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Abstract: This paper demonstrates the evaluation of radiological risk factors due to terrestrial radionuclides in soil, about the 

stores of pesticides and fertilizers for Al-Jazeera agricultural project in Al-Hasahisa, Sudan, to address the issue of the natural 

radioactivity of this area. Hence, levels of 
226

Ra, 
232

Th, 
228

Ra, 
40

K and 137Ci in the soil were calculated (by using germanium 

detector), and then the radiation risk parameters were calculated. its including radioactivity concentration Bq/kg, absorbed dose 

D, and effective annual dose E, its due to inhalation of radon (222Rn) and consumption of potassium (
40

K), radium (
226

Ra), 

radium (
228

Ra), thorium (
232

Th) and mean activity concentrations±deviation The norms for the five primitive radionuclides 

were, respectively, 268.98±5.22, 14.54±0.2, 15.31±1.54, 20.45±0.96, and 0.34±0.19 Bq kg
-1

. This results somewhat normal 

distribution of the United Nations Scientific Committee on the Effects of Atomic Radiation. The results obtained indicate that 

some radiation risk factors appear to be unfavorable. The mean average absorbed dose±standard deviation (30.54±2.71) nGyh
-1

 

was a slightly normal distribution of the average value of 30.54 nGy/ h, and the Average annual effective dose E (µSVyear
-

1
)±standard deviation (37.48±3.32).) SVyear

-1
 was a slightly normalized distribution of the value of SVyear

-1
 its compared with 

the data of the United Nations Scientific Committee on the Effects of Atomic Radiation. The study focuses light on the demand 

to develop a comprehensive program for radiation protection in Sudan and in agricultural projects that constantly use pesticides 

and fertilizers for regulatory oversight. 
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1. Introduction 

Al-Jazeera Agricultural Project was established in 1925, the 

oldest project in Sudan and the largest irrigated farm in the 

world with an area of 2.2 million acres. The project runs across 

the states of the Aljazeera and the White Nile and Sinner along 

a length of 300 km. The project aims to exploit Sudan's share 

of the Nile water, transform the traditional agricultural area 

into modern agriculture, and raise the standard of living and 

health services by absorbing 15,000 farmers [1]. 

However, its negative impact makes it pollute the 

environment with pesticide residues in the living, human and 

animal environment. Pollution of human consumption of 

food, high incidence of acute and chronic poisoning and 

deaths due to pesticides, in addition to the high cost of 

pesticide control, especially in developing countries, Since 

phosphate fertilizers contain excessive amounts of 

radionuclide's and heavy metals, the use of prolonged mass 

can lead to a gradual contamination [2]. Ionizing radiation in 

the environment can be from natural or industrial sources, 

and industrial sources with the greatest extent in the use of 

chemicals that affect the environment of radioactive 

chemicals from pesticides and fertilizers, the people are 

exposed to ionizing radiation from radionuclides in the 

different types of natural source, Because of health risk 

associating with exposure to natural radionuclides, 

organizations such as the International, Local and 

International Radiation Protection Commission of the United 
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States Environmental Protection Agency (USEPA) -have 

standards and legislation to limit such exposure [3]. The 

annual effective dose worldwide for exposure to normal 

radiation is 2.4 m vs. [4]. However, the pesticides have 

negative and positive aspects, as they encouraged the 

introduction of agricultural investment doors, horizontal and 

vertical expansion, and a decrease in losses as a result of 

pests. Led to an abundance of agricultural food commodities 

for consumers, and also reduced erosion and dumping of soil 

erosion using herbicides as an alternative to the machine, the 

lack of clearly defined regulations for the management of soil 

animal waste and fertilizers the central government and 

provinces produce guidelines But these remain advisory and 

unenforceable [5]. Intensive use of the fertilizers can increase 

the amount of radionuclides in soil, groundwater and ingest 

ingestion by humans through the exposure pathways such as 

drinking water and food chain [6]. The main program carried 

out by a different radiation institute in order to build basic 

data on concentration of the radioactivity to be used as the 

reference in the event of any radiation incident, So many 

studies have been reported on the radioactivity and radiation 

dose of public exposure has been carried out in the different 

regions of Sudan for the cases in the northern region, the 

dose ranged from 44 to 53 nGy and the absorption rate and 

the annual effective dose ranged from 53 to 65 µsvy -1 [7]. In 

addition, another study found that the radiation uptake rate 

ranged from 7.1 to 84.6 nGy h
-1

 and the annual effective dose 

ranged from 8.7-103.7 µSvy
-1

 [8]. In the eastern Sudan the 

absorbed dose rate ranged from 24 to 48 with the average 

value of 38 nGy h
-1

. In the central Sudan it is estimated that 

air intake dose at 1 m height is 31 to 47 nGy h
-1

 and annual 

effective dose is 6 to 47.8 Svy -1. In the western Sudan, a 

national environmental radiation monitoring program has 

been surveyed where the absorbed dose has found to be 

ranged from 500 to 7000 nGy h
-1

 [9]. Culture conservation 

by farmers or Non-governmental organizations that can 

promote these barely exist. There is however great potential 

for improving the efficiency of agricultural practices while 

maintaining productivity and reducing risks to the 

environment. For example, improving soil management, 

fertilizers, chemical fertilizers and irrigation can be more 

than matching crop requirements and reducing the risk of 

losses to air and water [5]. 

2. Surface Soil Quality 

Considered soil factors and characteristics of the surface 

soil of the important components of agricultural environment. 

It supports the soil surface and subsurface to perform many 

of the functions of agriculture and human development. 

Understanding these factors would help to realize the values 

provided by our land and our land for mankind [10]. The 

environmental pollution and the food safety of the most 

important issues of our time. We have the effect of the soil 

and water pollution in particular, historically on the food 

which represents a significant threat to the human health 

safety, Although the current use of the pesticides is a less 

likely threat to the environment and the human than ever 

before but these adverse effects are still major long-term 

concern [11]. The good soil physical quality characterized by 

availability of soil airing and water and has feudal of a 

mechanical resistance to prolifration of roots [12] soil 

assessment is all ways conducted by farmers, and constantly 

in an agricultural view. Biological indicators have more 

effect on soil than other physical and chemical indicators. 

therefore, the quality of soil can be described mainly by its 

biological indicators. concequently, most aspect of 

demographic development in the world mainly depend on the 

soil quality, we need to provide sensitive and accurate tools 

to assess changes in soil quality in a short time scale. To 

assess changes in soil quality in the shortest possible period 

of time we need to provide sensitive and accurate tools [13], 

The potential productivity of the soil should have a useful 

tool for evaluating the effects of soil management and 

assisting officials through management decisions that 

improve crop production and soil management as required 

[12]. Considered soil factors and characteristics of the 

surface soil of the important components of agricultural 

environment. It supports the soil surface and subsurface to 

perform many of the jobs in agriculture, economic and 

human developments [10]. To assess soil management 

impacts and biological, chemical and physical soil health 

indicators of productive crops is a proactive process of soil 

quality assessment (SQ) [14]. The productive agricultural soil 

ecosystem refers to the soil quality because the surface of 

organic matter is necessary to combat soil erosion on the 

surface of the earth [15]. Volatility is determined by the soil, 

the main indicators of its own evaluation, and guidelines 

could be developed for the management, constraints, and 

requirements necessary to improve productivity can be 

identified 

Site. Good understanding of the volatility of the soil, The 

task of crop production capabilities because it allows decision-

makers and farmers to apply more rational agricultural 

techniques. This rational crop management techniques include 

the application of fertilizers to produce higher crop yields as 

well as to reduce the risk of nutrient loss [16]. Cuts represent 

human origin in soil health, the individual components of the 

quality of the soil, a source of concern environmentally urgent. 

A conference was held on "soil health: biological management 

component of the quality of the soil, Helping to raise 

awareness of great importance and benefit on soil components 

and are considered as indicators of soil quality and health as it 

happened in the United States in November 1998, The 

indicators of soil quality and health must be understandable 

and useful to the officials of the lands and they have the final 

decision on soil quality. The living organisms visible such as 

earthworms, insects, and mold has historically met this 

standard. Finally, indicators must be easy and inexpensive to 

measure, but need to know the complexity of measuring the 

classification of organisms in the soil [17] To determine 

preventive measures against agricultural pollution of water 

systems, it is necessary to prevent and measures from the 

competent authorities to fertilize the soil in permissible and 
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non-polluting proportions of the soil [18] There is a modern 

assessment of soil quality on the basis of many biological 

characteristics, not just a few of them, which lead to the 

complexity of the systems and the unclear results on which 

the assessment of soil quality is based [19, 20]. 

3. Material and Methods 

3.1. The Study Area 

Fertilizers and pesticides stores are located in Al-Jazeera 

agricultural project west of Al-Hassa city, and in Qureshi 

station, 4 km north of Al-Hassa city. These stores are 

located on an area of about 2 kilometers from the land, and 

the number of these stores about eight stores very large area 

of one store 40 m in 120 and at a height of approximately 

six meters, and the distance between each Jabalon and the 

other approximately 20 meters, These stores have a wall 

from the north and south side only, but from the west side 

and the way does not have a wall, as well as there are some 

residential areas very close to them as a Qurashi station 

located 500 meters from these stores in the south-west of 

these stores, while the other residential areas farther 

compared In Qurashi Station Area, There are also some 

random places that are almost adhered to these stores and 

used for food and tea vendors for the workers of these 

stores and those who cross the road, and owners of heavy 

vehicles located in that place. 

3.2. Preparation of the Samples 

80 soil samples were randomly taken from four locations 

in a direction north, south, east and west for pesticide and 

fertilizer stores for Al-Jazeera agricultural project near Al-

Hasahisa city in Al-Jazeera state, Sudan, using Oker soil 

sampling device (20 -25) cm deep in Samples were taken 

from different locations of the earth to obtain stable natural 

soil approximately 200 meters for each direction from the 

source. 0.5 kg was taken for each sample from the four sides 

of the source. A homogeneous powdery powder was obtained 

to classify and sort the samples [21]. Samples were then 

placed with half a kilogram Marinelli beakers, and its obtain 

a secular balance between the thorium and radium contents in 

all samples and their daughters, all cups were sealed tightly 

for approximately 28 days [22]. 

3.3. Instruments 

The high-purity germanium detector is of the type, it is 

coaxial and works with an efficiency of 37%, it is multi-

channel in the analysis, and there are 16384 channels made 

by a company Baltic Scientific Instrument Company with 

specific energy equivalent to 1.95 kilovolts for each line of 

energy, as for the precise energy for cobalt 60, which is 

equivalent to 1332.52 photons produced at the source. 

Calibration quality control was performed using standard 

reference materials for soil by the International Atomic 

Energy Agency - 226 and the International Atomic Energy 

Agency - 375. Accordingly, the operating system was 

calibrated and accordingly the concentration of natural 

radioactivity is approved by the International Atomic Energy 

Agency [23]. 

3.4. Samples Analysis 

 80 soil samples weighing 500 g were collected from 

different areas of the fertilizer and pesticide stores of Al-

Jazeera Agricultural Project in Al-Hasahisa area. The 

samples were crushed and screened and placed in plastic 

cans and were closed tightly for a period of four weeks to 

get rid of the radon element. The germanium detector was 

calibrated by investigation by collecting spectra data from 

standard sources with energies ranging from 0.25 to 2.62 

MeV. Then, the energies at the top of the number of 

different spectra were recorded for every 900 seconds, and 

the values of the energies were compensated in 

mathematical equations to obtain the concentration of the 

elements in the sample. 

 

Figure 1. Map of stores of fertilizer and pesticides Al-Jazeera agricultural 

project. 

4. Computation of Radiation Hazard 

Parameters 

4.1. Soil Activity Concentration 

 In order to discover the activity in the soil sample, the 

lower limit of this activity must be known, and the lowest 

readings of the activity of the elements in the sample were as 

follows: 2.7 for radium-26, 9.2 for thorium-232, 0.2 for 

potassium-40, and this was done with the mathematical 

relationship attached below [3] 

( ) εγ MPCnAc kg
Bq =                       (1) 

if it was: 

Pɣ=the absolute transmission probability of the specified 

rays 

Cn=net count rate below the corresponding peak 

e=Detector efficiency at specified ray-power 

Ac=the concentration of radionuclide activity in a sample 
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Soil (Bq / kg) 

M=mass of soil sample (kg) 

4.2. Calculation of Measurement of the Radioactivity 

Concentration of the Absorbed Dose Rate for the Stores 

of Fertilizer and Pesticides 

The concentration of radioactivity is calculated from the 

conversion of the incident rays to a material from a 

radioactive body after the material absorbs this radiation and 

results in the absorbed dose nGy/h per Bq/kg for the 

following elements 40 K, 
232

Th and 
226

Ra which are 0.0414, 

0.623 and 0.461, respectively, and the absorbed dose can be 

calculated The kidney is in the air by applying the above 

factors in the equation below (2) (UNSCEAR, 2008). 

( ) ( ) ( ) ( )KThRa AAAhnGyD 0414.0623.0461.0/ ++=  (2) 

 The concentration of radioactivity can be described by 

unit (Bqkg-1) of the elements of potassium, radium and 

thorium in soil samples as follows: AK, ARa, ATh, [21]. 

4.3. Calculate the Effective Annual Dose (E) 

The estimation of the effective annual dose rates from the 

stores of fertilizer and pesticides, when converting the 

absorbed dose into the effective annual dose, a conversion 

factor of 0.7SvGy-1 and an external occupancy factor of 0.2 

must be present. These factors were established by 

(UNSCEAR, 2008) and on this basis the effective annual 

dose is calculated in unit Sv/y with the relationship below. (3) 

[21] 

( ) ( ) 001.0/7.02.025.36524
11 ×××××= −−

ySvGdayhnGhDSvyE µ   (3) 

5. The Results and Discussion 

 

Figure 2. The activity concentration of the natural radionuclide's 40K, 228Ra, 
226Ra, 232Th, 137Cs Soil samples were measured around fertilizer and 

pesticide stores for this work. 

 

Figure 3. The statistical figure showing the risk index for effective annual 

dose E (µSv/y) and absorbed dose D (nGy/ h). 

The activity was found to concentrate radionuclide's in 

units of Becquerel per kilogram of elements of potassium 40, 

radium 226, thorium 232 and cesium 137, as well as radium 

228, which were naturally produced in soil samples from 

residential areas near stores of fertilizers and pesticides in Al-

Jazeera agricultural project. The activity concentrations of 

the soil samples varied its range of 
40

K, 
226

Ra, 
228

Ra, 232 Th 

and 
137

Cs vary from 232 - 321.75 Bq/ kg for 40 K, 11.6 - 

18.33 Bq/ kg for 
226

Ra, 6.7 - 24.05 Bq/ kg for 
228

Ra, 14.43 - 

27.98 Bq/ kg for 
232

Th, 0 - 1.37 Bq/ kg for 
137

Cs. 

The soil samples showed the concentration of activity in 

the range Specific to each element, and the average activity 

concentration in this study was 268.98 Becquerel / kg for the 

element potassium, 14.54 Becquerel / kg for the element 

radium 226, 15.31 Becquerel / kg for the thorium element, 

and the average radioactivity concentration of the above 

elements was compared with the global readings of the 

average radioactivity concentration and were as follows 400 

Becquerel / kg for potassium, 35 Becquerel / kg for radium 

226, 30 Becquerel / kg for thorium, compared with the report 

of the United Nations Scientific Committee on the Effects of 

Atomic Radiation [23]. The average values of the 

radioactivity concentration in this study of the radioactive 

samples that appeared in the soil appear to be very small 

compared with the United Nations report and some previous 

studies. There are some phenomena for the values of 

radionuclide activity, such as potassium 40, which is 

naturally produced from the remains of fertilizers and 

pesticides, plant residues and animal wastes in the soil in the 

study area, and given the soil samples in which fertilizers, 

pesticides, industrial fertilizers and other agricultural and 

animal wastes are abundant, which leads to a change in the 

concentration of radionuclide activity in them. In this study, 



 Radiation Science and Technology 2021; 7(3): 47-52 51 

 

the rate of absorbed dose of radionuclide's was obtained as 

well as the calculation of the average annual effective dose of 

the radioactive elements that appeared in soil samples which 

are 
40

K, 
226

Ra, 
228

Ra, 
232

Th and 
137

Cs. The dose absorbed in 

the air was in the range between 10.7 to 156.4 nGy/ h, when 

its mean was 56.9 nGy/ h, according to the report of the 

United Nations Committee on the Effects of Atomic 

Radiation. The calculated of the absorbed dose rate 

values±deviations (SD) of 30.54±2.71 nGy/ h. In the study 

area, it was found that the average values obtained are much 

less than the average global values permitted by the UN 

committee that is concerned with the effects of radiation. the 

absorbed dose around the residential areas near the stores of 

fertilizer and pesticides, Al Jazeera agricultural project. The 

annual effective dose were determined to be average of 42.70 

from 115.49 µSv /year with an average of 37.48±3.32 µSv/ 

year. And minimum 29.4 µSv year-1, and maximum 45.72 

µSv year-1. It turns out that most of the values for the 

effective annual dose rate are much less than the permissible 

limit set by the International Committee for Radiation 

Protection by one mSv per year. 

6. Conclusion 

In the conclusion of this research, the concentration of 

radioactivity of radium nuclides 226, radium 228, terium 232 

and cesium 137 around the stores of fertilizers and pesticides 

for the Al-Jazeera agricultural project in Hasahisa area was 

less than the average global natural levels for all 

radionuclide's, as well as the average for calculating the 

absorbed dose in this study, which is less than the average 

global value of the International Committee For the 

prevention of atomic radiation, as well as the average 

absorbed dose rate and the annual dose effect rate for this 

study is very small compared to the global average, and this 

indicates that the distribution of radionuclide's in soil 

samples for that area is a normal distribution. 

In order to protect human health and the environment from 

the harmful effects of radionuclide's that result from the 

imposed use of fertilizers and pesticides on the soil, the 

supervisory authorities in the field of radiation protection 

must develop devices in the field and raise awareness of the 

optimal use of fertilizers and not overuse them. 
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