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SUMMARY 

Summary 

      This study examines the agricultural area of Al-Haydaria in Al-Najaf Al-

Ashraf Governorate, where the study area was divided into two areas, the first 

of which depends for irrigation on groundwater and the other on surface water, 

These areas are important sources of seasonal agricultural products for local 

markets.  

      The study aims to calculate the concentrations of radon gas, the specific 

activity, and the transfer factor of natural radionuclides in the two areas 

mentioned above and for different samples of ground and surface water, 

agricultural soil, plants, and fruit (tomato crop) in those areas. Samples of 

groundwater, surface water, agricultural soil, and tomato crop samples (plants 

and fruits) were collected, and three measurement techniques were used: the 

Rad-Seven detector scale for groundwater and surface water samples, the 

gamma ray spectrum (NaI (Tl) for soil, plants, and fruits, and the CR-39 solid-

state nuclear trace detector for soil and fruits.  

      The results indicated that the average concentration of the gas        in 

groundwater was higher than in surface water, and its value was 0.23 Bq/l, but 

it was lower than the global average, such as that of the US Environmental 

Protection Agency Water Office. The average specific activity value        

and       in all soil, plant and fruit (tomato) samples for the two regions was 

less than the global average values, with the exception of      and for all 

samples it was Higher than the global average values. However, the values of 

the risk indicators for all samples were lower than the global average values. 

The study also found that the rate of the transfer factor for radionuclides      , 

       and      from the soil to the plant and fruit is less than one n in the first 



 

region, while the rate of the transfer factor For the radionuclides       and 

      from the soil to the plant the second region was greater than one, and 

from the soil to the fruit, , it was less than one, while the values of the transfer 

coefficients for the nucleus      were less than one in the soil for plants and 

fruits.          gas concentrations were measured in the air and inside samples, 

as well as       in selected samples of agricultural soil and tomato fruits from 

both regions. All values of         gas concentrations in the air and        for 

the two regions are lower than the global averages, and the gas concentrations  

       within the samples were all higher than the global average.  
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Chapter One   General Introduction 

 

1.1 Introduction 

       Rutherford and Soddy were pioneers in proposing that radioactive atoms 

undergo a process of decay, emitting radiation and transforming into lighter 

forms. This idea gained significant validation when it was revealed that α-

particles were essentially ionized helium atoms. Many of the newly discovered 

elements were found within different portions of uranium ores, leading to 

suspicions that uranium, the heaviest naturally occurring element, served as 

the parent substance [1]. Presently, we understand that uranium exists 

naturally as a blend of 
238

U (99.27%), 
235

U (0.72%), and 
234

U (0.006%). 

Additionally, 
232

Th and 
40

K  have been identified as radioactive progenitors, 

along with their respective decay products. Naturally occurring radioactivity in 

soils is primarily attributed to their mineral composition. The principal 

radionuclides involved are 
238

U, 
232

Th, and 
40

K. The levels of radioactivity 

vary among different soil types based on their mineral content and 

composition [2]. The primary goal of measuring soil radioactivity is to 

evaluate radionuclide concentrations, and these concentrations can be used to 

characterize substances and establish connections between radiometric 

properties and material physical properties. 

      Currently, radiation pollution stands out as a critical environmental 

concern, posing a threat to all living beings on our planet. Despite notable 

technological and scientific advancements made by humanity, they remain 

inadequate in effectively tackling radiation contamination. As a result. The 

radiation and radioactive materials present a grave danger to life as we know it 

on Earth [3]. The process of unstable nuclei emitting diverse forms of 

radiation includis (alpha-particlaes, beta-particlaes and gamma-rays), either 

naturally occurring or induced for industrial use, is referred to as radioactivity 

[4]. 
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      In our everyday lives, the consistently exposed to natural radioactivity, an 

enduring and widespread phenomenon that has always been present in our 

environment. It can be found in various geological and natural elements such 

as air, soil, water, rocks, and plants [5]. A notable example of natural radiation 

arises from the decay and decomposition of organic matter in the soil, emitting 

radiation and thereby exposing humans to continuous radiation doses. 

Moreover, this process contributes to radioactive contamination in the 

surrounding environment. Several factors, including soil composition, 

geological formations, and human activities among others, influence the levels 

of natural radiation. These factors have the potential to modify and potentially 

intensify the natural radiation levels [6,7]. 

      Natural radionuclides permeate ecosystems and the human food chain, 

undergoing transportation and circulation through natural processes that span 

across different environmental components [8]. These radioactive nuclides 

accumulate in soil, become incorporated into plants through metabolic 

processes, and eventually enter the bodies of animals when they consume 

contaminated food. In addition to being absorbed by plant roots, direct 

deposition can also occur where the pollutants are either metabolically 

assimilated by plants or directly ingested by animals feeding on the 

contaminated vegetation [9]. It is well-established that exposure to 

radionuclides through ingestion or inhalation can increase the risk to human 

populations through the food chain, as these substances disperse throughout 

various organs in the body [10]. 

      Natural radionuclides that are present in water can originate from both the 

water source itself and human, particularly in areas where fertilizers have been 

used for agricultural purposes [11]. In regions where groundwater is present, 
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radionuclides can be identified in solid aquifers or adjacent rocks of 

lithological nature. These geological materials, such as solid aquifers and 

rocks, often contain trace amounts of radioactive elements like radon gas, 

which can dissolve into groundwater during the interaction between water, 

rocks, and soil [12-14]. Certain substances, like radon gas, contain trace 

constituents that can elevate the concentration of natural radionuclides in the 

soil. 

      The escape of soil radon gas into water is a straightforward process, 

facilitated by its origin deep within the Earth's strata. As water interacts with 

the gas, it becomes dissolved in the water. Moreover, suspended particles in 

the water, including dust, are associated with short-lived byproducts of radon 

decay known as alpha particles [15]. 

      The naturally occurring noble gas is      , it is a half-life (3.82 d), and is 

produced through the indirect decay of       and     . Given the widespread 

presence of uranium in the Earth's crust, both       and       can be found in 

almost any rock, soil, and even water [16,17]. 

      Radon and its decay products contribute to approximately 50% of the 

population's exposure to ionizing radiation from natural sources [18–20]. 

Although inhaling radon does not cause immediate harm to humans, its decay 

products can adhere to the lining of the lungs. Being an alpha emitter, radon 

poses a risk to the internal soft tissues and can be detrimental to one's health 

[21]. While there are additional sources such as ground and surface water, 

natural and volcanic gases, the soil surface is the primary contributor of radon 

gas to the atmosphere [22]. Therefore, it is crucial to monitor radon levels in 

the surrounding environment. 
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1.2 Motivation and Problem Statement 

      The motives for choosing to study radon gas in the water and soil of of Al-

Haydaria district in Al-Najaf governorate can be clarified with the following: 

1. During the recent battles that Iraq was subjected to during the previous 

period, many areas in the Al-Najaf governorate were bombarded. 

2. The incidence of cancerous diseases has increased recently, especially 

in the center and southern regions of Iraq, with high numbers recorded 

compared to the previous times. 

3. The evaluation of water and agricultural soil, as well as how they 

directly affect people, animals, and agricultural products. 

4. Finding a comprehensive study of water and agricultural soil and its 

effect on plants and fruits of Al-Haydaria district in Al-Najaf 

governorate. 

1.3  Literature Review 

              In (2007), Vaupotic J.  et al., studied radioactivity in soil samples in 

the Slovenian and Croatian karstic region (Rossi) using the gamma 

spectrometer. The results of their study were                    
to 

40
K  

                to 
226

Ra,                  for 
226

Ra and                 

for 
238

U.  Determination groups were discovered to be located outside of the 

vaicinity ofthe effect zone ofthe coalfired power station [23]. 

             In (2008), Lu X. and  Zhang X., measured activities unique to
226

Ra, 

232
Th and 

40
K insoil for  cuihiuoa Nation Geographic Park of the Mountains 

(China).By using detector of NaI(Tl). The main concentration of 
226

Ra, 
232

Th 

and 
40

K was 27.2 ± 6.5, 43.9 Bq.kg
-1

, 6.2 Bq.kg
 
and respectively 653.10 and 

127.60 Bq.kg. Activity concentrations to the radioactivity nuclides are when 
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compared to global norms of values and the means of activities in soil at 

China. Results were less than the permissible global limits [24]. 

             In (2008), AlaamerA. S., determined cons. activity for  thorium, 

potassium and radium at soil taken from Riyadh, By using a NaI (Tl) detector 

in soil Saudi Arabia. The calculated specific activity of those radioactivity 

nuclides was compared to the forms reported around world. Average 

calculated specific activity for 
226

Ra, 
232

Th and 
40

K were (14.50 ± 3.90, 11.20 ± 

3.90  and 225.0 ±6.3) Bq.kg
-1

 respectively [25].   

             In (2009),  Al-Hamarneh I. F. and Awedallah M. I., used a NaI(Tl) 

detector, researchers investigated nature radioactivity concentration in surface 

samples of soil and assessed radioactivity hazard in the northern Jordanian 

highlands. Inclined 
226

Ra, 
232

Th, and
40

K , were 42.5 Bq/kg, 49.91 Bq/kg and 

291.11 Bq/kg respecitively .The total avaerage    in the research areas is 50.5 

nGy.h
-1

, while AEDE is 51.5 nGy.h
-1

 [26]. 

             In (2010), Senthilkumar B. et. al., measured levels of gamma rays of 

radiation in soil samples from Thanjavur (India) by using detector of NaI(Tl). 

Concentration of activity for 
238

U, 
232

Th and 
40

K were (43.0 ± 9.04, 14.70 

±1.70 and 149.50 ± 3.10) Bq/kg
 
respectively.     outdoors were determined 

was between (31.9 – 59) nGy.h
-1 

and average 43.30 ± 9 nGy/h. The world-

averaged population measured value of 60 nGy.h
-1

 was max. from these 

figures. An effective dose ranged from 39.2  to 72.6 Sv/y, and with rate of 

53.111 Sv/y [27]. 

             In (2011),   Hasan, A. K., Subber, A. R., & Shaltakh, A. R., using the 

RAD7 radon monitoring device from the USA-based Durridge firm, (15) 

locations in the Najaf Al-Ashraf city had their 
222

Rn soil gas concentration 
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analyzed. Four distinct depths were measured for soil gas in each location, 

starting from the ground's surface. According to the findings, the maximum 

concentration was               /   for                          

     district, point sample (P14), while the least concentration was 

         /  for a                 at AlShoara district, point sample (P5). 

The region's background radiation levels are within the range of natural 

limitations, according to the study's findings [28]. 

           In (2011) , Hussain, R. O., & Hussain, H. H., a gamma ray spectrometer 

built around a measurementsof                        of  
238

U  232
Th     40

K, 

were made usinga NaI(Tl) detector. inorder to determine thelevel of 

radioactivity inthe environment. According to the findings, the 

                    of 
235

U, 
232

Th and 
40

K, were                    

                                               respectively. The 

computed radium equivalent activity ranged from 0.893 to                

[29].      

         In (2012),   Al-Hamidawi A. A. et al., measured radon and thoron 

concentration in Al-Kufa city soil in twenty regions for 3 - depths about (0.5- 

1.5) meters The findings revealed as well as that rates for radon and thoron gas 

emission differed from one area to the next, depending on the rock structures.. 

Activity concentration of radon in soil was changed from (12775±400 Bq.m
-3

) 

in 1.5 m under surface of earth in area 2 to (41.45±17 Bq.m
-3

), for 1.5 m under 

surface of earth for (20s). Concentration of thoron for soil was varied between 

(198±8.5 B.qm
-3

) at 1.5 m under surface of earth in areas 1 and 2. These 

concentration values were well below the allowed levels whose range was 

(0.440 kBq.m
-3

) [30].   
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           In (2013), Yousuf R. M. and Abdullah K. O., studied natural 

radioactivity in samples of samples were taken from several depths above the 

earth's surface, which is (0.1- 0.5) meters in some city on the east governorate 

of the Suleiman in Kurdistan of Iraq. NaI (Tl) detector is used. The typical 

value for natural radionuclides concentrations  
238

U 83.337 Bq.kg
-1

 , for  
232

Th 

19.147 Bq.kg
-1

 and for  
40

K 284. 86 Bq.kg
-1

. The findings revealed that the 

average concentration were larger than the actual global values [31]. 

              In (2014), Ademola A. K. et al., measured the specificactivity for 

nature radioactivity nuclides of  
238

U, 
232

Th , and 
40

K at samples of soilat gold 

extracting area in Itagunmodi (Nigeria) by using NaI(Tl) detector. These 

natural radionuclides were subjected to radiological hazard assessments. 

Values of activity concentration are rated at different rates. The values for
 

238
U,

 232
Th, and 

40
K calculated inmining operations weres (55.30 ± 1.20), 

(26.40 ± 2.70) and (505.10 ± 7.10) Bq.kg
-1

, respectiviely [32]. 

             In (2014), Al-Gazaly H. H. et al., studied of the nature radiation at 

samples of soil in Iraq, Al-Najaf Province by the detector of NaI(Tl). The 

findings revealed that the particular activity for  
238

U 77.33±5.8535 Bq.kg
-1

,  

232
Th 9.36 ± 0.9735 Bq.kg

-1 
and 

40
K 426.31 ± 21.35 Bq.kg

-1
. When the 

measured values were comparetion to the corresponding worldwide average, it 

was discovered the most specificactivity of  
238

U and 
40

K radionuclides in 

thestudied sampleswas greater than theglobal mean activity [33]. 

             In (2015), Alsaffar M. S. et al., determined the distribution of 

radioactivity and factors transfer for plants are important parameters used for 

evaluating radionuclides contamination in environment and its dangerous to 

people. From that study activities of 
226

Ra, 
232

Th and 
40

K were determined via 

gamma ray spectrometer for samples of components of rice (root, straw, husk, 
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and grain) as well as soil took extracted from crops fields in Penang from 

Malaysia. They were also studied for their predictions the transfer factor from 

soil to grain  [34].                                      

            In (2015), Isinkaye M. O. and Emelue H. U., evaluated the specific 

activity concentration of the natural radioactivity nuclides and their risk 

indexes in the samples collected from the soil of Oguta Lake/ Nigeria uses NaI 

(Tl) detector, mean value of the specific activity 47.89 Bq.kg
-1

, 55.37 Bq.kg
-1 

and 1023 Bq.kg
-1

 for all 
226

Ra ,
232

Th and 
40

K respectively. They found that the 

absorbed does is higher than the global allowable does due owing to 

environmental harm caused by oil exploration [35].    

            In (2015), Almayahi B., used a NaI (Tl) detector to evaluate nature 

radiation isotopes. that machine was used for determining the quantity and 

quality levels the 
238

U and 
232

Thin samples ofsoil taken from Al-Najaf. Mean 

concentration are about                    and                     of 
238

U 

and 
232

Th   respectivily  [36].                                                     

           In (2015), Hatif K. H. and Muttaleb M. K., studied the measured  level 

of radioactivity in ten soil sites in the city of Hilla (Iraq) NaI(Tl) detector is 

used.,  the average specific of radioacativity of 
328

U, 
232

Th and 
40

K were 

(14.079 ± 0.46, 12.326 ± 0.43 and 416.655±2.86 Bq. Kg
-1

 respectively  [37]. 

            In (2016),   Hatif K. H. and Muttaleb M. K., studied the concentration 

of radon and for ten sites of the soil of the city of Hilla (Iraq).  Solid state 

nuclear detectors were utilized in this experiment, and samples were gathered 

at 30 cm of depth below the surface at each location. The maximum radon 

activity measured was 12700 Bq.m-3, while the lowest was 25 Bq    [38]. 
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            In (2016), Ajiboye Y. et al., determined the concentration of radon in 

the soil of Aramoko, Ekiti State, Nigeria, using CR-39. Gas concentration was 

found in the study area between (630 and 35040) Bq.m
-3 

and mean value  was 

9820±0.56 Bq.m
-3

. this results were higher than the allowable limit [39].                                                                      

            In (2016), Karim M. S. et al., used NaI(Tl) scintillation detector of 

crystal dimensions  (3" 3"), an active site of radioactive elements was 

calculated for 10 samples of soil taken from the antiquity's region of 

archaeology Al-Hilla city. Values of concentrations to 
238

Uabout (9.050 Bq.kg
-

1
) and (21.221 Bq.kg

-1
), its mean is(15.485 Bq.kg

-1
), concentrations to 

232
Th 

about (11.159 Bq.kg
-1

) and (19.400 Bq.kg-1) and mean is (15.5005 Bq.kg-1), 

while a concentration activity for 
40

K about (122.255 Bq.kg
-1

) to (232.550 

Bq.kg
-1

), and average was (170.200 Bq/kg) [40]. 

            In (2016), Kadhim I. H. and Muttaleb M. K., measured the amount of 

natural radiation of the Tuirij region in the province of Karbala 

(Iraq).                                  ,the gamma-ray spectrometry 

technique wasused, and activitycons. 
40

K, 
232

Th and 
238

U values were detected. 

The following were the negative effects of the radioactive nuclides of concern 

for the soils:  With a meanof (245.1 Bq/kg) and 
40

K being (271.2170 Bq/kg)  

232
Th was (67.092.9 Bq/kg) with an a mean (24.47 Bq/kg), whereas 

238
U was 

(30.965.86 Bq/kg) with a mean (19.45 Bq/kg)  [41]. 

            In (2017), Rejah B.K. and Ashoor G. T., studied the concentration of 

the  radon gas was calculated in Al-Haswa city in Baghdad governorate using 

a technique Nuclear Impact Tracking  Detector (CR-39).  Eight samples were 

selected in eight districts of the city Al-Hasswa in Baghdad governorate and 

VIA set the dose measures for 30 days. The rate of concentration of the radon 

gas was (424.24 Bq.m
-3

), which was less than the global permissible range 
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(1100 Bq.m
-3

). Calculate the concentration the annual effective dose and 

possible alpha energy. The relative relationship between the dose determined 

the annual equivalent and the concentration of the radon  gas for a region 

under the study [42]. 

           In (2017), Alausa S. K. et al from Nigeria., studied the (TF) of 

radionuclides, from soil-to-palm oil using NaI(Tl) gamma ray detector. They 

found For 
40

K, 
232

Th and 
238

U, the mean (TF) were 0.17, 0.06, 0.27, and 0.28, 

respectiviely [43]. 

           In (2018), Rajesh S. et al., studied the ionizing radiation emitted from 

the nuclei of 
40

K, 
232

Th and 
238

U for soil samples from Devadurga and 

Lingasugur of Raichur area of Karnataka, India. Which were found in 

environmental materials and which it contributed significantly to the radiation 

dose received by humans, using NaI(Tl) detector(4” × 4”) the sample spectrum 

was measured for 60,000 s.  They found in range (10 – 119) Bq/kg, (8 – 285) 

Bq/kg and (46 – 
 
1646) Bq/kg of 

238
U, 

232
Th and 

40
K respectivily [44]. 

  In (2019), O. Ntim et al., determined concentrations of radon and 

annual effective dose to 50 Ghanaian bottled water samples of Greater Accra, 

Ghana. In all analyzed water, the range and mean radon concentrations were 

0.03 to 0.09 Bq/L and 0.06±0.01 Bq/L correspondingly. Measurements of 

radon concentrations  were done by using RAD7-H2O. The "United States 

Environmental Protection Agency (US-EPA)" contained the annual effective 

dose and measured radon concentrations  [45]. 

             In (2019), E. El-Araby et al., the level of radon in samples of drinking 

and ground water gathered from several positions in the Saudi Arabian city of 

Jazan was measured. Radon levels in groundwater and drinking water, 
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respectively, were found to be 2.470.14 and 2.950.22 Bq/L. The average 

annual effective dose from drinking and breathing ground water was measured 

at 24.25 1.33 and 28.99 2.12  Sv/y, respectively. correspondingly, using the 

sealed cup approach [46]. 

            In (2019), Rejah B. K. et al., calculated the (TF) of 
238

U from soil to 

plants using CR-39 (nuclear track detector). For the transfer factor, It is 

concluded that highest value 0.416 were found in Spinacia plant and the 

lowest value 0.323 were found in BEASSICA Oleracea Var Capitata plant 

[47]. 

          In (2019), I. Al-Alawy and A. Hasan., studied the concentrations of 

radon in underground watersamples in Karbala, Iraq by using  CR-39 detector. 

The results   were that highest were 4.152±2.2 Bq/L, where lowest were 

2.165±1.6 Bq/L. The maximum Annual Effective Dose (AED) were 14.34±3.5 

μSv/y, whereas the minimal value were 8.66±3.1μSv/y. Radon level 

concentrations, in the investigated groundwater samples was less compare 

with allowed permissible value [48]. 

              In (2020), Ridha A. A. et al from Iraq., studied the (TF) of employing 

soil-derived natural radionuclides to create silhouettes of plants by useing 

NaI(Tl) γ-spectrometry.  They discovered that before and after irradiation, the 

mean transfer factor was 1.06, 0.72, and 1.4, respectively. Before irradiation, it 

was 1.0.2, 0.7, and 0.8, respectively. The Yucca elephant plant had the highest 

level of radon adsorption, whereas the Syngonium plant had the lowest level 

[49].    

              In (2020), Elsaman R. et al., studied the gamma-ray spectrometer's 

(TF) of naturally existing radionuclides to sesame and cowpea from Egyptian 
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clay loam soil. They discovered that the average transfer factor values for 

226
Ra, 

232
Th, and 

40
K were respectively 0.51, 0.53, and 1.36 for cowpea and 

0.42, 0.43, and 1.33 for sesame. According to the findings, sesame and cowpea 

have quite different transfer factors [50].             

              In (2020),  Ilemona C. et al., A study focused on monazite and zircon 

minerals containing radionuclides 
238

U and 
232

Th, with monazite being more 

common. These radionuclides, ranging in size from 10 to 80 micrometers, 

exhibit surface features suggesting potential dissolution into hazardous PM2.5 

aerosol particles, posing a risk of concentrated exposure and long-term 

respiratory problems. To mitigate these risks, proper storage in wet ponds is 

crucial for preventing the release of radionuclides, radon gas, and high indoor 

gamma radiation levels. Coal ash samples from both mines showed three to 

five times higher activity rates and radioactivity damage indices compared to 

average soil levels[51]. 

              In (2020),  El-Taher, A., Abojassim, A., Najam, L., & Mraity, H., 

determining the level of contamination in groundwater with radon. The RAD7 

detector was used to carry out the measurement. With a mean of 5.18 0.39 

Bq/L, the observed radon concentration values varied from 1.20 to 15.43 

Bq/L. Based on radon levels in drinking water, the predicted total annual 

effective doses for babies, children, and adults ranged from 6.34 to 81.62 Sv/y, 

2.34 to 30.04 Sv/y, and 3.07 to 39.42 Sv/y, respectively. Additionally, it was 

determined that the corresponding mean values were 27.412.06, 10.080.76, 

and 13.230.99 Sv/y, respectively [52]. 

            In (2021), Abojassim, A. A., stuied the natural radioactivity used in 

this investigation in 12 groundwater samples taken from various locations in 

several Mashhad, Iran cities was examined. Using a NaI(Tl) detector, 
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thespaecific activity of 
238

U, 
232

Th, and 
40

K was datermined. For allsamples 

inthe current study, radiological and chemical hazards based on uranium-238 

were also calculated. The particular activity results in units of Bq/L for 
238

U 

varied from 1.750.15 to 15.880.46 with an average of 7.791.3, 
232

Th from BLD 

to 1.550.07 with an average of 0.830.3, and 
40

K from BLD to 79.701.10 with 

an average of 53.547.49. The AED (annual effective dose) and LCR (lifetime 

cancer risk) of uranium-238, on average, were 0.25 mSv/y and 0.98 mSv/y, 

respectively [53].  

                  In (2021),  Leandro B. et al., calculating committed effective dose 

and the risk of cancer as a result of 
40

K, 
226

Ra, and 
232

Th intake from crops 

grow in H.B.R.A. For 
40

K, 
226

Ra, and 
232

Th, larger activity cons. are (606.20 - 

25.130), (8.07 6.37), (10.010 - 1.450) Bq.kg
-1

respectively. The willing to 

commit effective dose was assumed to be 0.5 mSv.y
-1

, and the risk of 

developing cancer suggests that unrestricted usage of beans grown in this 

H.B.R.A. is not beneficial [54]. 

                 In (2022), Ahmed, R. S., the results demonstrate that, with the 

exception of Sulaimany, Baserah, where eleviated quantities of radioactivity 

material has been found, andthe Al-Dura thermal power plant, radonand 

radioactive elementsin soil samplesare within the international standard limits. 

Here, we analyze the research done to gauge the radioactive levels in the soil, 

water, and vegetation of Iraqi cities [55]. 

                 In(2023), Hady, H. N., & Baqer, Z. S., the study examined radiation 

transfer factors (TFs) in plant life in the Al-Hussainiya region of Karbala, Iraq. 

The Okra plant had the highest specific activity of 
238

U at 17.89 Bq/kg, while 

soil had 24.52 Bq/kg. For 
232

Th, the common pea plant had 10.96 Bq/kg, and 

the soil had 12.86 Bq/kg. In the case of 
40

K, soil had 324.40 Bq/kg, and the 
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eggplant plant had 274.58 Bq/kg. Eggplant samples had the highest TF at 

0.885, common pea samples had the highest 
232

Th TF at 0.847, and eggplant 

samples also had the highest 
40

K TF [56]. 

               In (2023) Amoatey, E. A., Glover, E. T., Kpeglo, D. O., Otoo, F., & 

Adotey, D. K., found in their study that prior to disposal, knowledge of the 

precise radio-isotopic signatures of the NORM waste disposal location is 

crucial to determining the baseline radiation levels. The soil and water from a 

NORM waste site at Sofokrom in Ghana's Sekondi-Takoradi Metropolis are 

identified and described in this article. In soil samples, the average activity 

concentrations of of
226

Ra, 
232

Th, and 
40

K were determined  for these elements 

were 40.31 13.8 Bq/kg, 63.29 23.18 Bq/kg and 198.71 49.10 Bq/kg, 

respectively.                         226
Ra and

 232
Th                        

UNSCEAR's average global values. Additionally, the 
226

Ra and
 232

Th average 

activity levels of water samples taken from monitoring boreholes are within 

the 1 Bq/L WHO recommended range [57]. 

1.4  The Aim of the Present Syudy 

    This study aims to measure natural radioactivity and radon gas (        

           and      ) in soil, water and crops from the Haidariyah region 

using nuclear techniques such as (RAD7, NaI(Tl), CR-39), there are also other 

goals, including: 

1. Determinaing radon gas concentrations in water  

2. To determine gamma emitters in soil and crops.  

3. To determine risk factors due to alpha in water.  

4. dentifying risk factors due to soil moisture 

5. dentifying risk factors due to kamma in crops 
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6. Establishing is to establish an alpha emitters map that will serve as a 

reference for future studies using GIS technology. 
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2.1 Introduction 

      The word "radiation" can mean various forms of radioactive energy like 

radio waves, microwaves, and visible light. Ionizing radiation, the most 

common type, causes atoms to lose electrons. We use radiation detectors to 

find it. Things like aviation gear, medical devices, power plants, nuclear 

weapons, and cosmic rays release ionizing radiation. People often encounter 

this type of radiation, and about 80% of it comes from natural sources [2].  

2.2 Types of Radiation  

      There are two kinds of radiation can be classified according to charge, 

mass and other parameters. Bat the most important classification is the amount 

of energy. The radiation with a low energy level is called as non-ionizing 

radiation and the one with a high energy level as ionizing radiation [58]. 

2.2.1 Alpha Particles  

      An alpha particle is a form of radiation that carries a positive electric 

charge. It consists of two neutrons and two protons, similar to a helium atom 

(     ).  Alpha particles are emitted when unstable isotopes undergo fission. 

Alpha particles have mass and a positive charge but lack the ability to 

penetrate materials. They can be stoppted by a sheete of paiper. This 

characteristic makes it relatively easy to protect oneself from external 

exposure to alpha particles. However, internal exposure through inhalation, 

swallowing, or wounds can cause significant damage to human cells if 

subjected to a high degree of ionization [59].  

2.2.2 Beta Particles  

      Beta particales are electerons emiatted from the nucleuis, and they have 

continuous distribution of energy. They can carry either a negative or positive 
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charge. The main difference between beta particles and alpha particles is that 

beta particles have a smaller mass, allowing them to penetrate materials more 

easily. To stop beta particles, thin foils made of materials like aluminum or 

plastic are required. Therefore, it is crucial for human beings to be protected 

from external and internal exposure to beta particles due to their ability to 

penetrate human tissue. Internal exposure to beta particles can be harmful, 

similar to exposure to alpha particles [59]. 

2.2.3 Gamma Rays  

       Gamma rays belong to the electromagnetic spectrum and have a short 

wavelength and high frequency. They are emitted from certain nuclei 

following processes such as nuclear fission or the decay of radioactive 

isotopes after the emission of alpha particles. The emission of alpha particles 

from unstable nuclei, in their journey towards stability, ressults in the 

emeission of gamma-ray with specific energies corresponding to the 

transitions between nuclear energy levels. The gamma-ray spectrum provides a 

precise and advanced means of studying radioactive nuclei. Gamma rays 

possess high energy and great penetration capabilities through materials and 

the human body. To shield the body from these rays, it is necessary to use 

materials with high atomic numbers like lead [59]. 

2.3  Sources of Natural Radiation  

      There are three sources of natural radiation that can be arranged into 

cosmic radiation, terrestrial radiation, and internal radiation [60]. All are 

explaind below:  

2.3.1 Cosmic Rays  

      This type of natural radiation refers to primary energetic particles 

originated from outer spaec that penetraten the Earth's atmosphere, as well as 



 18 

Chapter Two  Theoretical Part 

 

the secondary particles produced as a result of their interactions within the 

atmosphere. Cosmic radiation consists primarily of highly energized and 

positively charged particles, with protons being the most common, along with 

high-energy photons [61]. Due to the high atmosphere, most cosmic rays do 

not reach the Earth's surface, but interactions between cosmic rays and the 

Earth's atmosphere can lead to the creation of certain radionuclides [2]. These 

interactions give rise to various radionuclides known as cosmogenic 

radionuclides, including             and others [62].  

The interaction between atmospheric atoms and cosmic rays leads to the  

generation of considerable cosmogenic radioactivity [63]. 

2.3.2  Terrestrial Radionuclides  

      Terrestrial radionuclides are commonly present in rocks, soil, water bodies, 

rivers, and construction materials. These radionuclides were originated during 

the early stages of Earth's formation and are characterized by extremely long 

half-lives relative to the age of the Earth [63,64].They include for a half-life of 

(1.39      years), (4.51    years), and (7.4    years), respectively, are a 

few of them. Other radionuclides, such as      with a half-life of 4.7 years, 

are only of little significance.  

      The radionuclides       and      are part of a series of other radioactive 

elements that contribute to human exposure through external sources, such as 

radioactive materials deposited on the ground, as well as internal sources, 

including inhalation or ingestion of radioactive materials in the air, food, or 

water [1]. 

2.3.3  Internal Radiation 

     The human body naturally contains radioactive elements that contribute to 

internal radiation. Carbon and potassium are among the primary sources of 
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internal radiation [65]. Additionally, the alpha decay products of the thorium 

radioactive series, along with uranium, make significant contributions to the 

radioactivity within the human body, particularly radon and thoron [66]. 

2.4  Decay Series of Natural Radionaclide 

      Regarding the isotopes related to terrestrial radiation, notable ones include 

the 
238

U and 
232

Th series, as well as 
40

K. The decay products of 
238

U, such as 

      and      , are primarily formed through terrestrial radiation. The 

presence of these radionuclides in soil and air leads to external irradiation. On 

the other hand, internal radiation occurs when radionuclides are ingested or 

inhaled [86]. Figures (2.1), (2.2), (2.3), and (2.4) show the three natural series 

(
238

U, 
235

U, and 
232

Th), and the single series (
40

K) [67-69]. Among these series, 

the longest-lived member is 
238

U, which belongs to the        series (with   

ranging from         ).
 
The longer half-life member of the        series is 

235
U (with   ranging from         ). The paraent of the      radioactivity 

decay seiries is 
232

Th, , with   varying from          [70,71]. 

      Natural potassium, specifically  
40

K, has a half-life of approximately 1.277 

billion years. It exists with an isotopic abundance of 0.0118%. The decay of  

40
K  predominantly occurs through beta decay, where 89% of the time it 

decays into 
40

Ca. The remaining 10.72% of 
40

K undergoes electron capture to 

transform into the stable isotope 
40

Ar. This decay process releases gamma rays 

at a characteristic energy of 1.461 MeV [72]. 
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Figure 2.1: Decay Series of 238U [67]. 

  

 

Figure 2.2: Decays Series of 235U [68,69]. 
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Figure 2.3: Decays Series 232Th [69]. 

  

 

 

Figure 2.4: Decay-scheme of 40K [69]. 
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2.5 Gamma-Rays Interaction  with Matter 

      The interaction of gamma-rays with matter differs from that of heavy 

charged particles and electrons. When gamma-rays (photons) interact with 

matter, they lose energy in a single collision. This energy loss can occur 

through absorption or scattering, causing a decrease in the photon's energy. As 

gamma-rays penetrate through materials, their intensity decreases, following 

the relation [73]: 

 

                      
                                                  (2.1) 

 

  : Gamma-rays intensity before it penetrates a materials. 

 : The intensity of gamma-rays incident on materials.. 

𝑋 : Thick-ness of materials. 

  : Linear absorption coefficient. 

 

      The factor ( ) depends on the kind of materials and on the energy of the 

incident gamma rays on it. Therefore, the equation (2.1) represents the 

proportion radiation between the incident gamma-rays and the interaction with 

the material of detector as photoelectric absorption, Compton effect,and pair 

production as follows [74]: 

2.5.1   Photoelectric Effect 

     When incident photons interact with bound electrons in an atom, the result 

is the photoelectric effect. The electrons absorb all of the photon's energy, 

providing enough energy for them to be released from the atom [74]. 

                                                                   (2.2) 

Where: 
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   : The kinetic energies of the released electeron. 

   : The nergy of  incident photons.  

   : The binding energies of the shell electeron.  

     This idea is based on the fact that the energy related to an atom is much 

smaller than the energy of an electron, mainly because atoms are much heavier 

(have a larger mass) than electrons. In the photoelectric effect, the outer 

electron in an atom absorbs all the energy from the incoming photon. This 

leaves an empty space in the outer orbit, but the atom quickly adapts by 

rearranging its electrons. To fill the gap, an inner-orbit electron is shifted, 

which causes the emission of X-rays. Sometimes, instead of X-rays, an Auger 

electron can be emitted. 

     When dealing with a thick material, there's a high chance that any 

secondary rays will be absorbed by the material itself. Because of this, most 

detectors are designed to specifically detect and study gamma rays. The 

likelihood of a photoelectric reaction happening increases as the atomic 

number (Z) of the absorbing material gets higher. You can see this 

phenomenon illustrated in Figures 2.5(a,b) [74, 75]. 

  

 

Figure 2.5: Photoelectric effect [74]. 
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2.5.2 Compton Scattering 

      Compton scattering occurs when photons with energies in the range of 0.1 

to 10 MeV interact with free electrons. During this process, a free electron 

absorbs energy from the incoming photon by interacting with the free 

electrons in an atom. Consequently, the photon loses some of its energy to 

these electrons, leading to the release of the free electron from the atom. The 

remaining energy is carried by the scattered photon, which now has less 

energy compared to the incident photon and changes direction by an angle Φ 

due to its interaction with the atomic nucleus (Z) as shown in Figure 2.6 [73-

75]. 

     The kinetic energies of the liberated electrons can be calculated using the 

equation: 

                                                                      (2.3) 

 

 

 

Change in wavelength can be determined using the following calculation:  

                 
 

   
                                            (2.4) 

From equation (2.3) defines the relationship of Compton: 

 

   
 This amount equals (0.024    ) which is the wave length of the compton 

wave (λ cp.). 

λ∆  : the Compton shift is the change in wave length of radiation before and 

after the collision ('λ-λ) [74]. 
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Figure 2.6: The compton scattering [74]. 

2.5.3 Pair Production 

      The pair production process takes place when the energies of the incoming 

photons surpass twice the rest energies of an electron, which is equivalent to 

1.022 MeV. When a gamma-ray with energy (Eγ) encounters the intense 

Coulomb barrier of a nucleus within a material, it results in the creation of a 

pair of electrons and positrons. This process is guided by the conservation of 

energy law, as depicted in Figure 2.7. The energy of the photon can be 

calculated using the following equation [76]: 

 

                                 
                    (2.5) 

 

Where: 

        : The kinetic energies of the positron and the electeron respectively.                                                                               

   : The kinetic energies of  the photon. 

    
  : The sumation of the resters energy of the electeron and positeron. 
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Figure 2.7: Pair Production [73]. 

      The excess energy of gamma rays is transferred to the kineatic energies of 

the electeron (  ) and positron (  ). As the positron loses energies, it tends to 

combine with a nearby electron, causing both particles to annihilate. This 

annihilation process results in the production of gamma-ray photons with an 

energy of 0.511 MeV, emitted in opposite directions [77]. 

      The probability of this reaction occurring increases with the square of the 

atomices numbuer (Z) of the matereial and the energies of the incidental 

gamma-ray    [78]. 

2.6  Interactions of Alpha Particles with Matter  

      The alpha particle, denoted as (    
 ), can be emitted from the parent atom 

and the resulting nucleus. It has two fewer protons and two fewer neutrons 

compared to its parent atom. Alpha particles, which are a type of ionizing 

radiation, are the least harmful among the various forms of radiation emitted 

by unstable heavy metals [79]. These particles are larger and carry a greater 

charge than other sources of ionizing radiation, making them more dangerous 
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to biological tissues. As the positively charged alpha particle travels through a 

substance, it attracts many orbital electrons from nearby ionic pairs. 

      Uranium, represented by the symbol U, serves as a significant source of 

alpha particles. It is a naturally occurring radioactive element characterized by 

its heavy metal properties and toxicity. Uranium comprises several radioactive 

isotopes, such as 
238

U, 
236

U, and 
235

U, which undergo particle emission and 

nuclear radiation. Some noteworthy attributes of uranium include its 

substantial weight, silvery-white appearance, toxic nature, high melting point 

(1132 °C), and density at 25 °C (18.9 g/cm³) [80]. 

     Uranium (
238

U),  radon (
222

Rn),  and radium (
226

Ra) belong to the same 

group because they are radionuclides. These elements are very unstable and 

release ionizing radiation [81]. Radium (
226

Ra), radon (
222

Rn),  and uranium 

(
238

U) are found naturally in the environment. The presence of uranium (238U) 

in the Earth's crust, at approximately 3 parts per million as estimated by 

geologists, is essential for the occurrence of radium (
226

Ra) in its natural 

surroundings. Radium (
226

Ra) is the main source of radon (
222

Rn),which goes 

through a series of radioactive decay steps until it eventually changes into 

lead, a stable non-radioactive element (206). This process leads to the creation 

of radon (
222

Rn). Although radon is primarily in a gaseous state, various types 

of rocks contain solid forms of uranium (
238

U) and radium (
226

Ra). Radon can 

also be dissolved in both water and air [82]. 

2.7  Radioactive Equilibrium  

      Decay series occur when all radionuclides undergo decay at the same rate, 

resulting in three different forms of equilibrium: no equilibrium, temporary 

equilibrium, and secular equilibrium. The specific type of equilibrium that is 
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achieved depends on whether the half-live of the parentes nuclide is longer or 

shorter than of the doaughter nuclide [83]. 

2.7.1  Secular Equilibrium  

Secular equilibrium occurs in a decay series when one radionuclide has a 

considerably longer half-life compared to the others, resulting in the daughter 

activity being equal to the parent activity, (  =  ). This equilibrium state can 

be observed in Figures (2.8) [84]. 

                                                          (2.6) 

                           
  

  
                                            (2.7) 

 

 

Figure 2.8: The secular equilibrium [84]. 

2.7.2  Transient Equilibrium     

 Transient equilibrium takes place in a decay series when the parent 

radionuclide has a longer half-life than the daughter radionuclide. You can see 

this in Figure 2.9. When the parent and daughter have the same half-life, the 

daughter will start to decay once its activity surpasses that of the parent. The 

activity of the daughter, indicated as A₂, gradually increases with time 
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following the equation (A₂ = λ₂N₂). As time goes on, the term (     ) 

becomes much smaller compared to (     ), resulting in the following 

relationship[85]: 

                      
       

     

       
                          (2.8) 

 

Figure 2.9: The transitional  equilibrium[85]. 

2.7.3  No Equilibrium  

      When the half-life of a parent radionuclide is shorter than that of the 

daughter, equilibrium is not attained. This can be seen in Figure 2.10. In this 

scenario, the activities of the parents decrease over time, while the activities of 

the daughter undergo changes [106]. 

                                                                           (2.9) 

                                                                                      (2.10) 
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Figure 2.10: No Equilibrium[86]. 

2.8  Radon Gas 

      A noble gas known as radon is tasteless, colourless, radioactive, and 

odourless. Radon is considered to be a substantial source of radioactivity in the 

atmosphere since it is really the heaviest noble gas in nature. When thorium 

and uranium are present in sufficient quantities in rocks, soil, and building 

materials, radon can be created. Because of the disintegration of uranium, 

radon naturally exists. Radon accounts for almost 50% of the natural radiation 

that people are exposed to. Three separate radioactive decay paths, each 

starting with 
235

U, 
232

Th, or 
238

U, produce the three naturally occurring isotopes 

of radon: 
219

Rn, 
220

Rn, and 
222

Rn. Radon-222 (half life 3.83 day ) is a 

radionuclide that normally emanates from the soil in the form of gas. It is 

derived from the decaying uranium-238 series existing in the earth’s rocks and 

soils. Once inhaled, some of the short-lived Radon decay products, primarily 

218
Po and 

214
Po, are stored in the lungs and irradiate cells with alpha particles 

in the respiratory tract [89]. 

      The primary source of Radon found in buildings and homes is the soil and 

air. It enters the atmosphere through diffusion. Radon in the soil and air can 
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also dissolve in groundwater, which becomes a complicating factor as it 

carries the radon to locations far from its original formation site [90].
 
  

     Actineon (
219

Rn) with a half-life of 3.96 seconds and Thoruon (
220

Rn) with 

a half-life of 55.6 seconds have shorter half-lives and lower abundances 

compared to 
222

Rn (Radon) with a half-life of 3.82 days. Alpha particles 

delivered to the tracheobronchial tree by 220Rn are only 1 to 3 times that of 

222Rn per unit of exposure. This is an important factor to consider in 

dosimeter measurements. While the measurement of actinon (
219

Rn)  or thoron 

(
220

Rn) may be a primary concern in certain exceptional occupational or 

environmental settings, such situations are rare up to this point [91, 92]. 

The radioactive decay characteristics of the three naturally occurring radon 

isotopes are summarized in Table 2.1 and Figure 2.11. 

Table 2.1: The radioactivity decay property of radon isotopaes [93]. 

Series Isotope 
Historical 

name 
Half-life 

Principal radiation 

energies of alpha and 

intensities 

MeV % 

Actinium 119Rn Actinon(An) 3.96 s 
6.81 

6.54 

81 

12 

Thorium 220Rn Thoron(Tn) 55.60 s 6.288 100 

Uranium 222Rn Radon (Rn) 3.82 d 5.490 100 
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Figure 2.11: The radon and thoron-decay chart [94]. 

 

2.9   Sources of Radon  

2.9.1 Sources of Radon in Groundwater 

     It is possible to hypothesize that there are two sources of radon that can 

enter groundwater [95]. 

• Direct emission of radon from the uranium and thorium decay series 

• Radioactive decay of dissolved radium 

     In materials containing      ,       is produced; some of it escapes from 

these materials and enters the pore space. This portion can move through the 

pores relatively easily. As a result, radon can enter human-accessible air or 

water if the transport process is rapid enough to occur before the radon decays 

[96]. 

2.9.2 Source of Radon in Soil 

      At least 80% of the radon present in the atmosphere originates from soil 

that was formed from rocks rich in 
238

U. These rocks contain uranium, and as 
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238
U undergoes radioactive decay to 

226
Ra, 

222
Rn is produced. Certain types of 

rocks, such as granites, black shale, light-colored volcanic rocks, phosphate-

rich sedimentary rocks, and metamorphic rocks derived from these sources, 

tend to have higher average levels of uranium [97]. In comparison to 
238

U and 

226
Ra, which are fixed within the Earth's rocks and soil, radon is highly mobile 

as it is a gas. The 
222

Rn gas can seep out from the soil and rocks, entering the 

spaces between soil particles and through cracks and fissures in the rocks [98]. 

2.9.3  Health Effect of Radon  

      The primary cause of damage from radon gas is the harm inflicted by alpha 

particles. The potential outcomes depend on the level of exposure. The most 

significant risk associated with high radon levels is an increased likelihood of 

developing lung cancer. Although 222Rn, being a noble gas, is rapidly 

expelled from the body, the radon progeny mixes with other airborne part icles 

like dust, aerosols, and smoke particles, and can easily settle in the airways of 

the lungs. Once trapped there, the progeny release ionizing radiation in the 

form of alpha particles, which can harm the cells lining the airways [99]. 

      Human studies have provided direct evidence linking radon exposure to 

lung cancer. As a result, radon has been classified as a Group 1 carcinogen by 

the International Agency for Research on Cancer (IARC) [100]. The estimated 

percentage of lung cancers attributed to radon varies between 3% and 14%, 

depending on the radon concentration levels in the country and the 

measurement method employed. It's important to note that not everyone who 

breathes in radon decay products will develop lung cancer. The quantity of 

radon, the duration of exposure, and individual smoking habits all contribute 

to an individual's risk of developing radon-induced lung cancer [101]. 
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Exposure to radon is associated with an increased risk of lung cancer. 

Radiation, especially from alpha particles, in the lungs is linked to the 

likelihood of developing lung cancer. In general, alpha particle emissions pose 

little risk to individuals unless they occur within the body. When radon 

undergoes decay, alpha particles are released. However, most inhaled radon is 

expelled before it decays. As a result, only about 5% of the alpha radiation in 

the lungs is attributed to radon [102]. 

      The primary source of alpha radiation exposure is inhalation of radon 

particles. The progeny of radon atoms, present in the solid phase, can be 

ingested as free atoms or attached to particles such as dust, which can be 

subsequently absorbed by other particles or ingested as a whole. There is a 

significant chance that these progeny particles will accumulate and decay 

within the lungs before being inhaled. Polonium-218 and Polonium-214 are 

two radon progenies that emit alpha radiation, and they are responsible for the 

majority of the radioactive dose that contributes to lung cancer. The bronchial 

and bronchiolar regions of the lungs absorb a significant portion of the 

radiation exposure [103]. 

 

2.9.4  Health Eeffect of Radiation 

      The cell is the fundeamentail unites of a liveing orgeanism, consistinger of 

complex structures enclosed by a surface membrane. Damage resulting from 

the interaction of the human body with radiation can lead to cell modification 

or death, impacting tissues or organ function and resulting in either stochastic 

or deterministic effects.  Radiation can have both direct and indirect biological 

impacts on living  cells. Direct effects occur when ionizing radiation is directly 

deposited and absorbed, particularly affecting  DNA molecules. Compton 

reactions directly ionize atoms in DNA molecules within the target tissues, and 
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the absorption of energy leads to the photoelectric effect. This energy is 

sufficient to disrupt bonds, potentially damaging one or both DNA strands and 

causing electron removal from the molecule. Gamma radiation is a type of 

ionizing radiation, making it physiologically hazardous[102].  

2.10  Radioactivity in Soil 

      Soil plays a vital role in both agricultural and construction processes. One 

remarkable property of soil is its ability to serve as a migratory medium, 

allowing for the continuous transmission of radionuclides into biological 

systems [113]. The radioactivity present in soil is predominantly influenced by 

the geology of the rocks that make up the soil [110-113]. However, factors 

beyond geology also contribute to the distribution of radionuclides in soil, 

including regional geological events, latitude and altitude of the site, industrial 

waste, pesticide and fertilizer usage, mineral processing, water treatment, 

burning of fossil fuels, and unforeseen events such as earthquakes and forest 

fires. As a result, the natural radioactivity levels can vary significantly among 

different soil types [114]. 

2.11  Radioactivity in Food 

      Various types of food, including fruits, vegetables, grains, pulses, and 

spices, are part of our diet. Unfortunately, these foods can be exposed to 

radionuclides emitted into the environment, leading to potential contamination. 

Since humans consume a diverse range of foods in varying quantities, it is 

crucial to consider the risk of radioactive contamination in our diet.  

      The primary sources of radioactive contamination in human nutrition and 

drinking water are naturally occurring radioactive materials (NORMs). These 

NORMs consist of radionuclides from the natural decay series 
238

U , 
232

Th and 

40
K [115-119]. Particularly, alpha-emitting radionuclides from the Uranium 
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and Thorium families, such as 
238

U, 
234

U, 
230

Th, 
226

Ra, and 
210

Po, pose 

significant risks of internal radiation exposure and potential health effects 

[120–123]. These radionuclides are present in the soil, which make a concern 

as plants can absorb them along with essential nutrients. As a result, varying 

amounts of these radionuclides can accumulate in different parts of the plants, 

including their fruits [124]. This uptake occurs through two main pathways: 

the transfer of radionuclides from the air to the plant and the transfer from the 

soil to the plant. Ultimately, through the food chain, these radionuclides can 

find their way into the human body [125,126]. 

2.12  Theoretical Calculations 

2.12.1  Theoretical Calculations for Rad 7 

      A person's effective dose Ed (Sv/y) from 222Rn in groundwater as 

drinking water was estimated using the following formula[127]:  

  =    𝑖  𝑓                                                                                  (2.12) 

where Ac is the radioactive activity content in Bq/l of the sachet water, Ai is 

the annual consumption of sachet drinking water in liters per year, and Cf is 

the ingested dosage conversion factor for radionuclides in sieverts per 

becquerel. In 2000, the United Nations Scientific Committee on the Effects of 

Atomic Radiations (UNSCEAR) estimated these values to be 23, 5,9, and 3.5 

nSv/Bq for newborns, children, and adults, respectively [128]. The annual 

intake of sachet drinking water for the age groups of ≤ 1, 2–17, and ≥ 17 years 

were 230, 330, and 730 liters, respectively [129].  
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2.12.2  Theoretical Calculations for Gamma Emitters 

2.12.2.1.  Specific-Activity 

        The specific-activity is defined as its activity per unit mass of a sample, 

measured in (Bq/kg or Ci/kg). This can be calculated using the equation [130]:    

  
    

        
 

√    

        
                                                             (2.13) 

which: 

         : The net number of counts under the photo peak represents the 

sample's activity. 

                       

    ԑ : The efficiency at a specific photo peak energy   

      : The percentage of gamma emission probability 

    : The mass of the measured sample is expressed in kilograms (kg).  

      The specific activity of      can be calculated by using the following 

equation [131], which relates its specific activity to the specific activity of 

     in soil.      

            
      

    
                                    

      The risk factors related to     ,       and      can be calculated by 

considering their specific activity values. 

2.12.2.2  Radium Equivalent Activity (    )  

      The Radium Equivalent (    ) is employed to assess the risk associated 

with a specific activity measured in Bq/kg. This value varies depending on the 

  (2.14) 
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soil type and provides a standardized measure of the radiation dose it produces 

from the radionuclides [132,133]. 

         
                                                                

      The specific activities of (        (      ), and (    ) are represented as    , 

    and   , respectively. It is crucial to emphasize that the Radium 

Equivalent (    ) should not exceed the global limit of 370 Bq/kg [134]. 

2.12.2.3  Hazard Indices  

2.12.2.3.1 Activity Concentration Index (  )                

      The activity concentration index is employed to evaluate the risk posed by 

gamma radiation originating from naturally occurring radionuclides found in 

the subject under investigation. The following formula can be utilized to 

compute this index [135,136]: 

1500100150

KThU AAA
I 

 

2.12.2.3.2  Alpha Index (Iα) 

      To determine the alpha index, the equation (2.16) was employed [137]. 

   
  

    
  

  
 
                                  

2.12.2.3.3  External Hazard Index (   )       

      The ionizing risk presented by natural gamma radiation is referred to as the 

external risk. To assess the risk associated with natural gamma radiation, the 

external risk factor can be employed and determined using the equation below 

[138,139]: 

(2.15) 

(2.16) 
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4810259370

KThU

ex

AAA
H 

  

2.12.2.3.4.  Interenal Hazared Index (   ) 

      Alpha-particales that are emaitted rom short-lives isotopes when inhaling 

like                , along with gamma-rays, there is a risk that can be 

expressed as the internal risk factor      . This factor can be using the 

following formula [139]: 

4810259185

KThU

in

AAA
H 

 

      Ideally, the internal risk factor should be less than one to ensure the safety 

of respiratory organs and living individuals [140]. 

2.12.2.3.5 Exposure Rate (𝐗) 

      To calculate the exposure rate, the equation (2.19) was utilized [141,142]. 

𝑋 (
  

 
)                                   

2.12.2.4 Radiological doses  

2.12.2.4.1.  Absorabed Dose Rete in Aire (  ) 

      Equation provided below can be utilized to calculate theAbsorbed Dose 

Ratein Air(  ), which represents the percentageof airintake in relation to the 

concentrations of terrestrial nuclei [143,144]: 

  (
   

 
)                                                                   

(0. 462) , )0.621), )0.0417), are the radionuclide conversion factors that 

normally occur. 

(2.17) 

(2.18) 

(2.19) 



 40 

Chapter Two  Theoretical Part 

 

2.12.2.4.2.  Annuael Eeffective Dose Equivealent (AEDE) 

To calculate the annual effective Dose equivalent (AEDE), both the effective 

dose and the relevant factor should be considered. UNSCEAR (The United 

Nations Scientific Committee on the Effects of Ionizing Radiation) [145], has 

provided  the conversion factor of 0.7 Sv/Gy, which is used to convert the 

absorbable dose of gamma-radiation factors in the air into the annual effective 

dose received by adults. Furthermore, the proportion of time spent outdoors 

(0.20) is taken into account in the calculations. Based on this information, the 

annuael effective external dose can be determined by using the following 

equation [138,142]: 
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  :  the number of hours of the year         

Or 

      (
   

 
)    (
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                  (2.22)   

2.12.2.4.3  Annual Gonadal Equivalent Dose (AGED)   

      From equation(2.23) canbe employedto calculatethe annual gonadal 

equivalent dose [146,120,147]. 

     
   

 
                                                               (2.23) 

2.12.2.4.4.  Excess Life-time Cancer Risk        

      The (ELCR) is a coefficient that quantifies the increased likelihood of 

developing lung cancer over a person's lifetime [148]. This risk is calculated 

based on the assumption of a linear dose-effect relationship with no threshold, 

following the guidelines of the ICRP (International Commission on 
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Radiological Protection). According to the ICRP, the fateal cancer risk factor 

for low doses is            [149], which means that there is a 5% increase in 

the probability of dying from cancer for a total dose of (1Sv) received over a 

lifetime. Therefore, to estimate the cancer risk for an adulterer, the following 

relationship can be used [150]: 

ELCR=AED×DL×RF                                                                         (2.24) 

Where : 

ELCR = The excess lifetime cancer risk. 

AED =  The annuael effectives dose in mSv. 

DL = The verage of life-span (year) = 70 years[151] . 

RF = The fatal cancer-risk per Sievert . 

2.12.3  Theoretical Calculations for Alpha Emitters  

      Rn-222 concentration in soil, plant, and tomato crop samples were 

estimated by using the detected       (solid-state nuclear track detector). 

Subsequently, radiological parameters resulting from these radon 

concentrations were determined as follows: 

      The following equation is often used to measure the track densities. 

[152,153]:  

 viewfield of Area

(tracks) pits  totalofnumber  Average
)(density Track 

                            (2.25) 

𝜌: The average of number, of  total pits, (tracks). 
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2.12.3.1 Radon Concentrations 

      The concentrations of 
222

Rn, in the air of the space, for the tube (   
 ), is 

determined, using the formula [154]: 

   
 (

  

  
)  

 

   
                                                                                             

Where: 

ρ : the density of track, CR-39 detector, (Tr/cm
2
). 

t : the period (90 day) of the exposure. 

K : factor of calibration.  

             
          

   

             
                                                                      (2.27) 

K: The calibration coefficient, also known as the calibration factor or 

calibration coefficient, in terems of ((tarack/      
/ (Bq. d./ m

3
)), was 

determined through experimental study. 

      The factor of calibration factor for CR-39 detectors with a ranged of 

        days, it was determined to be                             

             for 
226

Ra (Radon source) with an activities of (3.3 kBq). This 

value is consistent with the reported values in various studies [155]. 

     The equation for calculating the concentration of the sample (   
 ), of 

      is provided below [156]: 

   
 (

  

  
)  

   
        

 
                                                                               

Where: 

λRn: 
222

Rn decay constant equale               
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h: The measurement of the disteance between, the flat samples and the 

detectors. 

t: Exposuere times.  

l: Thickeness, of samples in tube. 

      The activity concentaration of 
222

Rn in the samples (   
    

) is determined 

using the following equation [157]. 

   
    (

  

 
)  

   
      

  
                                                                                                  

Where : 

A
s
 : Refers to the sample's surface area. 

M
s
 : The sample's mass. 

2.12.3.2 Radium Concenteration  

The activities concentaration of radium (
226

Ra), of samples (   
    

), is determin 

by using the relation provided in [158]. 

   
    (

  

 
)  

   
      

  
                                                                                                  

2.12.4  Transfer Factor (TF)               

       The transfer factor (TF), is a mathematical equation used to represent the 

uptake of radionuclides by plants or fruit from the soil. It serves as a tool to 

quantify this process. The transfer factor can be calculated by dividing the 

activity of dry plant or fruit matter by the activity of ground deposition for 

radionuclides (
238

U, 
232

Th and 
40

K) [159].     

    
                                       

                            
[
             

  

          
 

  

    
  ]      (2.31) 
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      When assessing natural radionuclides, the process of ground deposition is 

not considered when dividing the activity concentration in plant matter by the 

activity in dry soil matter [160]. 

    
                                       

                           
[
             

  

            
  ]                  (2.32) 
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3.1 Introduction 

      This chapter encompasses an explanation of the study area, the procedures 

for sample collection and preparation, as well as the techniques employed for 

the detection and measurement of natural radiation. 

3.2 The Study Area 

      Al-Najaf Governorate, which covers an area of 28824 K   and rises to a 

height of 70 m, is situated of center in Iraq. According to the 2017 census, the 

population of the Al-Najaf governorate is 1500522 people. The surface of it 

gradually declines from the southwest to the northeast at a rate of decline 

equivalent to 1 meter per 2 kilometers [161]. 

      The layers of the soil in Al-Najaf Governorate are silty sand, clayey sand, 

gypsum, and sand. The order of these layers varies from location to location 

within Al-Najaf Governorate due to the depth, where they are randomly 

dispersed [162,163].    

      The city of Al-Haydariyah district is located in the northern part of Najaf 

governorate, 40 km away from the governorate center, and on the road linking 

the holy cities of Karbala and Najaf, as it is an administrative sub-district of 

the Najaf district. It is located astronomically between two latitudes (32°18' 

.28"- 32°20' .25") north and longitudes (44°14' .30" - 44°17' .13" ) east ,see 

Figure (3.1).  

This chapter comprises an explanation of the study area, the procedures for 

sample collection and preparation, and the techniques employed to detect and 

measure natural radiation. Its significance is underscored by the presence of 

numerous farms, some reliant on underground water for irrigation while others 

utilize surface water from streams and rivers. Additionally, it plays a crucial 
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role in providing Iraqi local markets with substantial quantities of seasonal 

agricultural products, highlighting its economic and agricultural importance. 

 

Figure 3.1: Map of the study area. 
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3.3 Samples Collection 

      In this study,, focused on studying farms in the Al-Haydariyah district of 

Al-Najaf, Iraq. These farming areas were divided into two categories: one 

relied on groundwater for plant irrigation, while the other used surface water. 

To facilitate our study, we divided each region into 20 sample collection sites, 

with distances between sites ranging from 2 km to about 2.5 km. At each site, 

we collected four types of samples: water, soil, plants and fruits for tomato, 

resulting in a total of 80 samples from each area. We manually used a global 

positioning system (GPS) to mark the locations, which are illustrated in Figure 

3.2 (a,b) and detailed in Tables 3.1 and 3.2.   

Table 3.1:  Code of the sample location with their latitude and longitude, for  

agricultural areas that depend on groundwater for irrigation for Al-

Haydarea in Al-Najaf. 

Site 

Number of 

Grauond water 

Position 

Latitude (°N) Longitude (°E) 

SA1 32°18'52.94" 44°14'5.61" 

SA2 32°18'52.83" 44°11'40.40" 

SA3 32°18'50.62" 44° 9'16.28" 

SA4 32°18'50.78" 44° 6'54.78" 

SA5 32°18'13.45" 44°15'19.85" 

SA6 32°18'5.55" 44°13'28.53" 

SA7 32°17'38.32" 44°12'7.96" 

SA8 32°17'35.87" 44°10'6.92" 

SA9 32°17'39.32" 44° 8'3.79" 

SA10 32°17'3.31" 44°15'51.55" 

SA11 32°17'2.71" 44°14'41.65" 

SA12 32°17'2.83" 44°13'26.76" 

SA13 32°16'33.70" 44°11'28.51" 

SA14 32°16'13.15" 44°16'17.19" 

SA15 32°16'10.68" 44°14'28.49" 

SA16 32°15'53.23" 44°12'55.00" 

SA17 32°15'26.81" 44°15'34.15" 
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SA18 32°15'4.33" 44°13'58.77" 

SA19 32°14'47.31" 44°16'28.81" 

SA20 32°14'18.43" 44°14'57.89" 

 

         Table 3.2:  Code of the sample location with their latitude and longitude,  for 

agricultural areas that depend on surfce water for irrigation for Al-

Haydariyah in Al-Najaf. 

Site 

Number of 

Grauond water 

Position 

Latitude (°N)    Longitude (°E) 

SB1 32°19'55.01" 44°16'39.90" 

SB2 32°20'14.14" 44°17'54.76" 

SB3 32°19'5.07" 44°17'3.17" 

SB4 32°19'26.84" 44°18'7.38" 

SB5 32°18'48.10" 44°18'10.06" 

SB6 32°18'24.64" 44°17'22.47" 

SB7 32°18'1.39" 44°18'15.60" 

SB8 32°17'37.43" 44°17'35.39" 

SB9 32°17'46.53" 44°18'54.23" 

SB10 32°17'8.42" 44°18'0.37" 

SB11 32°17'14.03" 44°19'0.27" 

SB12 32°16'45.59" 44°18'12.59" 

SB13 32°16'46.79" 44°19'16.99" 

SB14 32°16'9.45" 44°18'40.82" 

SB15 32°16'3.78" 44°19'41.62" 

SB16 32°15'29.52" 44°18'59.19" 

SB17 32°15'21.12" 44°20'7.65" 

SB18 32°14'48.51" 44°19'18.98" 

SB19 32°14'41.52" 44°20'25.57" 

SB20 32°14'9.17" 44°19'33.88" 
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Figure 3.2: (a) Hand-held GPS                           (b) Hand-shovel 

     Collecting and preparing soil, water, plant and fruit samples for the areas 

shown on the map with fure samples for each area as follows: 

3.3.1  Water Samples 

      Radon concentrations in water wells and streams were collected and 

examined. 500 mL samples were taken in previously cleaned plastic pet 

bottles, which were then sealed. Before collection operations, the bottles had 

also been prewashed with distilled water, diluted with acid (0.1 M HCl), and 

left to dry. For sources coming from bore holes, samples were taken after the 

source was turned on and runoff was let for around 10 minutes. This was done 

to release trapped air and allow the water temperature to settle. No samples 

that had been preserved in tanks before were gathered. Balers were used to 

help gather the well sample data. The bottles were carefully dipped to gather 

the samples for the stream samples. To avoid the development of air pockets, 

the bottles were completely filled. The time of collection and the location were 

noted on the labels and meticulously written on the samples. The samples do 

not need to be preserved for        analysis[164]. The samples were brought 

to the laboratory practically immediately in order to lower the decay 

coefficient because the maximum holding duration is only three days.  
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3.3.2  Sampling Preparation 

      Samples were collected from the study area over a three-week period From 

mid-February to mid-March 2022, and they included the following:    

      Twenty agricultural soil samples were collected at a depth of (15)cm from 

each of the agricultural areas that rely on surface water for irrigation and those 

that rely on groundwater. The samples were exposed to sunlight for (48 to72) 

hours in an open area to obtain dried samples devoid of moisture. In order to 

obtain uniform and impurity-free soil, the samples were pulverized and sieved 

using a (1) mm mesh size. 

      To ensure complete drying, the samples were dried in an electric oven at a 

temperature of 100°C. After an hour, the samples were weighed to determine 

their fixed weight. The dried soil samples were then transferred to a 1-liter 

Marinelli container as in Figure 3.3 (a,b,c,d), which had been washed with 

diluted hydrochloric acid and subsequently rinsed with distilled water. To 

prevent the escape of       and       gases, the containers were sealed with 

tape. 

      Twenty tomato plant samples and twenty tomato crop were collected from 

each of the agricultural areas that rely on surface water and those that rely on 

groundwater for irrigation. The samples were exposed to sunlight for (5 to 7) 

days in an open area to ensure complete drying and remove any moisture. To 

obtain uniform and impurity-free plant material, the samples were pulverized 

and then sieved using a (1) mm mesh size. 

      The samples were placed in an electric oven at (70°C) for one hour to 

ensure thorough drying and achieve a consistent weight. Afterward, the dried 

plant samples were transferred to a 1-liter Marinelli container (as to Figure 

(3.3)), which had been washed with diluted hydrochloric acid and rinsed with 
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distilled water. To prevent the escape of 
222

Rn, and 
220

Rn gases, the containers 

were sealed with tape. 

      Three samples of chemical fertilizers were taken, whose use rate is about 

95%  by farmers in the study area (agricultural lands). These samples are 

represented in the Table 3.3: 

Table 3.3: Samples of fertilizers. 

Fertilizer name code Enterprise 
production 

date 

Expiry 

date 
Content 

OVERTOUN S1 China 10/2022 5 years 
N-P-K 

12-12-36 

- S2 - 1/6/2022 1/6/2025 

N-P-K 

12-12-36 

Rich Nutrient S3 China 30/4/2021 29/4/2026 

N-P-K 

12-12-36 

 

Where: N: Nitrogen, P: Phosphorous, K: Potassium. 

      All samples were weighed using a sensitive digital scale with ( ± 0.01%), 

and the samples were stored for thirty days prior to the measurement in order 

to achieve the permanent radiation balance among 
226

Ra, 
228

Ac, short-term 

chains (half-life > 7), 
222

Rn, and 
220

Rn. In addition, approximately (25) grams 

of each sample for soil and tomato crop were taken and placed in plastic cups 

of specific dimensions and stored for three months with a nuclear trace 

detector.  
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              (a) Mash                                                     (b) Oven for drying. 

 

 

 

 

 

 

)  c) Marinelli beaker.                                                    (d) Sensitive balance. 

Figure 3.3: Tools for sample preparation. 

3.4  Measurement Techniques Employed in this Study 

      There are three systems that are used for measuring gamma and alpha 

emissions in this study, as follows: 

3.4.1  Using RAD 7 Detector 

      The RAD-H2O detector, an accessory for RAD7, is specifically designed 

to monitor gas concentrations in water. After collecting the water sample, it is 

essential to obtain the results within 60 minutes, while ensuring sterilization.          

To measure the radon concentration using the Grab technique, a pump is 

placed in the water. Each time, the pump runs for five minutes to remove 

radon samples from the main sample, which is then transferred to the RAD 7 
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detector for measurement. Following this, a five-minute break is taken to 

restore equilibrium, after which the process is repeated for a total test time of 

30 minutes, including four additional sessions involving measurement of 

standard deviation, temperature, moisture content, and radon concentration 

[165]. The operational number, ferromagnetic-circuit diagram, cumulative 

spectrum, and number of turns are all included [166]. The elimination of radon 

from a 250 ml sample, with 94% of the air volume replaced by water, exhibits 

a significantly high ratio. The schematic diagram of the RAD-H2O 

supplement is illustrated in Figures (3.4) and (3.5) [164,167]. Figure (3.4-a) 

presents a map or bar chart depicting the four-cycle measurements, 

accompanied by an accumulative spectrum [168]. Moreover, Figure (3.4-b) 

demonstrates the radon concentration per volume of water, as determined by 

the RAD7 device [169]. 

 
 

(a) a picture of the alpha spectra in channels A and C, 

together with the elements Po-218 and Po-214, 

respectively. 

(b)  Illustration demonstrating the use of 

RAD7 and its RADH2O derivatives to test 

a water sample. 

 

Figure 3.4: Two images demonstrating the cumulative operational spectrum and the 

analysis of a water sample using RAD7 
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(a) The internal RAD7. 

 

(b) The diagram in Part a. 

 

Figure 3.5: The diagram and image show how the RAD7 looks on the inside and out. 

3.4.2.  NaI (Tl) System 

       The most commonly used scintillator is thallium-activated sodium iodide 

(NaI(Tl)). It possesses several important characteristics, including the 

capability to construct large crystals, high light yield, extremely low 

scintillation light self-absorption, excellent spectroscopic performance, easy 

availability, and cost-effective manufacturing. Figure (3.6-a) presents a 

photograph of the NaI(Tl) detector, while Figure (3.6-b) displays a schematic 

diagram of its internal structure [170]. 

      As depicted in Figure (3.7) a computer-based multichannel analyzer was 

employed to evaluate the samples for a duration of 18.000 seconds while they 

were in the detector. This analyzer captures the gamma spectrum from each 

sample and processes it using the Maestro-32 software. By utilizing the 

Maestro-32 data processing program, the net area beneath each corresponding 

peak in the energy spectrum of each sample was calculated. This calculation 

involved subtracting the count from background sources to obtain the peak's 

net area. As shown in Figure (3.8), the background spectrum was detected 
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during sample measurements using a polyethylene plastic Marinelli cup and an 

empty 1 L vessel placed within the detector. 

      The results obtained were from gamma-rays emitted by      and      , 

which are in secular equilibrium with them. However, the determination of 

    activity was done indirectly using the gamma line at 1460 KeV. This was 

necessary due to the low resolution of the NaI(Tl) detector, which makes it 

challenging to accurately measure activity concentrations in peaks with good 

separation at low gamma energies. Consequently, the gamma line at 1765 KeV 

was utilized to calculate the specific activity of      (
214

Bi), while the gamma 

line at 2614 KeV was used to obtain equivalent results for 
232

Th (
208

Tl) [171].       

       

 

 

 

Figure 3.6: Sodium Thulium Activated Iodide Detector NaI (Tl) [170] 
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Figure 3.7: The sodium iodide detector system in the restaurant consists of a thallium-

activated sodium iodide (NaI(Tl)) detector measuring 3" × 3". 

 

 

Figure 3.8: The samples were placed on the detector. 
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3.4.2.1 Energy Calibration 

      The relationship between the gamma ray energy absorbed by the detector 

(photo peak) and the channels that correspond to it is known as energy 

calibration [172]. As shown in Table (3.3), the energy of this detector is 

calibrated using a number of predefined -ray sources from the IAEA (
137

Cs, 

60
Co, 

22
Na, 

54
Mn, and 

152
Eu). Figure (3.9) shows the energy calibration curve. 

Table 3.4: Properties of radioactive sources consulted for this study [172, 173]. 

Isotopes 

Activit

y 

(μCi) 

Energy 

(keV) 

Serial 

number 

Production 

date 
Iγ % 

      
 

1 661.66 IRS-126 1/1/2009 85.21 

     
 
 

1 

1173.24 

IRS-141 1/1/2009 

99.9 

1332.5 99.88 

2505.74 20 

     
 

1 
511 

   IRS-139 1/2/2009 
181 

1274 99.95 

     
 

1 834 IRS-128 1/1/2009 100 

      
 

0.9 

1407 

IRS-149 1/11/2009 

24 

1112 16.4 

1085.8 10 

964 17.3 

778.9 15.2 

344.3 31.4 

121.8 33.2 
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Figure 3.9: The NaI(TI) 3" 3" energy calibration curve 

3.4.2.2 Detection Efficiency 

      The detection efficiency it can be referred to as "detection efficiency (ε)," 

which can be computed in the current study using equation (3.1). It is the 

proportion of the radiation count rate between what is recorded and what the 

detector detects. [174]: 

  
 

      
                                                      

Where: 

 C: (Under the photo peak) is the net area. 

 T: is the total number of spectra collected. 

  : Is the probability of gamma rays emitted.  

A: Is the stationary source's activity, expressed in units of Bequral or Curi, at 

the moment of measurement, which is commonly determined using equation 

(3.2) [175]. 
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Where:  

A: The activity of the sources is measured in becquerels (Bq) at a given time, 

denoted as "t". 

Ao: The starting activity of each source is measured in becquerels (Bq) at a 

specific initial time, denoted as "to".. 

λ: The rate of deterioration. 

Δt (Δt= t-to): Is time of decay between the product of the stander source (to) 

and time at time measurement (t). 

Figure (3.10) shows the calibration of absolute photo-peak detection efficiency 

with gamma-ray energy using five distinct sources: 
137

Cs, 
60

Co, 
22

Na, 
54

Mn, 

and 
152

Eu. Based on data in Table (3.4) the efficiency of 
238

U (
214

Bi; 1765 

KeV), 
232

Th (
208

Tl; 2614 KeV), and 
40

K. (
40

Ar ;1460 KeV) can be found. 

 

 

Figure 3.10: The Curve of fficiency for NaI(Tl) detected in present study. 
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3.4.2.3  Energy Resolution 

      In Figure (3.11), a detector's energy resolution (R) measures its ability to 

tell between two peaks where the energy difference is a minimal. The 

resolution can be calculated using the equation provided below [176,177]. 

  
    

  
                                              (3.3) 

Where: 

FWHM (Full Width at Half Maximum) : represents the measurement of the 

width of the photopeak in the spectrum of a gamma-ray source. 

Ch : represents the channel number corresponding to the centroid of the 

gamma peak.        

      In this study, the R value was determined to be 7.9%. The energy of the 

standard source used was 661.66 KeV for      , as depicted in Figure (3.11).  

 

Figure 3.11: The Cs-137 spectrum was analyzed using the Maestro-32 software. 
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3.4.2.4  Measuring Technique 

      The MAESTRO-32 data analysis package is utilized to calculate the net 

count below the respective photo peak within the energy range. This is 

achieved by subtracting the count obtained from the background radiation 

measurement. The background range was determined using an empty, 1-liter 

polyethylene plastic Marinelli. While the accurate evaluation of 
40

K was 

achieved using the gamma line at 1460 keV through 
40

Ar, the specific activity 

(Bq/kg) can potentially be evaluated at higher energies with well-separated 

photo-peaks. Our results obtained from gamma rays generated by the progeny 

of 
232

Th  and 
238

U demonstrate clear agreement and provide an opportunity for 

such evaluations. 

      Consequently, the gamma lines at 1765 KeV were utilized to determine the 

specific activity of (
238

U) and (
214

Bi). Likewise, the gamma-ray lines at 2614 

KeV (
208

Tl), as depicted in Figure (3.12), provided similar results for 
232

Th 

[177]. 

 

Figure 3.12: Gamma-ray spectrum using MAESTRO-32 soft for NaI(Tl) (3"×3"). 
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3.4.3 CR-39 Detector 

      The collection and processing of ornamental material samples utilized in 

the track methodology were identical to those employed in the NaI(Tl) 

strategy. To distinguish one sample from the others, a special code was given 

to each one. TASTRAK, Ltd., a United Kingdown (UK) -based analysis 

system, is the provider of the CR-39 (        ) detector. The CR-39 detector 

sheet, measuring 2.5 cm by 2.5 cm and with a thickness of one millimeter, was 

imprinted with a code specific to the TASL picture system (see Figure 3.13). 

The sheet has a density of approximately 1.3 g/cm
3
[164]. 

 

Figure 3.13: The UK-made CR-39 detector (TASTRAK). 

3.4.3.1 Sample Container 

      The sealed plastic cans used in this study had a height of 7 cm and an 

average diameter of 4.5 cm. The cans were labeled with the sample name and 

the storage date. Figure (3.14) illustrates the plastic container utilized in this 

study. Once the containers were filled with samples, a distance of 1 cm (h) and 

6 cm (L) was maintained between the sample and the detector CR-39. The 

detectors were attached to the upper portions of the containers using adhesive 

tape. The containers' covers were securely sealed with adhesive tape to prevent 

the escape of radon gas. In this investigation, the samples were stored for a 

duration of 90 days To obtain radiation balance. A long-term irradiation 



 63 

Chapter Three  Experimental Part 

 

method was employed in the study. Following the radiation period, the The 

results are then drawn and analyzed. 

 

Figure 3.14: Plastic container that used in present study. 

 

3.4.3.2 Chemical Etching 

     To create sodium hydroxide (NaOH) solution, the formula below was used 

to dissolve 100 g of NaOH in 0.4 liters of purified water from equation (3.4) 

[178]: 

𝑊  = 𝑊    ×   × 𝑉                         (3.4) 

 

Where: 

W: Denotes the weight of sodium hydroxide (NaOH) necessary to attain the 

desired normality. 

𝑊  : Rrepresents the weight equivalent of NaOH. 

N: Is the desired normality.  

V: The volume of distilled water. 
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      Figure (3.15) illustrates the preparation of the etching solution using an 

HP-3000 magnetic stirrer (Lab Companion Magnetic Stirrer, Ceramic Top, 

110 volts, 60 Hz). The solution is allowed to homogenize for fifteen minutes. 

Subsequently, the detectors were cautiously removed from the plastic 

containers, taking special precautions to avoid any scratches on the surfaces of 

the detectors. 

 

        Figure 3.15:  The magnetic stirrer used in the experiment is the HP-3000  model, 

manufactured in the USA. 

 

      As depicted in Figure (3.16), Pyrex containers were placed in an electric 

water bath with a temperature range of 0 to 100 °C, which was set to 98 °C 

within one hour [179]. The following day, CR-39 detectors were immersed in 

a 6.25 NaOH solution. After thorough cleaning with distilled water and careful 

drying with soft tissue paper, the detectors were extracted from the solution.  
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Figure 3.16: Digital water path HH-420. 

 

3.4.3.3.  Microscopy Processing of Track 

      The only need is to count the engraved tracks on a detector. The widths 

and shapes of etch pit "tracks" naturally vary; circular etch pits are produced 

by vertically incident alpha particles. The majority of etch pits are elliptical in 

shape, resulting from alpha particles colliding with the detector surface at 

lower angles of incidence. Then, any minor etch pits are continuously ignored, 

and any scratches are readily overlooked [180]. In this investigation, a 

microscopic procedure was carried out to manually count the amounts of 

radon present. The optical microscope of the type (Novel, China) was used for 

manual microscopy processing. The microscope had a 400X magnification, 

which was used to count the tracks on the item, not 40X. Figure 3.17 shows 

how the detector surface is divided into 10 areas of view to count the alpha 

particle. Once the camera program has been installed on the computer, 

numerous images of each area are shot using a digital camera connected to the 

computer through a USB cable. 
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Figure 3.17: Microscopy processing manually. 
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4.1 Introduction  

      This chapter presents the findings regarding radon gas concentrations and 

natural radioactivity levels, specifically those of     ,      , and    . These 

measurements were obtained through the application of three distinct 

techniques. Firstly, radon gas concentrations in both ground and surface waters 

were assessed in a total of 40 samples. These samples were divided into two 

sets of 20 each, consisting of groundwater samples and surface water samples, 

respectively, collected from the study area. The measurements were obtained 

using an active device known as RAD7. 

      Furthermore, the natural radioactive activity of gamma emitters was 

determined in 120 samples. This set comprised 20 soil samples, 20 tomato 

plants, and 20 tomato fruits, each for both the groundwater and surface water 

regions. The gamma spectroscopy system NaI (TI) was employed to measure 

the natural radioactivity concentrations of radionuclides     ,      , and     

in these samples. Additionally, the transfer factor was calculated for soil 

samples, tomato plants,  

     The  tomato fruits to ascertain the concentrations of radon and radium. This 

calculation was performed using solid-state nuclear track detectors (CR-39). A 

total of 80 samples, including 20 soil samples, 20 tomato fruits irrigated with 

groundwater, and 20 soil samples, and 20 tomato fruits irrigated with surface 

water, were subjected to this measurement. 

      To evaluate environmental radioactivity and characterize potential 

radioactive risks, all the obtained results were compared against the global 

averages established by international organizations and agencies. 
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4.1.1 Calculating Radon Concentrations in Groundwater and Surface 

water by using the Rad7 Detector          

      From Table (4.1) and Table (4.2) and Figures (4.2,4.5) display the results 

of  
222

Rn concentrations in groundwater and surface water for the 40 samples 

analyzed using RAD 7. In general, the predominant range of radon 

concentration in groundwater was observed to be between 0.109 Bq/L and 

0.399 Bq/L, with an average of 0.235±0.02 Bq/L. For surface water, the results 

ranged from 0.036 Bq/L to 0.144 Bq/L, with an average of 0.074±0.008 Bq/L. 

      The maps displayed in Figures (4.1) and (4.4), are illustrate the distribution 

of  radon concentrations in the groundwater and surface water samples 

respectively. These maps were generated using Arc GIS 10.4.1 and a GIS 

methodology, utilizing distinct colors to differentiate between high, medium, 

and low levels . 

     The total of AED (annual effective doses) resulting from, the ingestion or 

drinking of groundwater and surface water. For groundwater, the average AED 

for individuals aged one year or less ranged from 0.577 μSv/y to 2.111 μSv/y, 

with an average of 1.247±0.103 μSv/y. For individuals aged 2 to 17 years, the 

average AED ranged, from 0.212 μSv/y to 0.777 μSv/y, with an average of 

0.459±0.038 μSv/y. For individuals aged 17 years or older, the average AED 

ranged, from 0.278 μSv/y to 1.019 μSv/y, with average of 0.602±0.05 μSv/y. 

      Regarding surface water, the average AED ranged from 0.190 μSv/y to 

0.762 μSv/y, with  average of 0.394±0.040 μSv/y. For individuals aged (2-7) 

year or less, the average AED ranged, from 0.070 μSv/y to 0.280 μSv/y, with 

average of 0.145±0.06 μSv/y . For individuals aged   17 years, the average 

AED  ranged, from 0.092 μSv/y to 0.368 μSv/y, with average of 0.190±0.051 

μSv/y, and all the results in this study were in the normal limit allowed for 

(1mSv/y) for public [181.182] (UNSCEAR, 2009; WHO, 2012). As shon 
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Figure (4.3) and Figure (4.6) includes a comparison between the ages of three 

groundwater and surface water respectively, the largest value was in younger 

is equal to one year, the older ages or equal to (17) year and ages from (2-17) 

year, the reason for this is due to the body's highly sensitive tissues of ages 

younger and equal to one year. 

     According to the publications of the USEPA: United States Environmental 

Protection Agency Office of Water [183], all of the results of 
222

Rn 

concentrations in water were within the permitted limits of the USEPA (11.1 

Bq/L) [183] for 
222

Rn concentrations in water for human consumption. The 

fluctuation or discrepancies in 
222

Rn concentration values for groundwater and 

surface water samples in the current investigation can be attributed to several 

things, such as the source of water that was used to collect the samples. One 

can notice this difference through Figure (4.7) that represents a comparison 

between the rate of radon concentrations in groundwater and surface water, 

and their comparison with the rate issued by the USEPA, where it was found 

that radon concentrations in groundwater are greater than in surface water due 

to the increase in uranium concentrations in the interior Earth compared to the 

earth surface.  

      However, the average of these concentrations of ground and surface water 

is less than the average of the USEPA [183] due to a variety of factors, 

including the water sources employed in this study. The difference in radon 

concentrations of surface water and groundwater can be ascribed to the water 

sources as well as the research area's geological structure. The geological 

composition in this study is a very important factor in increasing the radon 

concentrations in the water[184]. 
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Table 4.1: Radon Concentrations and Annual Effective Dose of Groundwater in Three 

Age Groups by used Rad7. 

No. 

Sampl

e 

Code 

Radon Concentrations 

(Bq/L) 

Annual effective dose (μSv/y) 

≤ 1 y (2-17) y ≥ 17 y 

1 G1 0.203 0.02 1.074 0.395 0.519 

2 G2 0.399 0.021 2.111 0.777 1.019 

3 G3 0.199 0.022 1.053 0.387 0.508 

4 G4 0.12 0.023 0.635 0.234 0.307 

5 G5 0.181 0.025 0.957 0.352 0.462 

6 G6 0.302 0.027 1.598 0.588 0.772 

7 G7 0.211 0.029 1.116 0.411 0.539 

8 G8 0.355 0.031 1.878 0.691 0.907 

9 G9 0.195 0.034 1.032 0.380 0.498 

10 G10 0.13 0.037 0.688 0.253 0.332 

11 G11 0.217 0.041 1.148 0.422 0.554 

12 G12 0.254 0.046 1.344 0.495 0.649 

13 G13 0.362 0.053 1.915 0.705 0.925 

14 G14 0.326 0.062 1.725 0.635 0.833 

15 G15 0.31 0.074 1.640 0.604 0.792 

16 G16 0.145 0.093 0.767 0.282 0.370 

17 G17 0.29 0.124 1.534 0.565 0.741 

18 G18 0.188 0.186 0.995 0.366 0.480 

19 G19 0.109 0.371 0.577 0.212 0.278 

20 G20 0.217 0.019 1.148 0.422 0.554 

Minimum 0.109 0.371 0.577 0.212 0.278 

Maximum 0.399 0.021 2.111 0.777 1.019 

Average ± S.D 0.235 0.02 1.247 0.103 0.459 0.038 0.602 0.05 

World Wide 

Average 
USEPA[183](11.1 Bq/L) UNSCEAR [181] (1m Sv/y) 
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Figure 4.1: The Map of the  222Rn Gas Concentrations of Groundwater. 

 

 

Figure 4.2: Radon Gas Concentration of Groundwater. 
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     Figure 4.3:  Comparison of the Annual Effective Dose in Three Groundwater Age 

Groups. 
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Table 4.2: Radon concentrations and Annual effective dose of surfce water in three 

age groups by used Rad7. 
 

No. 
Sample 

Code 

Radon Concentrations 

(Bq/L) 

Annual effective dose (μSv/y) 

≤ 1 y (2-17) y ≥ 17 y 

1 S1 0.036 0.008 0.190 0.070 0.092 

2 S2 0.055 0.007 0.291 0.107 0.141 

3 S3 0.039 0.008 0.206 0.076 0.100 

4 S4 0.065 0.009 0.344 0.127 0.166 

5 S5 0.041 0.01 0.217 0.080 0.105 

6 S6 0.123 0.011 0.651 0.239 0.314 

7 S7 0.077 0.01 0.407 0.150 0.197 

8 S8 0.063 0.012 0.333 0.123 0.161 

9 S9 0.075 0.013 0.397 0.146 0.192 

10 S10 0.122 0.014 0.645 0.238 0.312 

11 S11 0.072 0.002 0.381 0.140 0.184 

12 S12 0.144 0.016 0.762 0.280 0.368 

13 S13 0.031 0.004 0.164 0.060 0.079 

14 S14 0.071 0.002 0.381 0.140 0.184 

15 S15 0.044 0.029 0.233 0.086 0.112 

16 S16 0.039 0.036 0.206 0.076 0.100 

17 S17 0.083 0.048 0.439 0.162 0.212 

18 S18 0.102 0.072 0.540 0.199 0.261 

19 S19 0.096 0.004 0.508 0.187 0.245 

20 S20 0.114 0.005 0.603 0.222 0.291 

Minimum 0.031 0.004 0.577 0.212 0.278 

Maximum 0.144 0.016 2.111 0.777 1.019 

Average ± S.D 0.074 0.008 1.247 0.103 0.459 0.038 0.602 0.05 

World WIDE 

Average 
USEPA[183](11.1 Bq/L) UNSCEAR [181] (1m Sv/y) 
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Figure 4.4: The Map of the 222Rn Gas Concentrations of Surface Water. 

 
 
 

 

Figure ‎4.5 : Radon Concentration of Surface water. 
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Figure ‎4.6: Comparison of the Annual Effective Dosage in Three Surface water Age 

Groups. 

  

 

Figure ‎4.7: Comparison between Groundwater, Surface water with USEPA. 
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4.1.2  Calculating Gamma Emitters by NaI(TI) detector          

4.1.2.1 Results of Gamma Emitters in agricultural soil irrigte with 

groundwater. 

       The natural radioactivity levels of selected agricultural soil samples in the 

study area were measured and compared significantly with the permissible 

limits provided by UNSCEAR, 2010 [185] for (   
   ,    

    ,   
   and   

   ). 

The results, shown in Table (4.5), reveals the specific activity of (   
   ,    

    

,   
   and   

   ) as follows: The specific activity range of (   
   ) was found to 

be 17.851±0.866 Bq/kg to 49.801±1.505 Bq/kg, with an average of 

32.98±1.198 Bq/kg. For (    
   ), the specifica activityi ranged from 

7.990±0.866 Bq/kg to 16.345±0.397 Bq/kg, with average of 12.815 0.348 

Bq/kg. For (   
  ) exhibited a specific activity range from 382.731±4.488 

Bq/kg to 755.11±8.118 Bq/kg, with average of 606.255±5.893 Bq/kg. 

Comparing these values with the permissible limits (35, 45, and 412 Bq/kg for 

(   
   ,    

   , and   
  , respectively) set by UNSCEAR [185], it can be 

observed that the specific activity of (   
   ) is slightly lower than the global 

averages, (    
   ) is much lower than the global averages, and (   

  ) is 

significantly higher than the global averages. 

      The specific activity range of (   
   ) was found to be from 0.823±0.038 

Bq/kg to 2.295±0.068 Bq/kg, with an average of 1.52±0.022 Bq/kg. These 

values were higher than the world-wide average [185]. 

     From Table(4.7) it can be found that the value of  both Exposure, AEDE, 

AGED, ELCR, from 126.561 to 235.007 with average 195.517 9.712  R/h, 

from 0.161 to 0.381 with average 0.241 0.011 mSv/y, from 234.741 562.623 

with average 352.212 17.274, from 0.723 to 1.707 with average 

1.079 0.052. All were less than the World Wide Average except AGED it 

was a little highe [185]. 
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       The maps displayed in Figures (4.10, 4.11, 4.12, 4.13) illustrate the 

distribution of the average of specific activities for (   
   ,    

    and   
  ) the 

average of specific activities in the selected agricultural soil irrigte with 

groundwater samples, respectively. These maps were generated using Arc GIS 

10.4.1 and a GIS methodology, utilizing distinct colors to differentiate 

between high, medium, and low levels . 

      Figures (4.14, 4.15, 4.16, 4.17), represent the distributione of the specific 

activities against the sample positions, for
 238

U, 
232

Th , 
40

K  and  
235

U 

respectively. Figures (4.14,4.17) show that the highest value of  
238

U , 
235

U  

were in the middle of  the study area from the agricultural soil irrigted with  

groundwater, whereas Figure (4.15) shows that the values of  
232

Th  were 

found The sample values are close and all are less than  the World Wiede 

Average.  Finally, Figure (4.16) show that nearly the high values of the 
40

K 

activities were distributed, almost all much higher except for one value only 

than the World Wiede Average of the study-area [185].  

      Figure (4.18),  represents the a comparison between the specific 

effectiveness rates of radioactivity of 238U, 232Th , 40K  and  235U   for 

agricultural soils irrigated with groundwater. The increasing is noticed in the 

rate of specific effectiveness of potassium, and it may be due to the use of 

industrial chemical fertilizers and animal fertilizers for multiple agricultural 

seasons during one year, In addition to the concentration of naturally occurring 

radioactive nuclides in soil varies across different locations due to geological 

and geographical factors.  
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   Table 4.3: The Specific Activity of (238U, 232Th , 40K  and  235U ) in Agricultural Soil 

Irrigated with Groundwater. 

No. 
Samples 

codes 

The specific activity is measured in units (Bq/kg) 

                    

1 SA1 31.267 1.182 14.54 0.374 669.9   6.161 1.441 0.053 

2 SA2 26.368 1.037 12.663 0.333 566.655 5.417 1.215 0.045 

3 SA3 33.801 1.139 13.801 0.338 625.142  5.516 1.558 0.047 

4 SA4 39.834 1.296 16.024 0.381 702.922  6.134 1.836 0057 

5 SA5 32.205 1.199 12.176 0.342 670.127  6.162 1.484 0.054 

6 SA6 24.238 1.015 14.748 0.367 699.516  6.143 1.117       

7 SA7 41.966 1.37 16.354 0.397 755.11  8.118 1.934 0.062 

8 SA8 29.814 1.137 8.6552 0.284 492.914  5.209 1.374 0.050 

9 SA9 32.934 1.279 12.055 0.359 677.015  6.532 1.518 0.061 

10 SA10 17.851 0.866 13.863 3.54 669.967  5.975 0.823 0.038 

11 SA11 45.077 1.491 15.279 0.403 614.66  6.201 2.077 0.071 

12 SA12 18.523 0.913 10.602 0.32 524.349  5.469 0.854 0.041 

13 SA13 38.307 1.268 13.664 0.351 684.406  6.039 1.765 0.055 

14 SA14 42.892 1.371 16.072 0.389 725.549  6.35 1.977 0.061 

15 SA15 21.015 1.01 10.494 0.331 453.988  5.287 0.968 0.047 

16 SA16 49.801 1.505 13.259 0.36 624.119  6.001 2.295 0.068 

17 SA17 37.595 1.286 12.01 0.337 561.004  5.597 1.733 0.057 

18 SA18 43.707 1.436 11.861 0.347 591.909  5.953 2.014 0.067 

19 SA19 26.139 1.115 10.184 0.323 433.108  5.11 1.205 0.052 

20 SA20 26.267 1.044 7.9903 0.267 382.731  4.488 1.21 0.045 

Minimum 17.851 0.866 7.9903 0.267 382.731  4.488 0.823 0.038 

Maximum 49.801 1.505 16.354 0.397 755.11  8.118 2.295 0.068 

Average ± S.D 32.98 1.198 12.815 0.348 606.255 5.893 1.52 0.022 

UNSCEAR [185] 35 45 412 - 
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Figure 4.8: The Map of the Average of Specific Activities for 238U in Agricultural Soil 

Irrigated with Groundwater. 

 

               Figure 4.9:  The Map of the Average of Specific Activities for  232Th in 

Agricultural Soil Irrigated with Groundwater. 
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 Figure 4.10: The Map of the Average of Specific Activities for 40K  in Agricultural 

Soil Irrigated with Groundwater. 

 

Figure 4.11: The Map of the Average of Specific Activities for  235U in agricultural soil 

irrigated with groundwater. 
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        Figure 4.12: Specific Activity in of   
    in Agricultural Soil Irrigated with 

Groundwater. 

 

Figure 4.13: Specific Activity of    
    in Agricultural Soil Irrigated with 

Groundwater. 
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          Figure 4.14: Specific Activity of   
   in Agricultural Soil Irrigated with 

Groundwater. 

 

 

          Figure 4.15:  Specific Activity  of  235U in Agricultural Soil Irrigated with  

Groundwater. 
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   Table 4.4: Results     ,   ,    ,    ,    and      in Agricultural soil Irrigated with 

Groundwater by using NaI(TI). 

      Hex     
   

        
     

(Bq/kg) 

Sample 

code 
No. 

0.156 0.4 0.28 0.364 51.162 103.641 SA1 1 

0.132 0.34 0.238 0.309 43.46 88.109 SA2 2 

0.169 0.39 0.275 0.366 50.02 101.672 SA3 3 

0.199 0.447 0.316 0.423 57.393 116.873 SA4 4 

0.161 0.392 0.273 0.36 50.177 101.216 SA5 5 

0.121 0.388 0.268 0.333 49.276 99.190 SA6 6 

0.21 0.473 0.334 0.447 60.754 123.495 SA7 7 

0.149 0.307 0.216 0.297 39.556 80.144 SA8 8 

0.165 0.396 0.276 0.365 50.729 102.304 SA9 9 

0.089 0.352 0.241 0.289 44.558 89.262 SA10 10 

0.225 0.432 0.309 0.43 55.685 114.255 SA11 11 

0.093 0.29 0.2 0.25 36.826 74.058 SA12 12 

0.192 0.424 0.299 0.402 54.491 110.546 SA13 13 

0.214 0.465 0.329 0.445 59.779 121.741 SA14 14 

0.105 0.274 0.192 0.248 34.979 70.978 SA15 15 

0.249 0.44 0.316 0.45 57.042 116.818 SA16 16 

0.188 0.372 0.265 0.366 48.017 97.966 SA17 17 

0.219 0.402 0.287 0.405 52.039 106.245 SA18 18 

0.131 0.282 0.2 0.271 36.288 74.0522 SA19 19 

0.131 0.255 0.181 0.252 32.921 67.1632 SA20 20 

0.089 0.255 0.181 0.248 32.921 67.1632 Minmum 

0.249 0.609 0.329 0.271 60.754 154.757 Maxmum 

0.165 0.011 0.376 0.019 0.265 0.013 0.354 0.018 48.258 2.397 99.549 4.805 Average  S.D 

 1  1  1  1  55  370 UNSCEAR [186] 
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Table 4.5: Exposure, AEDE, AGED, AGED and ELCR of Agricultural Soil Irrigated 

with Groundwater by using NaI(TI). 

ELCR×     
AGED 

(mSv/y) 
     

        
Exposure (μR/h) 

Sample 

code 
No. 

1.124 367.74 0.251 207.054 SA1 1 

0.955 312.34 0.213 176.083 SA2 2 

1.099 358.428 0.245 198.915 SA3 3 

1.261 410.783 0.282 227.081 SA4 4 

1.103 360.828 0.246 201.454 SA5 5 

1.083 356.191 0.242 205.814 SA6 6 

1.707 562.623 0.381 320.6 SA7 7 

0.869 283.077 0.194 154.008 SA8 8 

1.115 364.742 0.249 203.267 SA9 9 

0.979 323.476 0.219 190.534 SA10 10 

1.224 396.158 0.273 213.309 SA11 11 

0.809 266.197 0.181 153.383 SA12 12 

1.197 390.387 0.267 215.115 SA13 13 

1.314 427.537 0.293 235.007 SA14 14 

0.769 251.355 0.172 141.936 SA15 15 

1.254 405.28 0.28 214.624 SA16 16 

1.055 342.526 0.236 185.364 SA17 17 

1.144 370.492 0.255 197.694 SA18 18 

0.797 259.337 0.178 142.534 SA19 19 

0.723 234.741 0.161 126.561 SA20 20 

0.723 234.741 0.161 126.561 Minmum 

1.707 562.623 0.381 235.007 Maxmum 

1.079 0.052 352.212 17.274 0.241 0.011 195.517 9.712 Average + S.D  

2.5 300    ............. 
World Wide 

Average[187] 
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4.1.2.2 Results of Gamma Emitters in in plant Irrigated with groundwater 

      The natural radioactivity of selected plant samples (tomato fruit) from the 

study area was measured, and the results were compared to the permissible 

limits set by UNSCEAR, 2010 [185]. The speicific acttivity of (      , 

        and       was found as follows: The specific activity range of (     ) 

was found to be 1.023±0.387 Bq/kg to 51.51±2.715 Bq/kg, with average of 

17.75±1.467 Bq/kg. For (      ), the specific activity ranged, from 

2.939±0.305 Bq/kg to 22.45±0.761 Bq/kg, with average of 11.35±0.585 

Bq/kg. (    ) exhibited a specific activity range, from 287.148 11.603 Bq/kg 

to 789.171 20.94 Bq/kg, with average of 473.3119  16.17 Bq/kg.  

      Comparing these values with the permissible limits (35, 45 and 412) Bq/kg 

for (     ,       and     respectively) by UNSCEAR [185], it can be 

observed that the speicific acttivity of (     ) is lower than the global averages, 

(      ) is much lower than the global averages, (    ) is a higher than the 

global averages. 

Tabe 4.6: Results of Natural Radioactivity in Plant by Irrigated with Groundwater. 

NO. 
Sample 

code 

Specific activity in (Bq/kg) 

               

1 SAP1 20.05 2.079 4.159 0.577 411.838 17 

2 SAP2 12.51 1.128 6.72 0.384 323.511 11.19 

3 SAP3 5.036 0.759 6.821 0.41 422.076 1.355 

4 SAP4 18.86 1.673 19.14 0.782 553.649 17.68 

5 SAP5 3.085 0.673 2.939 0,305 471.699 16.23 

6 SAP6 16.51 1.553 28.83 0.952 789.171 20.94 

7 SAP7 9.157 0.965 4.619 0.318 366.101 11.90 

8 SAP8 3.894 0.779 2.311 0.365 358.950 13.4 

9 SAP9 37.8 2.882 20.05 0.974 664.496 23.57 
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10 SAP10 3.876 0.808 5.04 0.427 309.769 14.09 

11 SAP11 1.536 0.512 11.75 657 452.858 17.14 

12 SAP12 51.51 2.715 23.7 0.854 630.138 18.52 

13 SAP13 14.98 1.469 3.26 0.417 287.148 11.603 

14 SAP14 1.023 0.387 5.219 0.405 385.596 14.64 

15 SAP15 4.578 0.809 5.879 0.425 353.908 13.88 

16 SAP16 46.62 2.481 21.23 0.777 712.005 18.91 

17 SAP17 7.252 1.262 10.54 0.706 563.396 21.70 

18 SAP18 38.34 2.705 11.9 0.699 523.824 19.50 

19 SAP19 35.27 2.057 22.45 0.761 592.337 16.44 

20 SAP20 23.13 1.648 10.48 515 293.761 11.45 

Minimum 1.023 0.387 2.311 0.365 287.148 11.603 

Maximum 51.51 2.715 28.83 0.952 789.171 20.94 

Average ± S.D 17.75 1.467 11.35 0.585 473.311  16.17 

UNSCEAR [185] 35 45 412 

 

 

 

Figure 4.16: Specific Activity in of      of  Plant  Irrigte with Groundwater. 
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Figure 4.17: Specific Activity in of        of Plant  Irrigte with Groundwater. 

 

 

Figure 4.18: Specific Activity in of      of Plant  Irrigte with Groundwater. 
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4.1.2.3  Gamma Emitters in Fruit(Tomato Crop) Irrigated with 

Groundwater 

      The specific activity of selected fruit samples (tomato crop) in the study 

area was measured for natural radioactivity. These values were then compared 

with the peremissible limitses (35, 45 and 412) Bq/kg for     ,      ,     

[206]. The results, presented in Table (4.7), show the following specific 

activity ranges: (     ) ranged, from 1.621±0.468 Bq/kg to 33.88±1.969 Bq/kg, 

with average of 14.1±1.29 Bq/kg; (      ) ranged, from 1.789±0.298 Bq/kg to 

20.01±0.795 Bq/kg, with average of 9.705±0.593 Bq/kg; (    ) ranged, from 

570.638 20.35 Bq/kg to 818.2 27.61 Bq/kg, with average of 709.007 23.76 

Bq/kg. The values of (     ) were lower than the global averages, (      ) was 

much lower than the global averages, (    ) was much higher than the 

worldwide average [185].     

      Figures (4.19), (4.20) and (4.21) shows the distribution of specific 

activities for                      
 respectively, against the sample positions. 

Figure (4.19) shows that the highest value for (     ) was found in a sample 

position, and the values vary significantly in value and position, all of which 

are lower than the worldwide average. Figure (4.20) illustrates the values of 

(      ), which also vary significantly in value and position and are all less 

than the worldwide average. Figure (4.21) demonstrates that the majority of 

the high values for (    ) activities were distributed, with most of them being 

much higher than the worldwide average in the study area [185]. 
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Table 4.7: Spcific Activity in Fruit(Tomato crop) by Irrigated with Groundwater by 

using NaI(TI). 

No. 
Sample 

code 

Specific activity in (Bq/Kg) 

               

1 SAF1 2.934 0.64 4.924 0.505 630.947 21.86 

2 SAF2 21.84 1.601 15.33 0.622 721.349 23.17 

3 SAF3 33.88 1.969 16.65 0.64 687.954 22.34 

4 SAF4 5.578 0.882 9.12 0.523 770.936 26.11 

5 SAF5 29.14 1.866 17.29 0.667 787.558 24.42 

6 SAF6 10.64 1.104 3.792 0.306 570.638 20.35 

7 SAF7 2.814 0.614 1.789 0.298 650.448 21.74 

8 SAF8 22.77 1.829 20.01 0.795 818.2 27.61 

9 SAF9 5.982 0.855 3.021 0.282 691.135 23.13 

10 SAF10 13.33 1.499 10.2 0.799 803.366 27.11 

11 SAF11 19.09 1.804 14.8 0.987 756.486 26.44 

12 SAF12 1.621 0.468 4.711 0.486 651.801 21.85 

13 SAF13 8.594 1.192 6.744 0.192 763.782 26.16 

14 SAF14 8.703 1.184 16.08 0.184 686.021 24.4 

15 SAF15 14.85 1.397 10.52 0.397 655.356 23.9 

16 SAF16 2.063 0.486 2.807 0.386 624.998 19.71 

17 SAF17 18.94 1.631 6.715 0.631 708.053 23.21 

18 SAF18 4.974 0.75 3.061 0.75 637.191 19.76 

19 SAF19 30.65 2.206 12.2 0.206 778.704 25.9 

20 SAF20 23.67 1.826 14.34 0.826 754.218 29.5 

Minimum 1.621 0.468 1.789 0.298 570.638 20.35 

Maximum 33.88 1.969 20.01 0.795 818.2 27.61 

Average ± S.D 14.1 1.29 9.705 0.593 709.007 23.76 

UNSCEAR [185] 35 45 412 
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Figure 4.19: The Peacific Activitey of      in  Fruit  Irrigated with Groundwater. 

 

 

Figure 4.20: Specific Activity of        in Fruit  Irrigated with Groundwater. 
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Figure 4.21: The Sapecific Activitey of      in Fruit  Irrigated with Groundwater. 

 

4.1.2.4  Compared btween the Average values of the Agricultural Soil, 

Tomato Plant and Fruit(Tomato Crop) which Irrigated with 

Groundwater 

       Figures (4.22), (4.23),and (4.24) present a comparison among the average 

specific activity of radioactive elements 
238

U, 
232

Th  and 
40

K   in agricultural 

soil, plants, and tomato crop irrigated with groundwater. 

      From Figure (4.22), it is evident that the average specific activity of (
238

U) 

in agricultural soil is higher compared to that in plants and fruits. Similarly, 

from Figure (4.23), it can be observed that the specific activity of (
232

Th) in 

agricultural soils is greater than that in plants and tomato crop. This difference 

in specific activity could be attributed to various factors, such as the nature of 

the soil, the excessive use of chemical fertilizers, the type of water used for 

irrigation, and the absorption mechanisms of plants and fruits of tomato. 

0

100

200

300

400

500

600

700

800

900

S
A

F
1

S
A

F
2

S
A

F
3

S
A

F
4

S
A

F
5

S
A

F
6

S
A

F
7

S
A

F
8

S
A

F
9

S
A

F
1

0

S
A

F
1

1

S
A

F
1

2

S
A

F
1

3

S
A

F
1

4

S
A

F
1

5

S
A

F
1

6

S
A

F
1

7

S
A

F
1

8

S
A

F
1

9

S
A

F
2

0

a
v

er
a

g
e

U
N

S
C

E
A

R

Spcific activity 

(Bq/Kg) 

Sample code 



 92 

Chapter Four   Results and Discussion 

 

      As for the figure (4.24), we can notice that the specific effectiveness of the  

40
K  element in the fruit (tomatoes) is much higher than that of plants and 

agricultural soils. This is due to the high absorption of the fruit (tomato) of 

40
K, which is used in agricultural fertilizers in a large and sometimes used 

excessive manner. 
40

K is considered one of the light elements compared to the 

elements 
238

U,
 235

U  and thus it has the ability to move higher than 
238

U, 
232

Th , 

so the plant absorbs it easily and its concentration becomes higher, and the 

fruit can absorb it from the plant and its concentration becomes higher than the 

plant[187-190]. 

 

 

    Figure 4.22: Compared the Average of Specific Activity of 238U for Agricultural Soil, 

Plant and Fruit which Irrigation with Groundwater. 
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   Figure 4.23: Compared the Average of Specific Activity of  232Th for Agricultural 

Soil, Plant and Fruit which Irrigation with Groundwater. 

 

 

Figure 4.24: Compared the Average  of Specific Activity of  40K  for Agricultural Soil, 

Plant and Fruit which Irrigation with Groundwater.   
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4.1.2.5   Gamma Emitters in Agricultural Soil Irrigated with Surface 

Water  

      Table (4.8) presents the results of measuring the natural radioactivity in 

selected agricultural soil samples irrigated with surface water in the study area. 

These values were compared to the allowable limits for specific activity, 

which are 35, 45 and 412 Bq/kg for (     ), (      ) and (    ) respectively 

[185]. 

      The specific activity of (     ), (      ) and (    ) were found within the 

following ranges: (     ) ranged from 5.4291±0.502 Bq/kg to 73.903±1.769 

Bq/kg, with average of 34.799±1.188 Bq/kg; (      ) ranging from 

8.8752±0.298 Bq/kg to 15.118±0.374 Bq/kg, with average of 12.205±0.336 

Bq/kg; and (    ) ranged from 603.426±5.905 Bq/kg to 922.167±7.037 Bq/kg, 

with average of 699.975±6.216.766 Bq/kg. The spaecific acteivity of (     ) 

ranged from 0.25±0.023 Bq/kg to 3.406±0.078 Bq/kg, with an average of 

1.604±0.059 Bq/kg. 

      It is noteworthy that the values of (     ) exceed the global averages, while 

the specific activity of (      ) is considerably lower than the global averages. 

Additionally, the specific activity of (    ) is significantly higher than the 

worldwide average [185]. 

      Table (4.9) provides the values of various parameters obtained from the 

measurement of natural radioactivity in selected agricultural soil samples 

irrigated with surface water. The parameters include      (Radium equivalent 

activity) in Bq/Kg,     (absorbed dose rate) in nGy/h,       (Internal hazard 

index),      (external hazard dose),    (Gamma index), and     (Alpha Index). 

The recorded values ranged from 63.068 to 170.03 Bq/Kg for     , from 

33.153 to 83.208 nGy/h for   , from 0.19 to 0.659 for    , from 0.17 to 0.459 
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for    , from 0.254 to 0.642 for   , and from 0.027 to 0.284 for I_α. The 

average values were 106.15±7.001 Bq/Kg for Ra_eq, 52.638±3.337 nGy/h for 

  , 0.381±0.031 for    , 0.287±0.019 for    , 0.41±0.025 for   , and 

0.174±0.022 for Iα. These average values are comparable to the worldwide 

average, and all values were lower than the worldwide average [186]. 

      Table (4.10) presents the values of exposure Exposure, AEDE (Annual 

Effective Dose Equivalent), AGED (Annual Gonadal Equivalent Dose),  and 

ELCR (Excess Lifetime Cancer Risk). The recorded values ranged from 

148.076 to 371.62 μR/h for exposure, from 0.157 to 0.408 mSv/y for AEDE, 

from 233.752 to 513.344 for AGED, and from 0.702 to 1.829 for ELCR. The 

average values were 238.43±14.539 μR/h for exposure, 0.258±0.016 mSv/y 

for AEDE, 378.336±23.225 for AGED, and 1.157±0.073 for ELCR. These 

average values are comparable to the worldwide average, and all values were 

lower than the worldwide average [187]. 

      The maps displayed in Figures (4.25,  4.26, 4.27 and 4.28) are illustrate the 

distribution of the average of specific activities for (   
   ,    

    ,   
   and 

  
   ) the average of specific activities in the selected agricultural soil irrigte 

with surface water samples, respectively. These maps were generated using 

Arc GIS 10.4.1 and a GIS methodology, utilizing distinct colors to 

differentiate between high, medium, and low levels . 

      Figures (4.29, 4.30 , 4.31 and 4.32) illustrate the distribution of specific 

activities for      ), (      ), (    ), and (
235

U) against the sample positions, 

respectively. Figure (4.29) and Figure (4.32) indicate that the highest values 

for (     ) and (
235

U), respectively, are lower than the worldwide average. The 

samples show significant variation in value and position, which can be 

attributed to fruit irrigation with groundwater. Figure (4.30) demonstrates that 
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the specific activity values of (      ) were found to be lower than the 

worldwide average, with significant variation in value and position. Finally, 

Figure (4.31) shows that the specific activity of (    ) is generally much higher 

than the worldwide average in the study area. 

      During a a comparison between the average sapecific acttivities of      ), 

(      ), and (    ). It is evident that the average specific activity of (    ) is 

significantly higher compared to      ) and (      ). This difference can be 

attributed to the excessive use of chemical fertilizers and the nature of the soil.  

            Tabe 4.8: Specific activity in Agricultural Soil Irrigated with Surface water. 

No. 
Sample 

code 

Specific activity in (Bq/Kg) 

                    

1 SB1 63.72 1.809 13.687 0.389 793.715 7.19 2.936 0.088 

2 SB2 44.554 1.471 11.277 0.343 694.772 6.54 2.053 0.069 

3 SB3 55.618 1.642 17.772 0.43 850.94 7.232 2.563 0.077 

4 SB4 30.295 1.175 9.9875 0.313 603.426 5.905 1.396 0.053 

5 SB5 24.175 1.017 11.378 0.324 634.345 5.868 1.114 0.045 

6 SB6 5.4291 0.502 8.8752 0.298 606.338 5.974 0.25 0.023 

7 SB7 73.903 1.769 17.567 0.4 922.167 7.037 3.406 0.078 

8 SB8 44.134 1.384 14.715 0.371 803.448 6.651 2.034 0.061 

9 SB9 27.821 1.105 12.689 0.346 757.881 6.495 1.282 0.049 

10 SB10 49.278 1.438 18.949 0.413 889.407 6.879 2.271 0.063 

11 SB11 16.141 0.829 10.143 0.305 640.957 5.885 0.744 0.036 

12 SB12 8.805 0.566 8.924 0.264 538.988 4.988 0.406 0.023 

13 SB13 33.859 1.174 12.074 0.325 694.036 5.986 1.560 0.050 

14 SB14 23.142 1.027 10.634   223 619.953 5.985 1.066 0.047 

15 SB15 26.18 1.098 8.9743 0.298 637.876 6.107 1.206 0.050 

16 SB16 17.87 0.802 9.399 0.27 573.277 5.113 0.824 0.032 

17 SB17 52.45 1.475 12.579 0.335 701.98 6.079 2.417 0.064 

18 SB18 18.506 0.874 10.309 0.303 649.872 5.836 0.853 0.038 
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19 SB19 56.706 1.563 15.118 0.374 735.597 6.339 2.613 0.069 

20 SB20 23.385 1.048 9.042 0.302 650.525 6.225 1.078 0.048 

Minimum 5.4291 0.502 8.8752 0.298 603.426 5.905 0.25 0.023 

Maximum 73.903 1.769 15.118 0.374 922.167 7.037 3.406 0.078 

Average ± S.D 34.799 1.188 12.205 0.336 699.975 6.216 1.604 0.059 

UNSCEAR 

[185] 
35 45 412 - 

 

 

Figure 4.25:  The Map of the Average of Specific Activities for       in Agricultural 

Soil Irrigatde with Surface water. 
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    Figure 4.26: The Map of the Average of Specific Activities for       in Agricultural 

Soil Irrigatde with Surface water. 

 

   Figure 4.27: The Map of the Average of Specific Activities for      in Agricultural 

Soil Irrigatde with Surface water. 
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Figure 4.28: The Map of the Average of Specific Activities for      in Agricultural 

Soil Irrigatde with Surface water. 

 

          Figure 4.29: The Specific Activity of       in Agricultural Soil Irrigated with 

Surface water. 
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         Figure 4.30: The Specific Activity of        in Agricultural Soil Irrigated with 

Surface water. 

 

     Figure 4.31:  The Specific Activity of       in Agricultural Soil Irrigated with 

Surface water. 
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Figure 4.32:  The Specific Activity of        in Agricultural Soil Irrigated with 

Surface water. 

 

      Tabe  4.9: Results     ,   ,    ,    ,    and     in Agricultural Soil Irrigatde with 

Surface water. 

              
   

        
     

(Bq/kg) 

Sample 

code 
No. 

0.319 0.545 0.39 0.562 70.804 144.409 SB1 1 

0.223 0.436 0.308 0.429 56.367 114.178 SB2 2 

0.278 0.558 0.396 0.546 71.914 146.555 SB3 3 
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0.139 0.409 0.282 0.357 52.121 104.323 SB9 9 

0.246 0.555 0.391 0.524 71.3 144.859 SB10 10 

0.081 0.318 0.216 0.26 40.312 80.000 SB11 11 
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0.044 0.254 0.17 0.194 31.934 63.068 SB12 12 

0.169 0.405 0.282 0.374 51.877 104.566 SB13 13 

0.116 0.337 0.232 0.295 42.967 86.085 SB14 14 

0.131 0.345 0.238 0.309 44.115 88.129 SB15 15 

0.089 0.298 0.204 0.252 37.839 75.452 SB16 16 

0.262 0.472 0.336 0.478 61.103 124.491 SB17 17 

0.093 0.33 0.225 0.275 41.876 83.288 SB18 18 

0.284 0.51 0.365 0.518 66.004 134.965 SB19 19 

0.117 0.34 0.233 0.297 43.392 86.405 SB20 20 

0.027 0.254 0.17 0.19 33.153 63.068 Minmum 

0.284 0.642 0.459 0.659 83.208 170.03 Maxmum 

0.174  

0.022 

0.41  

0.025 

0.287  

0.019 

0.381  

0.031 

52.638  

3.337 

106.15  

7.001 
Average + S.D  

 1  1  1  1  55  370 UNSCEAR [186] 

 

      Tabe 4.10: Exposure, AEDE, AGED and ELCR of Agricultural Soil Irrigatde with 

Surface water. 

ELCR×     
AGED 

(mSv/y) 

     
        

Exposure 

(μR/h) 

Sample 

code 
No. 

1.556 503.335 0.347 316.029 SB1 1 

1.239 402.97 0.277 253.325 SB2 2 

1.58 513.344 0.353 323.428 SB3 3 

0.993 324.834 0.222 204.599 SB4 4 

0.978 321.448 0.218 202.986 SB5 5 

0.729 244.265 0.163 154.792 SB6 6 

1.829 591.348 0.408 371.62 SB7 7 

1.38 450.166 0.308 283.63 SB8 8 

1.145 376.982 0.256 237.945 SB9 9 

1.567 510.749 0.35 322.277 SB10 10 
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0.886 293.537 0.198 185.542 SB11 11 

0.702 233.752 0.157 148.076 SB12 12 

1.14 373.023 0.254 235.108 SB13 13 

0.944 310.627 0.211 196.09 SB14 14 

0.969 318.7 0.216 200.71 SB15 15 

0.832 274.515 0.186 173.394 SB16 16 

1.343 435.075 0.3 273.419 SB17 17 

0.92 304.337 0.205 192.259 SB18 18 

1.45 469.391 0.324 295.286 SB19 19 

0.954 314.32 0.213 198.083 SB20 20 

0.702 233.752 0.157 148.076 Minmum 

1.829 513.344 0.408 371.62 Maxmum 

1.157 0.073 378.336 23.225 0.258 0.016 
238.43  

14.539 
Average + S.D  

2.5 300    ............. 
World Wide 

average[187] 

 

4.1.2.6 Gamma Emitters in Plant Irrigtated with Surface Water 

      Table (4.11) presents the results of measuring the natural radioactivity in 

selected plant samples irrigated with surface water in the study area. These 

values were compared with the allowable limits for     ,           , which 

are 35, 45 and 412 [186].  

      The results are as follows: The spaecific acttivity of (      , ranging from 

1.446±0.2 Bq/kg to 94.47±4.19 Bq/kg, with average of 27.08±1.89 Bq/kg. The 

spaecific activity of (         ranging from 0.832±0.186 Bq/kg to 66.6±2.38 

Bq/kg, with average of 14.21±0.688 Bq/kg. The spaecific activity of (       

ranged from 97.2692±3.458 Bq/kg to 967.053 25.964 Bq/kg, with average of 

416.053 15.321 Bq/kg. 
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      The recorded values for (        were lower than the global averages, while 

the values for         were much lower than the global averages. On the other 

hand, the spaecific acttivity of (       was a higher than the global averages. 

These values deviate from the worldwide average [186]. 

      Figures (4.33, 4.34 and 4.35), illustrate the distribution of specific 

activities across different sample positions for       ,          and     ) 

respectively. In Figure (4.33) was evident that the majority of samples values 

for        was below the worldwide average. These values are primarily 

located at the beginning and end of the study area. However, there is a few 

samples with higher values that are dispersed within the study area, both in 

terms of position and magnitude. These elevated values are in relation to the 

study area near the plant irrigation with surface water. 

      Moving on to Figure (4.34), it can be noted that the distribution of         

values, which exhibit divergent values and positions across the samples. 

Notably, two sample values exceed the worldwide average for        . 

      Figure (4.35) focuses on the distribution of       activities. It reveals that 

the majority of sample values are higher than the worldwide average and 

exhibit significant variability, particularly in the middle of the study area. This 

observation can be attributed to the excessive use of chemical fertilizers and 

the characteristics of the soil.       is a lighter element compared to        

and          which enables it to move more easily. Consequently, plants 

readily absorb      , leading to higher concentrations. 

      Lastly, a comparison between the average specific activities of       , 

        and     ). It is evident that the average specific activity of       is 

considerably higher than that of        and        . This disparity can be 
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attributed to the excessive use of chemical fertilizers and the nature of the 

soil.      , being a lighter element compared to       , exhibits a higher 

mobility, which facilitates its absorption by plants and results in higher 

concentrations. 

Tabe 4.11: Specific Activity in Plant Irrigated with Surface water. 

No. 
Sample 

code 

Specific activity in (Bq/Kg) 

               

1 SBP1 5.417 1.02 0.832 0.186 454.311 18.288 

2 SBP2 9.541 1.25 12.92 0.676 454.324 16.864 

3 SBP3 11.44 1.19 4.894 0.362 358.45 13.021 

4 SBP4 4.15 0.91 4.039 0.414 294.899 14.893 

5 SBP5 66.34 3.69 52.56 1.998 831.179 23.535 

6 SBP6 80.32 4.15 43.86 1.867 967.053 25.964 

7 SBP7 21.72 2.01 4.632 0.43 396.574 16.737 

8 SBP8 38.01 2.56 10.07 0.612 427.945 16.774 

9 SBP9 23.18 1.76 10.55 0.552 322.06 12.815 

10 SBP10 15.12 1.79 1.741 0.282 401.499 18.038 

11 SBP11 18 1.85 2.242 0.302 397.409 16.927 

12 SBP12 77.27 4.21 66.6 2.38 941.962 26.512 

13 SBP13 12.09 1.38 9.355 0.562 129.496 8.795 

14 SBP14 19.15 1.92 6.951 0.538 426.909 17.728 

15 SBP15 94.47 4.19 27.35 1.045 663.101 21.642 

16 SBP16 4.963 0.39 1.431 0.098 41.6044 2.2231 

17 SBP17 1.446 0.2 1.114 0.083 44.3466 2.2091 

18 SBP18 4.796 1.02 13.56 0.797 401.471 18.251 

19 SBP19 26.93 1.9 5.418 0.396 269.205 11.745 

20 SBP20 7.336 0.49 4.095 0.196 97.2692±3.4587 

Minimum 1.446 0.2 0.832 0.186 97.2692±3.4587 

Maximum 94.47 4.19 66.6 2.38 967.053 25.964 

Average ± S.D 27.08 1.89 14.21 0.688 416.053 15.321 

UNSCEAR [185] 35 45 412 
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  Figure 4.33: The Specific Activity of        in Plants Irrigated with Surface water 

was Measured. 

 

  Figure 4.34: The Specific Activity of         in Plants Irrigated with Surface water 

was Measured. 

 

0

10

20

30

40

50

60

70

80

90

100

S
B

P
1

S
B

P
2

S
B

P
3

S
B

P
4

S
B

P
5

S
B

P
6

S
B

P
7

S
B

P
8

S
B

P
9

S
B

P
1

0

S
B

P
1

1

S
B

P
1

2

S
B

P
1

3

S
B

P
1

4

S
B

P
1

5

S
B

P
1

6

S
B

P
1

7

S
B

P
1

8

S
B

P
1

9

S
B

P
2

0

a
v

er
a

g
e

W
o
r
ld

 W
id

e
 A

v
er

a
g

e

Spacific activity 

(Bq/Kg) 

Sample code 

0

10

20

30

40

50

60

70

S
B

P
1

S
B

P
2

S
B

P
3

S
B

P
4

S
B

P
5

S
B

P
6

S
B

P
7

S
B

P
8

S
B

P
9

S
B

P
1

0

S
B

P
1

1

S
B

P
1

2

S
B

P
1

3

S
B

P
1

4

S
B

P
1

5

S
B

P
1

6

S
B

P
1

7

S
B

P
1

8

S
B

P
1

9

S
B

P
2

0

a
v

er
a

g
e

W
o
r
ld

 W
id

e
…

Spacific activity 

(Bq/Kg) 

Sample code 



 107 

Chapter Four   Results and Discussion 

 

 

    Figure 4.35: The Specific Activity of       in Plants Irrigated with Surface water 

was Measured by NaI(TI). 

 

4.1.2.7  Results of Gamma Emitters in Fruit Irrigtated with Surface 

Water 

      The natural radioactivity of specific fruits irrigated with surface water 

samples in the study area was measured and campared to the permissible limits 

for     ,         , as indicated in references [185]. The results, presented in 

Table (4.12), illustrate the specific activities of       ,                  . 

For       , the spaecific activity ranged, from 1.822±0.47 Bq/kg to 

32.03±1.935 Bq/kg, with average of 14.77±1.276 Bq/kg. Regarding          

the spaecific activity ranged, from 1.650±0.268 Bq/kg to 20.044±0.748 Bq/kg, 

with  average of 9.157±0.535 Bq/kg. The spaecific activity of       ranged, 

from 350.891 11.42 Bq/kg to 734.626 18.516 Bq/kg, with average of 

501.38 14.611 Bq/kg. Lastly,  

      Comparing these values to global averages[185], it can be observed that 

the spaecific acttivities of        is lower, while         is significantly lower 
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than the global averages. On the other hand,       exhibits significantly 

higher specific activity compared to the worldwide average [185].       

      Figures (4.36, 4.37 and 4.38) depict the distribution of specific activities 

against sample positions for       ,                    respectively. In 

Figure (4.36) the values for        in the samples are below the worldwide 

average. The positions and values of the samples from fruit irrigation with 

surface water exhibit variation and contrast. Figure (4.37) demonstrates that 

the values of         in the samples exhibit diverse positions and close values. 

Finally, Figure (4.38) illustrates the distribution of       activities, with most 

sample values surpassing the worldwide average and being close in proximity, 

particularly in the middle of the specified area. 

      Moving on to a comparison between the average specific activities of 

      ,                  . Notably, the average specific activity of       is 

significantly higher compared to        and        . This disparity can be 

attributed to the excessive use of chemical fertilizers and the soil's 

characteristics.       is considered a lighter element compared to       , 

allowing it to move more freely. As a result, plants easily absorb      , 

leading to higher concentrations, particularly in fruits such as tomatoes. This 

higher concentration of       in fruits compared to other elements has been 

reported in references [187-190]. 
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Table 4.12:  Results of Specific Activity in Fruit  Irrigated with Surface water. 

No. 
Sample 

code 

Specific activity in (Bq/Kg) 

               

1 SBF1 7.138 0.879 14.147 0.574 658.422 16.462 

2 SBF2 10.73 1.037 10.569 0.477 526.425 14.172 

3 SBF3 32.03 1.935 13.857 0.59 605.239 16.409 

4 SBF4 4.45 0.722 1.650 0.268 417.111 12.609 

5 SBF5 24.69 1.654 11.543 0.689 397.535 11.97 

6 SBF6 9.46 1.078 8.431 0.62 436.374 13.209 

7 SBF7 9.229 1.001 1.985 0.215 442.581 13.523 

8 SBF8 21.83 1.636 14.327 0.615 734.626 18.516 

9 SBF9 25.38 2.012 14.505 0.927 542.042 16.779 

10 SBF10 10.02 1.017 5.8879 0.362 460.295 13.45 

11 SBF11 6.968 0.892 11.103 0.686 350.891 11.422 

12 SBF12 6.694 0.879 5.0162 0.353 489.216 14.659 

13 SBF13 1.822 0.47 4.8219 0.466 463.471 13.537 

14 SBF14 7.148 1.001 8.5034 0.506 479.73 15.996 

15 SBF15 20.6 1.634 20.044 0.748 730.568 19.032 

16 SBF16 21.26 1.766 11.86 0. 803 506.207 15.544 

17 SBF17 11.02 1.175 3.205 386 422.034 13.115 

18 SBF18 27.68 1.993 5.426 0.537 418.4 13.975 

19 SBF19 7.564 0.868 7.687 0.406 433.139 12.808 

20 SBF20 29.69 1.863 8.576 0.464 509.301 15.052 

Minimum 1.822 0.47 1.650 0.268 350.891 11.42 

Maximum 32.03 1.935 20.044 0.748 734.626 18.516 

Average ± S.D 14.77 1.276 9.157 0.535 501.38 14.611 

UNSCEAR [185] 35 45 412 
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Figure 4.36: The Specific Activity of        in Fruits Irrigated with Surface water. 

 

 

Figure 4.37: The Specific Activity of         in Fruits Irrigated with Surface water. 

 

0

5

10

15

20

25

30

35

40

S
B

F
1

S
B

F
2

S
B

F
3

S
B

F
4

S
B

F
5

S
B

F
6

S
B

F
7

S
B

F
8

S
B

F
9

S
B

F
1

0

S
B

F
1

1

S
B

F
1

2

S
B

F
1

3

S
B

F
1

4

S
B

F
1

5

S
B

F
1

6

S
B

F
1

7

S
B

F
1

8

S
B

F
1

9

S
B

F
2

0

a
v

er
a

g
e

W
o
r
ld

 W
id

e
 A

v
er

a
g

e

Spacific activity 

(Bq/Kg) 

Sample code 

0

5

10

15

20

25

30

35

40

45

50

S
B

F
1

S
B

F
2

S
B

F
3

S
B

F
4

S
B

F
5

S
B

F
6

S
B

F
7

S
B

F
8

S
B

F
9

S
B

F
1

0

S
B

F
1

1

S
B

F
1

2

S
B

F
1

3

S
B

F
1

4

S
B

F
1

5

S
B

F
1

6

S
B

F
1

7

S
B

F
1

8

S
B

F
1

9

S
B

F
2

0

a
v

er
a

g
e

W
o
r
ld

 W
id

e
 A

v
er

a
g

e

Spacific activity 

(Bq/Kg) 

Sample code 



 111 

Chapter Four   Results and Discussion 

 

 

Figure 4.38: The Specific Activity of       in Fruits Irrigated with Surface water. 
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         The average specific activity values of radioactive elements, including 
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fruits irrigated with surface water, as shown in Figure (4.39), Figure (4.40),  

and Figure (4.41). 

     Figure (4.39), it is evident that the average of spaecific acttivity values, of 

       in agricultural soil are higher compared to plants and fruits 
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utilized for irrigation. It can be observed that plants exhibit lower absorption 

of        compared to fruits (tomatoes). 

     Furthermore, Figure (4.40) demonstrates that the average specific activity 

value of         in plants is higher than that in agricultural soil and fruits 

(tomatoes). This discrepancy could be due to the plant's greater capacity for 

absorbing          compared to fruits (tomatoes). 

       Also from the Figure (4.41),  it can be noted that, the average specific 

activity value of         is higher than agricultural soil and fruits (tomatoes). 

This may be due to This is due to the high absorption of the fruit (tomato) of 

     , which is used in agricultural fertilizers in a large and sometimes used 

excessive manner. 

 

 

   Figure 4.39: Compared the Average of Specific Activity of  238U for Agricultural Soil, 

Plant and Fruit which Irrigation with Surface water. 
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 Figure 4.40: Compared the Average of Specific Activity of  232Th for Agricultural Soil, 

Plant and Fruit which Irrigation with Surface water. 

 

 

Figure 4.41: Compared the Average of Specific Activity of   40K  for Agricultural Soil, 

Plant and Fruit which Irrigation with Surface water. 
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4.1.3  Results of Alpha Emitters by Using CR-39  

      In this section of the study was to measure radon concentrations in selected 

samples from agricultural soil  which irrigation with groundwater at depth 

(15cm) and   measured  by CR-39. The results of the radon   concentration in 

soil for (20)  samples   in agricultural soil  which irrigation with groundwater, 

and (20) samples in agricultural soil  which irrigation with surfacewater. Also 

the results of the radon concentration in fruit (tomato crop) for  ( 20) samples 

in fruit which irrigation with groundwater, and (20) samples in fruit (tomato 

crop)  which irrigation with surfacewater. Was measured  Radon in air space , 

Radon concentration within the sample , Activity concentration of radium and 

it was compared with World wide average [191-192]. 

4.1.3.1 Results of alpha Emitters in agricultural soil irrigtation with 

groundwater     

      The results are presented in Table (4.13), which provides a summary of the 

findings. It is evident that the measurements of (       ) in the air space 

indicate certain observations from 8.97       to 35.81       with the 

average 16.997 2.188      , and      concentration within samples from 

366.02       to 1196.13       with the average 680.527 89.3086      ,  

activity concentration of     
 from 58.586        to 210.841        with 

the average 107.484 13.323       .  The all results, were compared with 

the Worldwiede average[191-193]. 

      Based on Figure (4.42), it is evident that the Radon concentration in the air 

space is lower than the worldwide average [291]. Figure (4.43) shows that the 

Radon concentration within the sample is also lower than the worldwide 

average [292]. Additionally, Figure (4.44) indicates that the activitys 

concenttration of radium, is lower than the worldwide average [193]. 
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   Table 4.13: Radon Concentrations, Radon in Air Space, Activity Concentration of 

Radium of Agricultural Soils Irrigated with Groundwater. 

No. Sample code 

Radon  

in air space 

(Bq/  ) 

Radon 

concentrations 

within the sample 

(Bq/  ) 

Activity 

concentration  

of radium  

(mBq/kg) 

1 SA1 20.92 854.05 109.361 

2 SA2 17.94 732.04 110.280 

3 SA3 35.81 2196.13 210.841 

4 SA4 16.44 671.04 101.090 

5 SA5 25.41 1037.06 165.995 

6 SA6 16.44 671.04 114.569 

7 SA7 14.95 610.03 97.644 

8 SA8 10.46 427.02 68.351 

9 SA9 11.96 488.03 73.520 

10 SA10 23.91 976.06 147.040 

11 SA11 20.92 854.05 121.513 

12 SA12 8.97 366.02 58.586 

13 SA13 14.20 579.53 106.013 

14 SA14 13.45 549.03 82.710 

15 SA15 10.46 427.02 68.351 

16 SA16 16.44 671.04 107.408 

17 SA17 15.69 640.54 109.361 

18 SA18 13.45 549.03 87.880 

19 SA19 19.43 793.05 135.400 

20 SA20 12.70 518.73 73.775 

Minmum 8.97 366.02 58.586 

Maxmum 35.81 1196.13 210.841 

Average + S.D 16.997 2.18 680.527 89.30 107.484 13.32 

World Wide average 100(Bq/  ) [191] 200(Bq/  ) [192] 30 (Bq/kg) [193] 
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Figure 4.42: Radon in Air Space of Agricultural Soils  Irrigated with Groundwater. 

 

 
 

Figure 4.43: Radon Concentration of  Agricultural Soil  Irrigated with Groundwater. 
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       Figure 4.44: Activity Concentration of Radium of Agricultural Soil Irrigated with 

Groundwater. 

 

4.1.3.2  Alpha Emitters in Fruit Irrigated with Groundwater 
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with the average 730.516 52.339      ,  Activity concentration of radium 

from 156.230        to 468.691        with the average 
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        The results obtained were compared with the worldwide average. Figure 

(4.45) illustrates that the radon concentration in the air space is lower than the 

worldwide average [191]. Figure (4.46) indicates that the radon concentration 

within the sample is higher or lower than the worldwide average [192]. Lastly, 

Figure (4.47) demonstrates that the activityes concenttration of radium, is 

lower than the worldwide average [193]. 
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Table 4.14: Radon concentration,       in Air Space, Activity Concentration of  

      of Fruit(tomato) Irrigated with Groundwater. 

No. 
Sample 

code 

Radon  

in air space 

(Bq/  ) 

Radon 

concentration 

within the sample 

(Bq/  ) 

Activity 

concentration  

of radium  

(mBq/kg) 

1 SAF1 10.46 427.02 156.230 

2 SAF2 11.96 488.03 208.307 

3 SAF3 14.20 579.53 212.027 

4 SAF4 14.95 610.03 223.186 

5 SAF5 13.45 549.03 200.868 

6 SAF6 12.70 518.53 221.326 

7 SAF7 11.96 488.03 208.307 

8 SAF8 17.94 732.04 312.461 

9 SAF9 16.44 671.04 245.505 

10 SAF10 14.95 610.03 223.186 

11 SAF11 15.69 640.54 234.346 

12 SAF12 26.90 1098.06 468.691 

13 SAF13 25.41 1037.06 442.653 

14 SAF14 19.43 793.05 338.499 

15 SAF15 16.44 671.04 245.505 

16 SAF16 31.39 1281.07 468.691 

17 SAF17 17.94 732.04 267.824 

18 SAF18 23.91 976.06 357.098 

19 SAF19 19.43 793.05 290.142 

20 SAF20 22.42 915.05 390.576 

Minmum 10.46 427.02 156.230 

Maxmum 31.39 1281.07 468.691 

Average + S.D 17.898 1.282 730.516 52.339 285.771 21.747 

World Wide average 100(Bq/  ) [191] 200(Bq/  ) [192] 30 (Bq/kg)[193] 

 



 119 

Chapter Four   Results and Discussion 

 

 

Figure 4.45: Radon in Air Space of Fruit  Irrigated with Groundwater. 

 

 

Figure 4.46: Radon Concentration of  Fruit  Irrigated with Groundwater. 
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Figure 4.47: Activity Concentration of Radium of   Fruit  Irrigated with Groundwater. 
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worldwide average [192]. Furthermore, Figure (4.50) demonstrates that the 

activityes concenttration of radium, is lower than the worldwide average [193]. 

 Table 4.15: Radon Concentration,       in Air Space, Activity Concentration of  

      of Agricultural Soils Irrigated with Surface water. 

No. 
Sample 

code 

Radon  

in air space 

(Bq/  ) 

Radon 

concentration 

within the sample 

(Bq/  ) 

Activity 

concentration  

of radium  

(mBq/kg) 

1 SB1 20.92 854.05 168.248 

2 SB2 27.65 1128.56 206.447 

3 SB3 26.16 1067.56 195.288 

4 SB4 13.45 549.03 117.173 

5 SB5 23.91 976.06 227.244 

6 SB6 11.96 488.03 96.142 

7 SB7 20.18 823.55 162.239 

8 SB8 20.92 854.05 156.230 

9 SB9 31.39 1281.07 234.346 

10 SB10 17.94 732.04 144.213 

11 SB11 34.38 1403.08 256.664 

12 SB12 25.41 1037.06 177.061 

13 SB13 26.90 1098.06 200.868 

14 SB14 19.43 793.05 156.230 

15 SB15 23.91 976.06 208.307 

16 SB16 25.41 1037.06 189.708 

17 SB17 28.40 1159.07 212.027 

18 SB18 29.15 1189.57 253.874 

19 SB19 23.91 976.06 192.284 

20 SB20 13.45 549.03 100.434 

Minmum 11.96 488.03 96.142 

Maxmum 34.38 1281.07 256.664 

Average + S.D 23.241 1.378 948.605 56.251 182.751 10.525 

World Wide average 100(Bq/  ) [191] 200(Bq/  ) [192] 30 (Bq/kg)[193] 
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Figure 4.48: Radon in Air Space of Agricultural Soil Irrigated with Surface water. 

        

 

 Figure 4.49: Radon Concentration within Sample of Agricultural Soil Irrigated with 

Surface water. 
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Figure 4.50: Activity Concentration of Radium of Agricultural Soil Irrigated with 

Surface water. 
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demonstrates that the activityes concenttration of radium, is hight than the 

worldwide average [193]. 

 Table 4.16:  Radon Concentration,       in Air Space, Activity Concentration of  

      of Fruit (tomato)  Irrigated with Surface water. 

 

No. 
Sample 

code 

Radon  

in air space 

(Bq/  ) 

Radon 

concentration 

within the sample 

(Bq/  ) 

Activity 

concentration  

of radium  

(mBq/kg) 

1 SBF1 20.18 823.55 301.302 

2 SBF2 14.20 579.53 212.027 

3 SBF3 11.96 488.03 178.549 

4 SBF4 13.45 549.03 200.868 

5 SBF5 11.96 488.03 178.549 

6 SBF6 12.70 518.53 147.551 

7 SBF7 14.95 610.03 173.589 

8 SBF8 17.94 732.04 267.824 

9 SBF9 11.21 457.53 167.390 

10 SBF10 17.19 701.54 256.664 

11 SBF11 15.69 640.54 234.346 

12 SBF12 17.94 732.04 267.824 

13 SBF13 18.68 762.54 278.983 

14 SBF14 19.43 793.05 290.142 

15 SBF15 8.97 366.02 133.912 

16 SBF16 13.45 549.03 200.868 

17 SBF17 10.46 427.02 156.230 

18 SBF18 21.67 884.55 283.168 

19 SBF19 16.44 671.04 245.505 

20 SBF20 11.96 488.03 178.549 

Minmum 10.46 366.02 133.912 

Maxmum 21.67 884.55 312.461 

Average + S.D 15.02 0.827 756.92 33.771 218.25 12.371 

World Wide average 100(Bq/  ) [191] 200(Bq/  ) [192] 30 (Bq/  ) [193] 
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        Figure 4.48: Radon in Air Space of Fruit (tomato crop)  which Irrigated with 

Surface water. 

 

Figure 4.49: Radon Concentration within Sample of  Fruit (tomato crop)  which 

Irrigated with Surface water. 
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        Figure 4.50:  Activity Concentration of Radium of Fruit (tomato crop)  which 

Irrigated Surface water. 
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      ranged from 0.239 to 2.205, with an average of 0.885±0.158.      

ranged from 0.462 to 1.368, with an average of 0.781±0.182.  

       The research findings of this study indicate, that the transfer factors (TF) 

of     ,       and       as shown in Figure (4.54), are mostly less than 1. 

This implies that the average spaecific activityes concenttrations of      and 

      in plants are low than those in the soil. On the other hand, the transfer 

factors of    
    in the agricultural soil exhibit higher values compared to     , 

and      . In fact, all the transfer factors of      
   in this area were found to be 

greater than 1.  

      This can be interpreted as    
    is classified as a light element, whereas 

     and       are considered heavy elements. As a result,    
   exhibits 

greater mobility than      and      , and       has greater mobility than 

    . Furthermore, the water solubility of    
   is greater than that of      and 

      [187-190]. 

        The average spaecific activityes concenttrations of     ,       and     ,  

in plant crops were found, to be largely independent of their concentrations in 

the soil. This can be attributed to various physiochemical characteristics of the 

soil that affect the transfered of radioactives nucalides froms the soil to plants. 

Factors such as the soil's organic matter content, availability of nuclides to the 

plant,  K (potassium)  contentes, cationes exchange capacity, Ca (Calcium) 

content, and organicce mattere contente play significant roles in this transfer 

process [194,195].  
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Tabe  4.17:   Transfer Factor  of     ,       and       from   Agricultural Soil to Plant 

which Irrigte with Groundwater. 

No. 
Sample 

code 

Transition Factor 

               

1 SAPT1 0.641 0.286 0.615 

2 SAPT2 0.475 0.531 0.571 

3 SAPT3 0.149 0.494 0.675 

4 SAPT4 0.473 1.194 0.788 

5 SAPT5 0.096 0.241 0.704 

6 SAPT6 0.681 1.955 1.128 

7 SAPT7 0.218 0.282 0.485 

8 SAPT8 0.131 0.267 0.728 

9 SAPT9 1.148 1.663 0.982 

10 SAPT10 0.217 0.364 0.462 

11 SAPT11 0.034 0.769 0.737 

12 SAPT12 2.781 2.236 1.202 

13 SAPT13 0.391 0.239 0.42 

14 SAPT14 0.024 0.325 0.531 

15 SAPT15 0.218 0.56 0.78 

16 SAPT16 0.936 1.601 1.141 

17 SAPT17 0.193 0.878 1.004 

18 SAPT18 0.877 1.003 0.885 

19 SAPT19 1.349 2.205 1.368 

20 SAPT20 0.88 1.312 0.768 

Minimum 0.034 0.239 0.462 

Maximum 1.349 2.205 1.368 

Average ± S.D 0.538 0.147 0.885 0.158 0.781 0.182 
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Figure 4.54:  Comparison Average TF of      ,           from Agricultural 

Soil to Plant which Irrigated with Groundwate. 
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      This can be interpreted as    
   being classified as a light element, while 

     and       are considered heavy elements. Consequently,    
   exhibits 

higher mobility compared to      and      , and        has greater mobility 

than     . Additionally,    
   has greater water solubility compared to     , 

and       [187-190]. 

Table 4.18:   The Transfer Factor of      ,       and       from   Agricultural soil to 

Fruit which Irrigated with Groundwater. 

No. Sample code 
Transition factor 

               

1 SAFT1 0.094 0.339 0.942 

2 SAFT2 0.828 1.211 1.273 

3 SAFT3 1.002 1.206 1.1 

4 SAFT4 0.14 0.569 1.097 

5 SAFT5 0.905 1.42 1.175 

6 SAFT6 0.439 0.257 0.816 

7 SAFT7 0.067 0.109 0.861 

8 SAFT8 0.764 2.311 1.66 

9 SAFT9 0.182 0.251 1.021 

10 SAFT10 0.747 0.736 1.199 

11 SAFT11 0.424 0.968 1.231 

12 SAFT12 0.088 0.444 1.243 

13 SAFT13 0.224 0.494 1.116 

14 SAFT14 0.203 1.001 0.946 

15 SAFT15 0.707 1.002 1.512 

16 SAFT16 0.041 0.212 1.001 

17 SAFT17 0.504 0.559 1.262 

18 SAFT18 0.114 0.258 1.077 

19 SAFT19 1.173 1.197 1.798 

20 SAFT20 0.901 1.794 1.971 

Minimum 0.094 0.109 0.816 
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Maximum 1.173 2.311 1.971 

Average ± S.D 0.427 0.084 0.757 0.134 1.169 0.350 

 

       

 

Figure 4.55:  Comparison Average TF of      ,           from Agricultural Soil to 

Fruit which Irrigated with Groundwate. 

 

4.1.4.3  The Transfer Factor from  Agricultural soil to plant which 

Irrigated with Surface Water 

      The results are summarized in Table (4.19). The table shows the ranges 

and average transfer factors (TF) for     ,       and     . The TF ranges 

were from 0.085 to 4.79 with an average of 1.651 0.838 for     , from 0.061 

to 7.463 with an average of 1.392±0.464 for      , from 0.19 to 1.748 with an 

average of 0.621±0.320 for     . 
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      The findings of this study indicate that the transfer factors of      ,       

and      had high values. This suggests that the average specific activity 

concentrations of      and       in plants are higher than in the soil and 

greater than one. Figure (4.56) illustrates this trend. 

        The (TF) from agricultural soil to plant crops for      and      , were 

higher compared to those for     . This can be attributed to the mobility of 

thorium, which is absorbed by cell walls in plants [192]. 

Tabe  4.19:   Transfer Factor of      ,       and      from   Agricultural Soil to Plant 

which Irrigated with Surface water. 

No. Sample code 

Transition Factor 

               

1 SBPT1 0.085 0.061 0.572 

2 SBPT2 0.214 1.145 0.654 

3 SBPT3 0.206 0.275 0.421 

4 SBPT4 0.137 0.404 0.489 

5 SBPT5 2.744 4.62 1.31 

6 SBPT6 4.79 4.942 1.595 

7 SBPT7 0.294 0.264 0.43 

8 SBPT8 0.861 0.685 0.533 

9 SBPT9 0.833 0.832 0.425 

10 SBPT10 0.307 0.092 0.451 

11 SBPT11 1.115 0.221 0.62 

12 SBPT12 8.775 7.463 1.748 

13 SBPT13 0.357 0.775 0.187 

14 SBPT14 0.828 0.654 0.689 

15 SBPT15 3.609 3.048 1.04 

16 SBPT16 0.278 0.152 0.073 

17 SBPT17 0.028 0.089 0.063 

18 SBPT18 0.259 1.315 0.618 
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19 SBPT19 0.475 0.358 0.366 

20 SBPT20 0.314 0.453 0.15 

Minimum 0.085 0.061 0.063 

Maximum 4.79 7.463 1.748 

Average ± S.D 1.651 0.838 1.392 0.464 0.621±0.320  

 

 

Figure 4.56: Comparison Average TF of     ,       and      from Agricultural Soil 

to Plant which Irrigated with Surface Water. 

 

4.1.4.4  The Transfer Factor from Agricultural Soil to Fruit which 

Irrigated with Surface Water 

     The results are summarized in Table (4.20). The table presents the ranges 

and average transfer factors (TF) for     ,       and     . The TF ranges 

were from 0.054 to 1.742 with an average of 0.424±0.117 for     , from 0.255 

to 2.234 with an average of 0.750±0.111 for      , from 0.288 to 0.691 with 

an average of 0.435±0.109 for     . 
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      The resultes of this studyes indicates that the (TF) of      and       , in 

most samples were less than 1. This suggests that the average specific activity 

concentrations of      and        in plants are lower than those in the soil. 

Conversely, the transfer factors of      in the agricultural soil recorded lower 

values compared to      and      , as all the transfer factors in this area were 

greater than 1, as shown in Figure (4.57). 

      The findings of this study's research demonstrate that the transfer factors of 

      ,    
  and       in most samples are less than (1). This indicatres that, 

the averge of spacific activityes concenttrations of      ,     
   and        in 

plants are less than those in the soil. So all the transfer factors of       , 

   
  and       in this area were less than one Figure (4.57) .  

       This can be interpreted as    
    is classified as a light element, whereas 

     and       are considered heavy elements. As a result,    
   exhibits 

greater mobility than      and      , and       has greater mobility than 

    . Furthermore, the water solubility of    
   is greater than that of      and 

       so that the specific activity of    
   is higher[187-190].  
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Tabe  4.20:  Transfer Factor of      ,       and      from   Agricultural Soil to Fruit 

which Irrigated with Surface Water. 

No. 
Sample 

code 

Transition Factor 

               

1 SBFT1 0.112 1.034 0.498 

2 SBFT2 0.241 0.937 0.455 

3 SBFT3 0.576 0.78 0.427 

4 SBFT4 0.147 0.165 0.415 

5 SBFT5 1.021 1.014 0.376 

6 SBFT6 1.742 0.95 0.432 

7 SBFT7 0.125 0.113 0.288 

8 SBFT8 0.495 0.974 0.549 

9 SBFT9 0.912 1.143 0.429 

10 SBFT10 0.203 0.311 0.311 

11 SBFT11 0.432 1.095 0.328 

12 SBFT12 0.76 0.562 0.545 

13 SBFT13 0.054 0.399 0.401 

14 SBFT14 0.309 0.8 0.464 

15 SBFT15 0.787 2.234 0.691 

16 SBFT16 1.19 1.262 0.53 

17 SBFT17 0.21 0.255 0.361 

18 SBFT18 1.496 0.526 0.386 

19 SBFT19 0.133 0.508 0.353 

20 SBFT20 1.27 0.948 0.47 

Minimum 0.054 0.255 0.288 

Maximum 1.742 2.234 0.691 

Average ± S.D 0.424 0.117 0.7503 0.111 0.435 0.109 
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           Figure 4.57: Comparison  Average  TF  of      ,         and           from               

Agricultural Soil to Fruit which Irrigated with Surface water. 

 

4.1.4.5  Comparison Transfer Factors (TF)  

       Comparison Transfer Factors (TF) of     ,      ,      and 

      different agricultural soil, plant and fruit which irrigtation with 

groundwater and surfacewater 

4.1.4.5.1 Comparison TFs of agricultural soil to plant and fruit which 

irrigtation with groundwater  
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many the transfer factors in this area were smaller than one. It is followed by 
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higher than one, noting that the transfer factor for fruit recorded the highest 

value than plant of the transfer factors for     .   

 

 Figure 4.58: Comparison TF of     ,      ,      and       in different Agricultural  

Soil,  Plant and  Fruit  which  Irrigtation  with Groundwater. 
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radioactivees  elements from agricultural soils, to plants and fruits samples. 

      From the figure, it can be observed that the TF values for       from soil 

to plant were higher than one, indicating a higher transfer of       to the 

plants. Similarly, the TF values from soil to fruit samples for        were 

lower than those to the plants, suggesting a lower uptake of      by the fruits.  
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      Regarding        the TF values were relatively lower for fruit samples 

compared to plants, indicating a lower transfer of       to the fruits. The TF 

values from soil to plant were higher than those from soil to fruit samples, 

suggesting a higher uptake of       by the plants. 

      As for    , the TF values from agricultural soil to both plant and fruit 

samples were higher than one. Notably, the TF values for fruit samples 

recorded the highest values among all elements, indicating a higher transfer of 

    to the fruits compared to plants. 

 

  Figure 4.59: Comparison TF of     ,       and        in different Agricultural  Soil,  

Plant  and  Fruit  which  Irrigated with Surface water. 
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4.1.5  Result of Fertilizers 

Three samples of chemical fertilizers were taken, whose use rate is about 95%  

by farmers in the study area (agricultural lands). The natural radioactivity of 

these samples was measured using a system NaI(TI) and the results were as 

follows : 

     The natural radioactivity of specific fertilizers samples in the study area 

was measured and campared to the permissible limits for     ,             

and     , as indicated in references [185], along with a      limit of 370 

[186]. The results, presented in Table (4.21), illustrate the specific of activity 

of       , and      . For sample     , the spaecific acttivity are 

(2.903±0.329, 2.419±0.139 and 42.59±1.418) Bq/kg, for sample     , the 

spaecific acttivity are (1.956±0.302, 1.676±0.17 and 62.252±1.774) Bq/kg, 

and for sample     , the spaecific acttivity are (1.376±0.251, 1.463±0.158 and 

8087.64±20.06) Bq/kg. 

      Comparing these values to global averages, it can be observed that the 

spaecific activity of        ,         and       are lower of all samples 

except       of sample (S3) exhibits significantly higher specific activity 

compared to the worldwide average [185].       

      Table (4.22) provides the following values:      (Radium equivalent 

activity) measured in Bq/Kg,     (absorbed dose rate) measured in nGy/h,     

(Indoor hazard index),      Indoor external dose,    (Gamma index), and    

(Alpha Index). The respective for sample (S1) are as follows:  13.832 Bq/Kg, 

6.375 nGy/h0.047, 0.037, 0.051and 0.017, for sample (S2) on respective are, 

9.1463 Bq/Kg, 4.512 nGy/h, 0.03, 0.025, 0.036, 0.01, and for sample (S3) on 

respective are, 626.22 Bq/Kg, 338.77 nGy/h, 1.695, 1.691, 2.708 and 0.007 are  
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respective. All these values of all samles are comparable to the worldwide 

average [186,187], with all valuesof the samples (S1,S2) are being lower 

except for the (  ), which is higher for       . 

       Moving on to Table (4.23), it presents the values for Exposure, the AEDE 

(Annual Effective Dose Equivalent), AGED (Annual Gonadal Equivalent 

Dose),  and ELCR (Excess Lifetime Cancer Risk). The respective of all 

samples are as follows: For samples (S1),  26.192 μR/h, 0.031 mSv/y, 44.846 

mSv/y and 0.14, for samples (S2), 19.122 μR/h, 0.022 mSv/y, 32.597 mSv/y 

and 0.099, for samples (S3), 1598.9 μR/h, 1.662 mSv/y, 2549.88 mSv/y and 

7.445. 

      Similar to the previous Table, the all of these values are comparable to the 

worldwide average [185-187] with all values of samples (S1,S2) are being 

lower except of samples (S3) which are all higher. 

Table 4.21 : The Specific of Activity of Fertilizers. 

No. 
Sample  

code 

Specific activity in (Bq/Kg) 

               

1 S1 2.903 0.329 2.419 0.139 42.59 1.418 

2 S2 1.956 0.302 1.676 0.17 62.252 1.774 

3 S3 1.376 0.251 1.463 0.158 8087.64 20.06 

World Wide 

Average 
35 45 412 
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Table 4.22: The Results Raeq , Dr , Hex , Hin and Iγ of Fertilizers. 

I  Iγ Hex Hin 
   

        
Raeq 

(Bq/kg) 

Sample 

code 
No. 

0.017 0.051 0.037 0.047 6.375 13.832 S1 1 

0.01 0.036 0.025 0.03 4.512 9.1463 S2 2 

0.007 2.708 1.691 1.695 338.77 626.22 S3 3 

 1  1  1  1  55  370 
World Wide 

average 

 

Table 4.23: The Exposure, AEDE ,AGED and ELCR of Fertilizer. 

ELCR×     
AGED 

(mSv/y) 

     
        

Exposure 

(μR/h) 

Sample 

code 
No. 

0.14 44.8463 0.031 26.192 S1 1 

0.099 32.5977 0.022 19.122 S2 2 

7.445 2549.88 1.662 1598.9 S3 3 

2.5 300    ............. 
World Wide 

average 

 

      The Figures (4.60, 4.61 and 4.62), it can be seen that the values of the 

average of the specific activity but of       for samples S3 was ahighlights a 

notable difference in potassium levels in sample S3 compared to the other 

samples, possibly due to the presence of three natural potassium isotopes, one 

of which is unstable, while the others remain stable. This isotopic variation 

could explain the higher potassium content in sample S3.  
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Figure 4.60: Specific Activity of      Bq/kg) for Fertilizer. 

 

 

 

Figure 4.61: Specific Activity of       Bq/kg) for Fertilizer. 
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Figure 4.62: Specific Activity of     (Bq/kg) for Fertilizer. 
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5.1 Introduction  

This chapter shows the conclusions future works and recommendations. 

5.2 Conclusions 

The following conclusions have been reached by analyzing the groundwater, 

surface water, agricultural soil, plant and fruit in  Al-Haydria Which was 

obtained through detection and measurement techniques such as Rad7, NaI(TI) 

and CR-39. 

1. It was found that the majority of       concentrations in groundwater 

and surface water samples from Agricultural Areas in Al Hayderiah in 

Al-Najaf Alashraf which was measured by Rad7 a system were below 

the levels considered harmful or effective by various organizations such 

as the of the US Environmental Protection Agency Water Office (US 

EPA). Therefore, it can be concluded that most samples are safe for 

household use and consumption. It was also observed that the annual 

effective doses (AED) for all age groups in every location studied were 

expected to be less than 0.1m Sv/y. 

2. The acverage of specific activity of     ,       and      was evaluated 

for samples of agricultural soil and tomato plants and fruits in the two 

regions using a NaI(TI) detector system. For      and      , they were 

lower than the the global average for all samples, while for      they 

were higher than the values of the global average and for all samples. 

However, the average values of all indicators were the radiation risks 

are less than the average global values for all samples, and from this 

can be concluded that there are no radiation risks to the health of the 

local population. 
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3. The transfer factor rate for the radionuclides     ,       and      from 

the soil to the plant and fruit is less than one n in the first period, while 

the transfer factor rate for the radionuclides       and       from soil 

to plant for the second region are greater than one and from soil to fruit 

less than one, while the values of the transfer coefficients for the 

nucleus      were less than one Soil for plants and fruits. 

4. The average concentrations of        gas in the air and inside samples, 

as well as       in samples of agricultural soil and tomato fruits from 

both regions, were evaluated. All values of gas concentrations were 

       in The air and       for the two regions are lower than the 

global averages, and the gas concentrations        inside the samples 

were all values slightly higher than the global average. 

5.3  Future Works 

1. Further studies should be conducted to investigate the effect of radon 

gas concentration using RAD-7 detection and evaluating radioactive 

parameters in water, air, soil, and agricultural soil samples in additional 

governorates to obtain a more comprehensive understanding of the 

situation. 

2. Additional research using various types of detectors (CN-85, CR-39, 

LR-115) is needed to determine radon and thorone concentrations in 

soil, air, surface water, and groundwater in other regions and to make 

comparisons. 

3. Future studies should expand the statistical and experimental 

investigation to detect natural radioactive nuclei and radon gas in the 
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cancer cells of lung cancer patients in other regions in Iraq to determine 

the prevalence and potential causes of the disease. 

4. Investigating the effect of soil types on the Transfer Factor for 

radionuclides to better understand how different soils impact the transfer 

of radionuclides to plants. 

5. Conduct research to estimate the transfer factor for NORMs from soil to 

different types of trees to gain a more comprehensive understanding of 

the potential impact of radionuclides on the environment. 

5.4  Recommendations 

1. It is recommended that competent authorities, such as the Ministry of 

Health, the Ministry of the Environment, the local government, and the 

Geological Survey, take necessary measures to reduce the detrimental 

consequences of radiation dangers on the environment and general 

public health. Competent authorities should promote the use of organic 

fertilizers in agriculture and reduce reliance on chemical fertilizers. This 

can help lower the concentrations of radionuclides in the soil. 

2. Modern cultivation methods and regular watering processes should be 

adopted to reduce the transportation of radionuclides to plants. 

3. Consumption of tomatoes should be reduced from these areas due to 

their high transfer factor of radionuclides. 

4. Radon gase and radioactivity, if their concentrations exceed the 

permissible levels, it could lead to  cancer. Therefore, continuous 

measurement of these concentrations throughout the year, as is practiced 

in developed countries is necessary. 

5. Furthermore, it is suggested that such studies be repeated for all 

governorates of Iraq and a radioactivity map for be created. 
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 الخلاصة

ح فةٚ اهحٜدرٛةح فةٚ ًحافاةح اهِجةر احيةزت حٜةس ذةي اهٌِطمةح اهشراعٜةفٚ  ٓذّ اهدراطح ذثحس            

عوةة٘ اهٌٜةةاّ اهجٖفٜةةح ٕاحىةةزٗ عوةة٘ اهٌٜةةاّ  زٙاحٕهةة٘ ذعرٌةةد تةةاه، ًِطمرةةَٜ  ذمظةةٜي ًِطمةةح اهدراطةةح اهةة٘

 .ًصادر ًٌٔح هوٌِرجاخ اهشراعٜح اهٌٖطٌٜح هلاطٖاق اهٌحوٜحاهظطحٜح ٕٓذّ اهٌِاطك ٓٚ 

ٕعاًةن اهِمةن اهصا ةح تاهِٖٛةداخ  ِةٖعٚدٍٕ ٕ اهِشةاط اهاهدراطح فٚ حظاب ذزاكٜش غاس اهةزاذٔدت       

اهٌذكٖرج أعةلاّ ٕهعِٜةاخ ًصروفةح ًةَ اهٌٜةاّ اهجٖفٜةح ٕاهظةطحٜح ٕاهرزتةح  ٌِطمرَٜ اهٌشعح اهطثٜعٜح فٚ اهٌ

اهجٖفٜةةح  ذةي جٌةع عِٜةةاخ اهٌٜةاّ  حٜةةس اهشراعٜةح ٕاهِثةاخ ٕاهصٌزحًحصةةٖم اهطٌةاطي( فةٚ ذوةةق اهٌِةاطك.

ذةي اطةرصداى شةلاز ذمِٜةاخ ٕ عٜح ٕعِٜةاخ ًحصةٖم اهطٌةاطي حاهِثاذةاخ ٕاهصٌةز(ٕ اهرزتح اهشرإاهظطحٜح 

 NaI(Tlٕ طٜةر أيةعح جاًةا حهومٜاص ٕٓٚ ًمٜاص كاير اهةزاد طةفَ هعِٜةاخ اهٌٜةاّ اهجٖفٜةح ٕاهظةطحٜح 

 .هورزتح ٕاهصٌز CR-39ٕكاير احشز اهِٖٕٙ هوحاهح اهصوثح  هورزتح ٕاهِثاخ ٕاهصٌز

فةٚ اهٌٜةاّ اهجٖفٜةح كةاٍ أعوة٘ ًِةْ فةٚ اهٌٜةاّ         ًرٖطط ذزكٜةش اهاةاس  أيارخ اهِرائج إه٘ أٍ      

ًصةةن ٕكاهةةح حٌاٛةةح اهثٜ ةةح تٜلزٛةةن / هرةةز ٕهلِٔةةا ألةةن ًةةَ اهٌرٖطةةط اهعةةاهٌٚ  0.23اهظةطحٜح ٕكاُةةد لٌٜرةةْ 

)اهِةةٖعٚ ِشةةاط اه. كةةاٍ ًرٖطةةط لٌٜةةح احًزٛلٜةةح ًلرةةة اهٌٜةةاّ     )  ٕ( فةةٚ جٌٜةةع عِٜةةاخ    (     

)  اهٌرٖطةط اهعةاهٌٚ ، تاطةرصِاء لةٜي ًةَ النٕهوٌِطمرَٜ اهرزتح ٕاهِثاخ ٕاهصٌز حاهطٌاطي(  ٕهجٌٜةع  (    

، ًع ٓذّ كاُد لٜي ًؤيزاخ اهصطةٖرج ٕهجٌٜةع اهعِٜةاخ الةن حاهعِٜاخ كاُد اعو٘ ًَ لٜي اهٌرٖطط اهعاهٌٜ

 .ًَ لٜي اهٌعدحخ اهعاهٌٜح

)ٛةداخ اهٌشةعح  ِٖوه هِمةنعاًن ا ًعدم كٌا ٕجدخ اهدراطح أٍ           )  ٕ(      )   ٕ  ( ًةَ  (    

ٛةةداخ اهٌشةةعح  ِٖوه عاًةن اهِمةةن اهرزتةح اهةة٘ اهِثةةاخ ٕاهصٌةز الةةن ٍ ٕاحةةد فةةٚ اهٌِطفمةح احٕهةة٘ تٌِٜةةا ًعةةدم

(     )  ٕ( الةن ًةَ  ًَٕ اهرزتح اهة٘ اهصٌةز أكثز ًَ ٕاحد هوٌِطمح اهصاُٜح  اهِثاخ  ًَ اهرزتح اه٘      

)تٌِٜا كاُد لٜي ًعاًلاخ احُرمام هِٖاج ٕاحد   .  ًَ اهرزتح هوِثاخ ٕاهصٌز ًَ ٕاحد الن   (    

فةٚ عِٜةاخ ًصرةارج ًةَ          فٚ اهٖٔاء ٕداىن اهعِٜاخ ٕكةذهق          ذي لٜاص ذزاكٜش غاس   

 فةٚ اهٔةٖاء         ٜي ذزاكٜةش غةاس ٕكاُةد جٌٜةع لة ،هلةلا اهٌِطمرةَٜ اهطٌةاطياهرزتح اهشراعٜح ٕشٌار 

كاُةد فةٚ داىةن اهعِٜةاخ         كٜةش غةاس اذزٕهوٌِطمرَٜ الن ًَ اهٌعةدحخ اهعاهٌٜةح ٕ          ٕ

 .حجٌٜع اهمٜي أعو٘ ًَ اهٌرٖطط اهعاهٌٜ

 


