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Abstract: In this research the specific activity of natural radionuclides 
226

Ra, 
232

Th and 
40

K were determined by sodium 

iodide enhanced by thallium NaI (Tl) detector and assessed the annual effective dose in Beladi, Aldar, Alusraa, Alkhaleej and 

Aletehaad which are available in Baghdad markets. The specific activity of 
40

K has the greater value in all the types which is in 

the range of allowed levels globally that suggested by UNSCEAR. The mean value of annual effective doses was 0.198, 0.094 

and 0.098 mSv/y for 
226

Ra, 
232

Th and 
40

K respectively. 
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1. Introduction 

The radiation is a natural phenomenon surrounding human 

beings everywhere in daily life, and human activity has led to 

increased concentrations in some locations or due to 

accidental or certain industrial problems or mismanagement, 

which lead to cases of serious pollution, radiation during the 

accidents that occur in nuclear reactors or because of nuclear 

tests or radioactive waste leaking from the vehicles and 

satellites or due to serious garbage resulting from factories 

that use chemicals processing radiocarbon dating, where this 

radiation returned to earth contaminated air, water, soil and 

food, leading to fatal and deadly risk to humans and other 

living organisms, or organisms cause abnormalities or 

imbalances in the vital systems, according to radiation dose 

and type of level [1, 2]. Radioactive contamination is known 

emission serious radiation as a result of incidents get in 

nuclear reactors or of radioactive waste or any source used in 

radiation harmful doses is destroying the organism cells 

directly upon exposure to radiation or indirectly through its 

concentration in the air, water or soil or food or sewage 

sludge [3, 4]. Sources of radioactive contamination and other 

natural sources include the result of human activities, and 

includes natural ionizing cosmic rays, X-rays and gamma 

rays emitted by radioactive rock and potassium [5]. The 

sources resulting from human activities include radioactive 

medicines used in the medical fields, radioactive materials 

used in the biological sciences X-rays, as well as rays of 

nuclear reactors and nuclear weapons and electronic 

equipment [6]. The amount of cosmic radiation vary 

according to place high above sea level and depending on the 

geographical location, where the least amount in the vicinity 

of the surface of the sea, places, and increasingly higher you 

go with him, we find the higher you go with him by ten 

thousand feet whenever doubled the amount of cosmic rays 

three times. It should be noted that the atmosphere is a 

protective barrier of cosmic rays [7, 8]. The outer shell of soil 

containing amounts of radioactive elements such as uranium 

and thorium, and the concentration of radioactive elements 

varies depending on the soil type, we find that their focus is 

getting the granite rocks and the least in the sandy soil. 

Radiation from the soil mainly composed of gamma 

radiation, which absorbs the alpha and beta inside the outer 

shell of the soil [9]. There are some natural radioactive 

elements such as carbon-14, potassium 40 in human food and 

in the body. There is also the human body radium 226 and 

polonium-210 Ba and Sr 90, and vary the amount not to 

beam from a member of the last human body, for example, 
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increasing the amount of natural radiation in the lung than in 

bone marrow [10, 11]. Using X-rays or nuclear in the field of 

disease diagnosis and treatment, which contain trace 

elements in the treatment of certain diseases such as thyroid 

poisoning which uses radioactive iodine treatment. Studies 

indicate that the use of radioactive drag increasing year after 

year, so this should drag is considered an important source of 

human exposure to radiation [12, 13]. After the discovery of 

nuclear fission, the first nuclear reactor built in 1942, and 

then followed by the Manhattan project to establish the first 

atomic weapons, so at the end of World War II. I have used 

nuclear reactors, and is still used to generate power, resulting 

from the use of these reactors, radiation contamination of the 

environment, especially the environment surrounding the 

reactors, and environmental pollution increase significantly 

because of the incidents of explosion of nuclear reactors, 

such as the Chernobyl nuclear explosion [14, 15]. 

The aim of current work is measuring specific activity for 
238

U, 
232

Th and 
40

K in samples of sugar; Beladi, Aldar, 

Alusraa, Alkhaleej and Aletehaad in the local markets of 

Baghdad city in 2015 and the calculation of the annual 

effective dose resulting from the presence of these 

radioactive isotopes using a gamma spectrometry, NaI (Tl) 

detector, this work is necessary in the viewpoint radiation 

protection and the search for the presence of natural 

radioactive elements in food covered by the humans. 

2. Materials and Experimental 

2.1. Specific Activity 

The specific activity S. A were calculated by equation 

[16]: 

S. A= A/M                                  (1) 

Where A: The activity that determined directly from 

screen of the system and 

M: The mass of sample. 

Samples Beladi, Aldar, Alusraa, Alkhaleej and Aletehaad 

available in Baghdad markets prepared in 1kg for each 

sample (one sample for any type of sugar). Gamma 

spectroscopy with Sodium iodide (NaI (Tl)) (3" X 3") 

detector which are calibrated for a period of 3600 seconds, 

and completely isolated by lead shield [17] were used to 

determine NORM concentrations, in milk powdered 

samples. 

The specific activity of radioactive series of uranium - 

238 and thorium - 232 account that has been indirectly by 

identifying the radioactivity for their daughters. Because of 

the NaI (Tl) detector is characterized by a poor of his 

efficiency in energy resolution was selected radionuclides 

daughter to determine the concentration of radioactivity for 

two series of 
238

U and 
232

Th as it was chosen nuclide 
226

Ra 

to indicate the radioactivity for a series of 
238

U,  which have 

been determined through radioactive isotope 
214

Pb, as well 

as determined a series of 
232

Th through a radioactive isotope 
212

Pb, as regard for 40K can be clearly detected directly by 

the detector [17]. One kg of the sample in the measuring 

cylinder is placed inside measurement system that is 

already calibrated for 3600 seconds [17]. Measurement 

system has been isolated by the shield of lead to reduce 

background radiation. Activity were determined directly 

from the system. 

2.2. Radiation Weighting Factor 

The radiation weighting factor is a dimensionless factor 

used to obtain the equivalent dose from the absorbed dose 

averaged over a tissue or organ and is based on the type of 

radiation absorbed. The radiation weighting factor for 

photons equal to 1 [18]. 

2.3. Annual Effective Dose 

The annual effective dose (��� in Sv/y) to the public can 

be given according to ICRP [19]; 

������. �	
� = 	����. ��	
�	�	�����. �	
�	       (2) 

�  is the coefficient of dose conversion for ingestion 

(Sv·Bq
−1

). The annual intake ( ��  in Bq/y) from taking 

consuming 200 gm/day is considered by equation [18]; 

�����. �	
� = �. ����. ��	
� × 365	 × ������� !��	�"	�!#� (3) 

The coefficient of dose conversion C were recommended 

for 
226

Ra, 
232

Th and 
40

K were 2.8 × 10
-7

, 2.3 × 10
-7

 and 6.2 × 

10
-9

 Sv·Bq
−1

 respectively [18]. The annual effective dose due 

to the intake were calculated by using equation 1. 

3. Results and Discussion 

Specific activity of uranium-238 series, thorium – 232 and 

potassium – 40 in samples of sugar are listed in Table 1. 

Table 1. The specific activity of U238, Th232 and K40 in Bq/kg in all sugar 

samples. 

Sample U-238 Bq/kg Th-232 Bq/kg K-40 Bq/kg 

Beladi 12.28 4.69 103.68 

Aldar 8.47 6.76 235.48 

Alusraa 14.46 8.17 225.58 

Alkhaleej 3.45 2.28 304.72 

Aletehaad 11.4 9.6 257 

Average 10.012 6.3 225.292 

From Table: 1, one can see that the average value of 

specific activity of 
238

U was 10.012 Bq/kg, the maximum 

value was 14.46 Bq/kg in Alusraa sample while the minimum 

value was 3.45 Bq/kg in Alkhaleej sample. The mean value 

of specific activity for 
232

Th was 6.3 Bq/kg, the maximum 

value was 9.6 Bq/kg in Aletehaad sample while the minimum 

value was 2.28 Bq/kg in Alkhaleej sample. The mean, 

maximum and minimum value of specific activity for 
40

K 

was 225.292, 304.72 and 103.68 Bq/kg respectively, the 

maximum and minimum value was appeared in Alkhaleej 

and Beladi sample respectively. Figures.1, 2 and 3 shows that 

the specific activities of 
238

U, 
232

Th and 
40

K in the different 

samples. 
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Figure 1. The specific activity for 238U in all samples. 

 
Figure 2. The specific activity for 232Th in all samples. 

 
Figure 3. The specific activity for 238U in all samples. 

The annual effective dose AED in mSv/y was calculated 

by equation 2 and listed in Table 2. From Table 2. the 

maximum value of annual effective dose for 
238

U series were 

0.3 mSv/y in Alusraa sample, the minimum value was 0.07 

mSv/y in Alkhaleej sample while the average value was 

0.198 mSv/y. The average value of annual effective dose for 
232

Th series and 
40

K was 0.094 and 0.098 mSv/y respectively, 

the maximum and minimum value was 0.14, 0.04, 0.14 and 

0.05 mSv/y in Alusraa, Alkhaleej, Alkhaleej and Beladi 

powdered milk sample respectively as shown in Figures.4, 5 

and 6. 

Table 2. The annual effective dose in all sugar samples. 

Sample 
Eff. mSv/y for 

U-238 

Eff. mSv/y for 

Th-232 

Eff. mSv/y for 

K-40 

Beladi 0.25 0.08 0.05 

Aldar 0.17 0.11 0.11 

Alusraa 0.3 0.14 0.1 

Alkhaleej 0.07 0.04 0.14 

Aletehaad 0.2 0.1 0.09 

Average 0.198 0.094 0.098 

 
Figure 4. AED (mSv/y) for 238U in all samples. 

 

Figure 5. AED (mSv/y) for 232Th in all samples. 
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Figure 6. AED (mSv/y) for 40K in all samples. 

4. Conclusion 

Specific activity for 
226

Ra, 
232

Th and 
40

K in different 

samples of sugar was measure by NaI (Tl) detector. The 

average value of specific activity for radionuclide 
40

K was 

highest in all samples. The annual effective dose that 

accumulated from all isotopes was in the allowed levels 

globally. 
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