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This study was conducted in order to measure the levels of natural radiation in sediments 

of the Tigris River in the city of  Mosul, in northern Iraq, using the gamma spectroscopy 

technique to calculate the activity concentrations of natural radionuclides in the 

sediments, The results showed that the activity concentrations of 226Ra, 232Th, and 40K. 

ranged between (6.30±0.319-13.73±0.411) Bq/kg and an average(9.86±0.385) Bq/kg  for 

226Ra, and between (13.39±0.626-29.84±0.923) Bq/kg and an average of (23.05±0.838) 

Bq/kg for 232Th, while potassium-40 ranged between (166.83±6.456-275.96±7.601) Bq/kg 

and with an average (232.91±6.456) Bq/kg  All the results of these activity concentration 

values were less than the internationally recommended values. Using the activity 

concentrations of these radionuclides, radiological hazard indices were evaluated in order 

to determine the effects of the sediments. The calculated average value of radium-226, 

thorium-232 and potassium-40 are 9.86, 23.05 and 232.91 Bq/kg , respectively.  

The radium equivalent activity (Raeq), absorbed dose rate ( D ) , annual effective dose 

rate(AEDE) , internal and external radiation hazard indices (H) and Gamma Radiation 

Level Index ( I ) were calculated to study their hazardous nature. These values obtained 

from the sediments were less than the recommended safe and criterion limits given by 

UNSCEAR. Results of the present study could serve as an important baseline radiometric 

data for future epidemiological studies and monitoring initiatives in the study area. 
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 1. INTRODUCTION 

The phenomenon of radioactivity is one of the eternal 

phenomena that induces soil, water, air, as well as 

animal and plant food contamination due to the presence 

of radionuclides resulting from this phenomenon[1]. 

Since the inception of the universe there have been 

primitive radionuclides which are described as naturally 

occurring[2]. Almost 96% total radiation dose to humans 

are from natural sources, while 4% is from humans-

made sources[3,4,5] 

Radioactivity is described as a process of 

spontaneous transformation of  the radioactive nuclei of  

an element into the nuclei of  atoms of other more stable 

elements through the emission of a certain type of  

radiation from particles  known as alpha particles or  

beta particles (positive or negative ) and accompanied by 

the emission of  electromagnetic radiation known as 

gamma rays, which then turn into more stable nuclei  [6]. 

Because of the presence of natural radionuclides in 

different geological formations such as soil, sand, rocks, 

water, sediments and building materials, humans are 

exposed to natural radioactivity. The location and height 

of these formations are the factors on which human 

exposure to radiation depends[7], and the natural 

radioactivity comes in the sediments  through  the 

uranium-238, thorium-232 and potassium-40 series. [8]. 

Through direct exposure, ingestion of food and 

drinking water, humans are constantly exposed to the 

hazard of accumulation of radionuclides, so the available 

literature reveals that these radionuclides are important 

for assessing the dose in humans[9]. Most of the 

radiation that occurs naturally in the world comes from 
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cosmic radiation sources and terrestrial radiation 

sources, thousands of years ago the radiation dose was 

higher than it is today, and life is still thriving and 

present, and the average radiation dose per year all over 

the world is (2.4) mSv/y [10]. 

The sediments occur as a result of rock weathering 

and bear the original mineral characteristics that form the 

rocks, so the sediments reflect the geological history of 

the transport and dredging process[11]. Radioactivity 

exists in different geological formations in different 

concentrations depending on the origin of the 

geochemical environment and the type of rocks where 

the radioactive nodes are transported to the soil and 

sediments when the natural rocks are dissolved and 

transported by the rain and flows[12]. 

The aim of the present study is to find out the degree 

of radioactive hazard of sediments of the Tigris River in 

the city of Mosul, the center of Nineveh Governorate, 

northern Iraq, where the risk indicators were calculated 

based on the values   of the concentrations of specific 

activities of the studied samples 

2.MATERIALS AND METHODS 

2.1 Location of study 

  Mosul is located in the north of Iraq, and it is the center 

of Nineveh Governorate. It is (465) km away from the 

capital, Baghdad.  The city bisects the Tigris River into 

two halves, and the city is located between longitude 36º 

and latitude 43º. It was necessary to conduct the study 

because the elements of the environment are affected by 

the radioactivity and the environmental neglect that the 

city suffers from due to the destruction that the city was 

exposed to during the war. The Tigris River in the city is 

the main source for supplying the population with 

drinking water and is used for agricultural and irrigation 

purposes, as shown in Figure(1). 

 
Fig. (1): the location of the city of Mosul in the Nineveh 

Governorate in northern Iraq 

2.2 Sample Collection and Preparation 

Ten samples were collected from sediments of the 

Tigris River in the city of Mosul  

(see Fig. 2), at a depth of 0.5-1 m from the river 

bank. This is to measure natural radionuclides 226Ra, 
232Th, and 40K. The mass of each sample of the collected 

wet samples ranged between 1 - 1.5kg, after which the 

samples were dried by exposing them to sunlight for       

a period of 7 days and placed in a thermal oven at           

a temperature of 105 ºC, and by using an electric mill, 

the samples were ground and sifted. Using a net diameter 

of 0.75 µm, samples were weighed 500 gm and placed in 

a plastic container made of sealed polyethylene and kept 

for 21days in order to ensure the achievement of the 

radiative balance between the natural radionuclides and 

their daughter[13]. 

Table (1): the symbols, names and coordinates of the 

samples sites from the Tigris River 

sediments in the city of Mosul 

 

Fig. (2): Sampling Locations 

Sample 

No. 

Sample 

ID 

Sample 

Location 
Coordinates-X Coordinates-Y 

1 RS1 Mushirifa 325328.613017 4029153.71777 

2 RS2 Mosul Water  

Project 

326577.978016 4029396.87034 

3 RS3 Fourth Church 328290.612034 4029598.18643 

4 RS4 Church 

Container 

329716.956863 4029201.34287 

5 RS5 The Victory 

Bridge 

330086.580519 4026838.18564 

6 RS6 Church 

Container2 

330896.33943 4028627.91908 

7 RS7 The Third 

Bridge 

330717.348447 4025689.23022 

8 RS8 Atomic Medical 

Hospital 

331002.966727 4025427.77726 

9 RS9 Republic 

Hospital 

331276.017273 4025209.7337 

10 RS10 Pashtabiya 

Castle 

331519.36828 4025034.05002 
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2.4 Gamma-Ray Spectrometry  

The gamma spectra were collected from sediment 

samples of the Tigris River in the city of Mosul by 

means of gamma ray spectroscopy. A Scintillation 

detector with specifications (Oak Ridge, TN 37830, 

United States of America) with a radius of (3.8) cm and 

a thickness of (2.5) cm was used, if the detector tube was 

connected to the voltage supply.  The high voltage (the 

voltage used in this study was 600 volts) and from the 

detector to the primary amplifier and then to the multi-

channel analyzer that connects to the calculator via          

a USB connection cable.  Where the calculator displays 

visual images of the gamma ray spectrum through an 

installed program, and the detector and the detector 

holder were covered with lead plates in order to reduce 

the radiation background recorded by the detector. The 

power calibration of the detector and the efficiency 

calibration were performed using standard sources. By 

using the energy barium source 133Ba (356) keV, the 

cesium source 137Cs with energy (661.6) keV and the 

energy cobalt source 60Co (1332.5) keV for the purpose 

of conducting the energy calibration of the detector, As 

energy calibration is one of the most important factors 

that should be taken into account before starting the 

analysis process in order to obtain accurate results, due 

to the fact that the interpretation of the gamma spectrum 

depends on radionuclides and energy instead of voltage 

and channel number [14].After that, the efficiency 

calibration was performed using a standard source with 

known energies, if the isotope eurpium-152 (152Eu) was 

used, which contains a number of energies ranging from 

(1408.0-121.8) keV placed in a Marnelli Baker's vessel. 

3. Evaluation of Radiological Hazard Effects 

The natural radionuclide concentrations in the Tigris 

sediments were used for radium, thorium and potassium 

in order to calculate the radiation hazard indicators for 

humans resulting from the continuous exposure to the 

radiation present in the surrounding environment. 

3.1. Radium Equivalent (Raeq) 

The equivalent activity of radium is defined as            

a radiation factor using the uniform distribution of 

natural radionuclides represented by radium-226, 

thorium-232 and potassium-40, and it is measured in 

units of Bq/ kg and Radium equivalent can be calculated 

though the following equation [15,16]: 

 

    (1) 
 

Where ARa, ATh and AK are the specific activity of 

radium-226, thorium-232 and potassium-40 in units of 

Bq/kg. The maximum universally permitted value of 

equivalent radium activity (Raeq) is 370 Bq/kg. 

3.2. Absorbed Dose Rate in Air ( D ) 

The rate of absorbed dose of gamma rays in the air at 

one meter (1m) above the ground level can be calculated 

using the specific activity of radium-226, thorium-232 

and potassium-40, and it can be calculated though the 

following equation [16,17]: 

KThRa AAAhnGyD 0417.0604.0462.0)/( ++=     (2) 

 Where : 

D  : Absorbed dose rate in nGy/h. 

 ARa and ATh and AK represent the specific activity of 

radium-226, thorium-232 and potassium-40 in Bq/kg 

unit. 

The conversion factors used to calculate the absorbed 

dose of gamma rays in air correspond to (0.462 nGy/h) 

for radium-238, (0.604 nGy/h) for thorium-232 and 

(0.0417 nGy/h) for potassium-40 

3.3. Annual Effective Dose Equivalent (AEDE) 

The annual equivalent dose means that the 

radiological factor used to judge the extent of the health 

effects resulting from the absorbed dose, and it is 

measured in units (mSv / y).  Effective as well as by 

using the external occupancy factor (0.2) and the internal 

occupancy factor (0.8). The annual effective dose 

equivalent (outside the home) can be calculated through 

the following equation[15,16]: 
 

                                                                                  (3) 
 

  The annual effective dose equivalent (indoor) can also 

be calculated using the following equation: 

 

                                                                                       (4) 

 

3.4. Hazard Index (H) 

Hazard guide is a radiological parameter used to 

identify and evaluate external and internal radiation 

hazards.  The external hazard index (Hex) and the 

internal hazard index (Hin) are calculated through the 

following equations: 

                                                                                                                                       

(5) 

 

                       (6) 

  

KThRaeq AAAkgBqRa 077.043.1)/( ++=

2.07.0876010)/( 6 = −DymSvAEDEout

4810259370

KThRa
ex

AAA
H ++=

4810259185

KThRa
in

AAA
H ++=

8.07.0876010)/( 6 = −DymSvAEDEin
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ARa, ATh, and AK: Radium-226, thorium-232 and 

potassium-40 are the specific activity in units (Bq/kg). 

 The hazard index values must be smaller or equal to 

one, to be within the internationally accepted limits 

approved by international scientific institutions [15,16] 

3.5. Gamma Radiation Level Index ( I ) 

The hazard index for gamma rays Iɣ means that it is   

a radiological factor by which the hazard levels of 

gamma rays associated with natural radionuclides are 

estimated in the studied samples.  The hazard index for 

gamma rays can be calculated through the following 

equation: 

                                        (7) 

 

The hazard index values   for gamma rays should be 

less than or equal to one, which is the internationally 

accepted limit [18]. 

4. RESULT AND DISCUSSION 

The natural radionuclides present in sediments such 

as 226Ra, 232Th and 40K contribute to the amount of 

radiation in a large way, as most of the population is 

exposed to that radiation in those areas, and calculating 

the value of that radiation is of great importance in 

knowing the radiation that humans are exposed to by 

comparing these values   with the world recommended 

values. 

The activity concentrations were calculated for 226Ra, 

232Th and 40K, and it was found that they range between 

(6.30±0.319-13.73±0.411) Bq.kg-1 with an average value 

of (9.86±0.385) Bq/kg and between (13.39±0.626-

29.84±0.923) Bq/kg and with an average value of 

(23.05±0.838) Bq/kg and between (166.83±6.456-

275.96±7.601) Bq/kg and an average of (232.91±6.456) 

Bq/kg, respectively. Then the hazard indicators were 

calculated according to these values, and Table (2) 

shows the value of the hazard indicators calculated for 

these regions. 

The variation in the values of the radioactive 

concentrations is a result of the chemical, physical and 

geological differences of the Earth. The results showed 

that the average radionuclide concentrations 226Ra, 232Th 

and 40K were less than the average of globally 

permissible values as it appears in Table (2). The radium 

equivalent value (Raeq) of the studied sediment samples 

ranged between (38.52) Bq/kg in the sample (RS8) and 

between (71.96) Bq/kg in the sample (RS4) in the 

sample and with an average (60.76) Bq/kg, which is less 

than the internationally recommended value, which 

should not exceed (370) Bq/kg as shown in Figure (3). 

As for the percentage of absorbed dose, it ranged 

between (17.81) nGy/h  in the sample (RS4) and (33.07) 

nGy/h in the sample (RS8) and with an average (28.16) 

nGy/h, as shown in Figure (4). and it is also less than 

internationally recommended value of (55) nG/h . Also, 

the lowest value of the average effective dose annual 

equivalent to external exposure (AEDEout) is in sediment 

samples (21.84) µSv/y for the sample (RS4), the highest 

value for (40.55) µSv/y for the sample (RS8), and the 

general rate (34.53) µSv/y as shown in the Figure(5). 

which is less than the globally permissible value, which 

should not exceed (1000) µSv/y , The lowest value of the 

annual effective dose rate for internal exposure (AEDEin)  

in sediment samples (87.36) µSv.y-1 for the sample 

(RS4), the highest value (162.22) µSv/y for the sample 

(RS8), and the general rate (138.16) µSv/y as shown in 

the Figure(6) , which is less than the globally permissible 

value, which should not exceed (1000) µSv/y .The value 

of the internal hazard index was less than the globally 

permissible values, and its value ranged between (0.120) 

in the sample (RS4) and between (0.229) in the sample 

(RS8) and with an average of (0.190) as shown in the 

Figure (7). For the value of the external hazard index for 

all the studied sediment samples, it was less than the 

permissible average globally, as its value ranged 

between (0.102) in the sample (RS4) and between 

(0.194) in the sample (RS8) and with an average of 

(0.163) as shown in the Figure (8). The gamma index, its 

value ranged between (0.284) in the sample (RS4) and 

(0.529) in the sample (RS8) and with an average (0.450), 

and the figure (9) shows those values, which is less than 

the global permissible value, which should not exceed 

(1000) µSv/y. 

1500100150

KThU AAA
I ++=
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Table (2): The hazard indices values calculated in this study 

Sample No. Sample ID Raeq Bq/kg Dɣ nGy/h AEDEout µSv/y AEDEin µSv/y Hex Hin Iɣ 

1 RS1 61.01 28.42 34.85 139.41 0.164 0.192 0.454 

2 RS2 56.36 26.58 32.59 130.39 0.152 0.169 0.427 

3 RS3 68.80 31.37 38.47 153.88 0.185 0.213 0.504 

4 RS4 71.96 33.07 40.55 162.22 0.194 0.229 0.529 

5 RS5 70.89 32.56 39.93 159.72 0.191 0.219 0.523 

6 RS6 61.73 28.62 35.09 140.39 0.166 0.189 0.459 

7 RS7 51.78 24.44 29.97 119.89 0.139 0.165 0.389 

8 RS8 38.52 17.81 21.84 87.36 0.102 0.120 0.284 

9 RS9 58.97 27.19 33.34 133.38 0.159 0.187 0.435 

10 RS10 67.61 31.59 38.74 154.96 0.182 0.219 0.503 

Average  60.76 28.16 34.53 138.16 0.163 0.190 0.450 

Min.  38.52 17.81 21.84 87.36 0.102 0.120 0.284 

Max.  71.96 33.07 40.55 162.22 0.194 0.229 0.529 

Average World  370 55 1000 1000 1 1 1 

 

 
Fig. (3): Equivalent levels of radium activity (Raeq) in the 

Tigris River sediments in the city of Mosul 
 

Fig. (4): The levels of absorbed dose in the air (Dɣ) in 

sediment samples of the Tigris River in the city of 

Mosul 
 

Fig.(5): Annual effective dose rate levels for external 

exposure (AEDEoutdoor) in sediment samples 
 

 
Fig. (6): Annual effective dose rate of internal exposure 

(AEDEindoor) levels in sediment samples 
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Fig. (7): Levels of external hazard index in sediment 

samples 
 

 
Fig. (8): Internal hazard index levels in sediment samples 

 
Fig. (9): gamma-ray hazard index levels in sediment 

samples 

 

The activity concentrations and the 

radiological hazards of the natural 

radionuclides of interest in   sediment samples 

from the present study compared to values 

reported for different parts of the Iraq and 

world in Table (3). 

 

 
 

Table (3): Activity concentration of natural radionuclides and radiological hazards in sediment 

samples from the studied areas compared with those from other parts of the Iraq and the 

world 

 

 

Country 

 

 

226Ra Bq/kg 

 

 

232Th Bq/kg 

 

 

40K Bq/kg 

 

 

Req Bq.kg-1 

 

 

Dɣ nGy/h 

AEDE 

mSv/y 

 

Hazard indices  

 

Iɣ 

 

 

 

Reference 
AEDEout AEDEin Hex Hin 

Iraq 15.48 8.36 418.47 56.38 27.76 0.04 0.16 0.16 0.20 0.41 [20] 

Iran 22.86 27.26 409.04 93.34 45.78 0.06  0.25 0.32 0.70 [21] 

Egypt 5.02 13.15 200.26 38.25 18.38 0.023 0.092 0.106 0.120 0.30 [22] 

Nigeria 1-26 2.2-70.3 43.1-468 67.5 31.3 0.04  0.2   [23] 

Iraq 9.86 23.05 232.91 71.96 33.07 0.034 0.138 0.194 0.229 0.529 Present work 
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CONCLUSION  

  The hazard indicators were calculated for ten samples 

from sediments of the Tigris River in the city of Mosul, 

northern Iraq, and the results showed that the average 

value of the radium equivalent was less than the 

maximum globally permissible value of (370) Bq.kg-

1[19], as well as the average value of the rate of the 

absorbed dose in the air was less than the average value 

allowed  In addition, The results of calculating the 

annual effective dose for external and internal exposure 

showed that it was within the global permissible rates, 

the results of the calculation of the internal and external 

hazard indicators showed that they were within the 

permissible rates globally, as they did not exceed one, as 

well as the average value of the gamma radiation level 

index drawn for those areas did not exceed one and is 

also less than the rates permissible globally. Likewise, 

the gamma radiation level index calculated for those 

regions did not exceed one, which is less than the global 

permissible rates. As a result, it can be concluded that all 

the studied areas are safe for residents, tourists and their 

workers, and there is no hazard of exposure to radiation 

in these areas, as all the results of the hazard indicators 

for these areas were within the globally permissible 

values.  
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