-

19.67 𝐵𝑞 𝑘𝑔⁄  in soil samples, and in water samples 7.25 𝐵𝑞 𝑙⁄  , in 

sludge samples 13.42-16.96 𝐵𝑞 𝑘𝑔⁄  and in crude oil 8.57 𝐵𝑞 𝑘𝑔⁄ . 

While uranium concentration levels, ranged in soil samples from 0.870 

- 1.457𝑝𝑝𝑚, in water samples 0.585 𝑝𝑝𝑚 , in sludge samples 1.299 - 

1.369 𝑝𝑝𝑚, and in crude oil samples 0.692 𝑝𝑝𝑚. These results indicate 

that it is within the internationally permissible limits, as the United 

Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR) determined the value of uranium in soil at 32 𝐵𝑞/𝑘𝑔 and 

in water at 50 Bq/l, and the International Atomic Energy Agency 

(IAEA) determined the value of uranium in The slag has a value of 

(8 − 5 × 105) 𝐵𝑞/𝑘𝑔, and the International Association of Oil and Gas 

Producers (IOGP) has determined the value of uranium in crude oil 

(800 − 4 × 105) 𝐵𝑞/𝑘𝑔 and therefore does not pose any danger to the 

lives of workers in the refinery. field and environment. 

Introduction 
Natural radioactive elements such as uranium and 

thorium are there found in the soil [1]. Where 

uranium is one of the most important natural 

radioactive elements. It is found in nature in the form 

of three isotopes, which are U238, whose percentage 

in nature is estimated at 99%, U235, which is 

estimated at 0.720%, and U234 by 0.005%. U238 is 

one of the most common elements in the Earth's crust, 

with a long half-life of 4.6 billion years [2]. Uranium 

slowly decays by emission of alpha particles. It enters 

the human body through ingestion or inhalation and 

settles in the bones, liver and kidneys. The kidneys 

are the most sensitive organ to uranium toxicity. In 

the bones, uranium causes bone necrosis, which 

shows its long-term effect. Uranium is decomposed 

into radium, which is the main cause of cancer. 

Uranium is present in oil and gas reservoirs, where it 

accompanies oil and water during its extraction to the 

surface and is then transported to oil equipment and 

tanks. Workers in this field are exposed to uranium 

during exposure to mud, sludge and water during oil 

extraction [3], as well as during maintenance of 

contaminated equipment and pipes, as well as 

exposure to toxic gases; Like radon gas, which 

belongs to the uranium series, radon is characterized 

by its ability to move in the air from one place to 

another without any obstruction, which makes the 

possibility of exposure to a large number of workers 

in the oil industry [4]. Several research and 

recommendations have been published by the 

International Atomic Energy Agency on the 

possibility of the presence of radioactive elements in 

the oil industry, as well as methods of treatment and 

safety [5]. A study was conducted in Turkey by 

researchers by collecting soil samples, crude oil, 

sludge and water, measuring the level of radiation 

and determining the extent of its danger [6]. Our 

study aims to measure the concentration of uranium 

in the Qayyarah refinery and field by collecting 
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samples of soil, slag and water associated with the 

production of oil and sludge. 

 

Materials and working methods 
1- Study area 

The study area included the collection of soil and 

water samples associated with the production of oil, 

crude oil and sludge from the Qayyarah refinery and 

liofield, which is located south of Mosul. Figure (1) 

shows the locations of sample collection in the 

Qayyarah Refinery and Field. 
 

 
Fig. 1: Sample collection sites in Qayyarah Refinery and Field 

 

2- Collecting samples: 

Soil samples were taken from the Qayyarah refinery 

and field at a depth between 5-15 cm around the oil 

tanks and places , oil leakage and near the pipes and 

keeping them in sealed plastic bags. the sludge, was 

taken from the oil tanks and kept in airtight plastic 

bags. While the water samples associated with the 

production of oil, were taken from the wet oil 

separation plant. Also the crude oil, was collected 

from the oil tanks the water and oil samples were 

preserved in plastic bottles of 1 o capacity. 

3- The method of work  

The The radon concentrations were measured using 

the CR-39 nuclear trace detector, after grinding the 

soil and slag samples to obtain a fine powder ready to 

work, then weighing the samples using a sensitive 

scale (0.001 gm), placing them in sealed plastic cups, 

as well as placing the water and oil samples in sealed 

plastic cups. To prevent the interaction of the air 

inside the samples with the outside air, the samples 

are left for 30 days to obtain the ideal balance 

between radium and radon by 99%, and the 

percentage is calculated through the following law of 

radiation balance [7]: 

𝐴Rn = 𝐴𝑅𝑎(1 − 𝑒−𝜆𝑅𝑛𝑡) 

Where 𝐴𝑅𝑎 represents the activity of radium, 𝐴Rn is 

the effectiveness of radon, 𝑡 is the time required to 

reach the equilibrium state, and 𝜆𝑅𝑛 is the radon 

decay constant of 0.1814 d−1 

Then a second cup similar to the first one is prepared 

and placed over the first cup containing a filter paper 

and a piece of CR-39 detector and left for another 30 

days for the purpose of irradiating the reagents 

(Figure 2 shows the irradiation system). The detectors 

were placed inside the water bath at a temperature of 

70 𝐶° for 3 hours, to show the traces formed on the 

surface of the detector and clearly visible under the 

microscope. A 400X magnification lens was used to 

watch the traces formed on the surface of the detector 

as a result of the emission of alpha particles from the 

samples and their collision with the surface of the 

detector. The background radiation was 180 Tr. cm−2 

. 

 

 
Fig. 2: Irradiation system 

 

Mathematical equations were used to calculate the 

radioactivity of radon gas and the concentration of 

uranium:  
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1- Measurement of radon concentration (𝐶𝑎) using the 

following relationship [8] [9] : 

 = 𝐾𝐶𝑎𝑇 … … … . (1) 

Where  represents the trace density in Tr. cm−2  and 

K represents the diffusion constant in 

( Tr.
cm−2

h−1Bq.m−3) and C_a represents the radon 

concentration in the air  Bq. m−3 and T is the 

irradiation time in days. 

2- Calculate the diffusion constant K from the 

following relationship: 

𝐾 =
1

4
𝑟 (2𝐶𝑜𝑠𝜃 −

𝑟

𝑅𝛼
) … … … . (2) 

Where r represents the cup radius That equals 2.58 

cm and Rα represents the range of alpha particles in 

the air resulting from radon gas its equals 4.16 cm 

and θ represents the angle with a value of 35°. 

3- Calculation of the radon concentration (Cs) in the 

samples: 

Cs =
λRnh CaT

L
… … … . (3) 

λRn represents the radon decay constant of 

0.1814 d−1, h represents the sample height with a 

value of 10 cm and L is the sample thickness with a 

value of 4 cm 

4- Finding the radioactivity of radon  𝐴Rn produced 

from the samples: 

ARn = CSV … … … . (4) 

V = Lπr2 … … … . (5) 
Where V is the volume in m3 
5- Finding the number of radon atoms  NRn  in the 

samples: 

ARn = NRnλRn … … … . (6) 
6- Using the law of radiation balance, the number of 

uranium atoms in the samples can be found through 

the following equation: 

λUNU = λRnNRn … … … . (7) 

7- Finding the mass of uranium in samples WU : 

WU =
NUAU

Nav

… … … . (8) 

Where NU represents the number of uranium atoms,  

AU is the mass number of uranium, and Nav is 

Avocader's number. 

8- Calculation of the concentration of uranium in the 

samples 𝐂𝐔   :  

CU =
WU

WS

… … … . (9) 

Where WS is the mass of the sample in gm 

Results and discussion 
The radioactivity of radon gas and the concentration 

of uranium were measured in soil, water, crude oil 

and slag elpmos. The highest radioactivity of radon 

gas and uranium concentration in soil samples in 

Qayyarah field, where the value of radon gas was 

19.67 (𝐵𝑞/𝑘𝑔)and the value of uranium 

concentration was 1.587(𝑝𝑝𝑚) , and the lowest value 

was for radon gas and uranium concentration were in 

Qayyarah refinery where the value of radon gas 10.79 

(𝐵𝑞/𝑘𝑔)  and a uranium concentration value of 0.87 

(𝑝𝑝𝑚). When comparing the results we obtained with 

the United Nations Committee on the Effects of 

Atomic Radiation (UNSEARS), whose value is 

32(𝐵𝑞/𝑘𝑔) [10] , we find that what we obtained falls 

within the internationally permissible limit. As for the 

water samples associated with oil production, the 

radioactivity value of radon gas 7.25  (𝐵𝑞/𝑙) was and 

the concentration of uranium 0.585 (𝑝𝑝𝑚) . When 

comparing the results we obtained with the global 

permissible limit, we find that what we obtained falls 

within it, which is UNSEARS 50 (Bq /o) [ .11 ] As for 

crude oil samples, the radioactivity of radon gas was 

8.57  (𝐵𝑞/𝑘𝑔)and the concentration of uranium 

0.692 (𝑝𝑝𝑚) . When comparing the result with the 

International Association of Oil and Gas Producers 

(OGP) whose value is  (800 − 4 × 105) (𝐵𝑞/𝑘𝑔) . 

[12 ] we find that is within the internationally 

permissible limit. As for slag samples, the highest 

radioactivity of radon gas and uranium concentration 

was in Qayyarah refinery, where the value of radon 

was 16.96(Bq/kg) and the value of uranium 

concentration 1.369 (𝑝𝑝𝑚) . The lowest radioactivity 

of radon gas and uranium concentration was in 

Qayyarah field, where the value of radon was is 

13.42(𝐵𝑞/𝑘𝑔)  and the value of uranium 

concentration is 1.299  (𝑝𝑝𝑚). When comparing the 

sludge results with the International Atomic Energy 

Agency (IAEA) with a value of  (8 − 5 ×
105((𝐵𝑞/𝑘𝑔)  [5 ] we find that falls within the 

permissible limit globally. 
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Table 1: shows the location of the sample and its weight, as well as the density of traces, the concentration 

of radon in the air space, and the concentration of radon in the samples 
elpmae    tegiew  

(ip)  

𝑪𝒔 

𝑩𝒒. 𝒎−𝟑𝟏𝟎𝟑 

𝑪𝒂 

𝑩𝒒. 𝒎−𝟑𝟏𝟎𝟑 

m 

𝑻𝒓. 𝒄𝒎−𝟐 

Samples Location oN 

78.68 0.316  ±12.5029  0.919 1565 llio Qayyarah field 1 

77.50 0.355  ±15.7546  1.158 1970 llio Qayyarah field 2 

75.32 0.361  ±16.2716  1.196 2035 llio Qayyarah field 3 

79.13 0.360  ±16.2308  1.193 2029 llio Qayyarah field 4 

78.45 0.384  ±18.4619  1.357 2308 llio Qayyarah field 5 

79.62 0.334  ±13.9315  1.024 1742 llio Qayyarah refinery 6 

80.23 0.296  ±10.9656  0.806 1372 llio Qayyarah refinery 7 

80.23 0.288  ±10.3534  0.761 1294 llio Qayyarah refinery 8 

80.22 0.306  ±11.7275  0.862 1467 llio Qayyarah refinery 9 

80.23 0.337  ±14.2172  1.045 1778 llio Qayyarah refinery 10 

78 0.232  ±6.762  0.497 847 dlcsp mplwetsw Qayyarah refinery 11 

81.00 0.363  ±16.4348  1.208 2055 loewls Qayyarah field 12 

81.00 0.323  ±13.0064  0.956 1626 loewls Qayyarah refinery 13 

78 0.253  ±7.9997  0.588 1001 crude oil Qayyarah field 14 
  

Table 2: shows the radioactivity of radon gas, the number of uranium atoms, the mass of uranium in the 

samples, and the concentration of uranium in the samples. 
oN Location Samples 𝑨𝑹𝒏  (𝑩𝒒) 𝑨𝑹𝒏  (𝑩𝒒 𝒌𝒈)⁄  𝑵𝑼 × 𝟏𝟎𝟏𝟕 𝑾𝑼 × 𝟏𝟎−𝟔 𝑪 𝑼  ( 𝒑𝒑𝒎) 

1 Qayyarah field llio 1.0452 13.28 2.133 84.328 0.027  ±1.072  

2 Qayyarah field llio 1.3171 16.99 2.688 106.269 0.031  ±1.371  

3 Qayyarah field llio 1.3603 18.06 2.776 109.749 0.033  ±1.457  

4 Qayyarah field llio 1.3569 17.15 2.769 109.472 0.031  ±1.383  

5 Qayyarah field llio 1.5434 19.67 3.149 124.495 0.033  ±1.587  

6 Qayyarah refinery llio 1.1647 14.63 2.377 93.974 0.028  ±1.180  

7 Qayyarah refinery llio 0.9167 11.43 1.871 73.969 0.025  ±0.922  

8 Qayyarah refinery llio 0.8655 10.79 1.766 69.819 0.024  ±0.870  

9 Qayyarah refinery llio 0.9804 12.22 2.001 79.101 0.026  ±0.986  

10 Qayyarah refinery llio 1.1886 14.81 2.426 95.912 0.028  ±1.195  

11 Qayyarah refinery dlcsp mplwetsw 0.5653 7.25 1.154 45.623 0.020  ±0.585  

12 Qayyarah field loewls 1.3739 16.96 2.804 110.856 0.030  ±1.369  

13 Qayyarah refinery loewls 1.0873 13.42 2.663 105.281 0.032  ±1.299  

14 Qayyarah field crude oil 0.6688 8.57 1.365 53.965 0.022  ±0.692  
 

Conclusion 
The radioactivity of radon gas and the concentration 

of uranium in soil, crude oil and water samples 

associated with oil and sludge production collected 

from Qayyarah refinery and field were measured 

using CR-39 detector. The results we obtained 

showed that it is within the permissible limit globally, 

but it requires continuous monitoring to maintain the 

levels of Naturally Occurring Radioactive Materials. 
Acknowledgments 
I extend my sincere thanks and appreciation to 

everyone who helped me or guided me to complete 

this research. as well as the North Oil Company - 

Qayyarah Refinery and the Qayyarah Oil Authority. 
References 
[1] Hazou, E., and Patchali, T. E. (2021). Assessment 

of radiological hazards in the phosphate mining area 

of Kpogamé, Togo. Case Studies in Chemical and 

Environmental Engineering, 3, 100077. 

[2] Shanshal, M. A. A. J.and Shehab, O. H., and 

SaadoonFaris, S. (2015). Determination of uranium in 

soil samples from Al-Fallujah city by using of Solid 

State Nuclear Track Detectors (CR-39). Journal of 

university of Anbar for Pure science, 9(3). 

[3] Attallah, M. F. and Hamed, M. M.and El Afifi, E. 

M., and Aly, H. F. (2015). Removal of 226Ra and 

228Ra from TENORM sludge waste using surfactants 

solutions. Journal of environmental radioactivity, 

139, 78-84. 

[4] Awwad, N. S.et al. (2015). Overview about 

different approaches of chemical treatment of NORM 

and TE-NORM produced from oil exploitation. 

Advances in Petrochemicals. 

[5] IAEA,.(2003). "Radiation Protection and the 

Management of Radioactive Waste," IAEA Technical 

Report Series, Vienna, No. 34 . 

[6] Parmaksız,A. et al . (2015). Measurement of 

enhanced radium isotopes in oil production wastes in 

Turkey. Journal of environmental radioactivity, 141, 

82-89. 

[7] Saeed, S. H. and Hassan, S. Y. (2015). 

Determination of Radon, Uranium and Other 

Radioactive Isotopes' Concentration in Different 



  
 

  
Tikrit Journal of Pure Science Vol. 26 (5) 2021 
 

64 

Types of Natural Water in Nenava Governorate. 

Jordan Journal of PhysicS, 8(4), 227-244. 

[8] M Al-Badrani, M. (2006). Determination of 

Radioactive Contamination of Plant Fertilizers Using 

CR-39. Rafidain Journal of Science, 17(6), 1-10. 

[9] H Ali, A., K Mh, A., and I Hassan, H. (2014). 

Determination of the Background Radiation Level in 

Mosul University Campus Using Multiple 

Technologies. Rafidain Journal of Science, 25(5), 86-

100. 

[10] UNSCEAR.(2008). "Health effects due to 

radiation from the Chernobyl accident Draft," report 

A/AC," 82/R.673, 1–220.220, United Nations 

Scientific Committee on the Effects of Atomic 

Radiation. 

[11] UNSCEAR,.(1994) " United Nations Committee 

on the Effect of Atomic Radiation," Sources and 

NCRP. Exposure of the population in the United 

States and Canada from natural background radiation, 

NCRP report no.94, National Council on Radiation 

Protection and Measurement. 

[12] OPG, (2008). "Guidelines for the management of 

Naturally Occuring Radioactive Material (NORM) in 

the oil and gas industry,," International Association of 

Oil & Gas Producers. Report No.412. 

 

 

 

 حقل القيارة النفطي مصفى و تركيز اليورانيوم فيقياس 
 , رشيد محمود يوسف مصطفى عبدالله محمود

 العراق ، الموصل ،جامعة الموصل  ،كلية علوم البيئة وتقاناتها  ،قسم علوم البيئة 
 

  الملخص

التممه تقممو جنممو  قيممات تركيممي اليورانيمموم والنشمماي اغشممعاعه لنمماي الممرا ول فممه النمممال  التممه تممم جمعهمما مممل مصمم   و قممل القيممار   فممه امملا ال  مم  تممم
عه قيمات النشماي اغشمعاو  النممال  ري ضمتمم تشملت النمال  الته تم جمعها التربمة والمماا المصما   غنتما  المن خ والابم  والمن خ الامام. و . الموصل

𝐶𝑅 لو نوع وللك  استا ام كاشف اغثر النووي لل الة الصل ة −  تتمراو  ممل. كانت مستويات النشاي اغشعاعه لنماي المرا ول فمه عينمات التربمة 39
10.79 – 19.67 𝐵𝑞/𝑘𝑔  7.25وفه عينات الماا 𝐵𝑞/𝑙   16.96 – 13.42وفه عينات الابم  𝐵𝑞/𝑘𝑔  8.57وفمه المن خ الامام 𝐵𝑞/𝑘𝑔 .

 1.299وفمه عينمات الابم   ppm 0.585وفه عينات الماا  ppm 1.457 -0.870اما مستويات التركيي اليورانيوم فق  تراو ت فه عينات التربة 
– 1.369 ppm  0.692وفه عينات الن خ الاام ppm لجنمة اغممم  يم   م  ت  . وتشير اله النتائج ال  انهما ضممل ال م و  المسممو  بهما عالميما

، و ممم  ت  𝐵𝑞/𝑙 50وفمممه المممماا  𝐵𝑞/𝑘𝑔 32قيممممة اليورانيممموم فمممه التربمممة  مقممم ار  (UNSCEAR)العلميمممة المعنيمممة  اثمممار اغشمممعاع الممملري  المت ممم  
8)قيمممممة اليورانيمممموم فممممه الابمممم   قيمممممة  (IAEA)الوكالممممة ال وليممممة للراقممممة اللر ممممة  − 5 × 105) 𝐵𝑞/𝑘𝑔  و مممم   اغت مممما  المممم وله لمنتجممممه الممممن خ

800)قيممممة اليورانيممموم فمممه المممن خ الامممام  (IOGP)والنممماي − 4 × 105) 𝐵𝑞/𝑘𝑔    و التممماله غتشمممكل اي ارمممور  علممم   يممما  العمممامليل فمممه المصممم
 .  وال قل والبيئة

 
 


