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Abstract  Uranium is vital to nuclear power generation. Its hazard is a formidable threat to life forms. A small portion of a 
regional land mass - not known for uranium mining was analyzed to examine the risk of future environmental pollution when 
the proposed nuclear plant is cited in the country. The bye product of the spot deposition of uranium over the environs of 
Ewekoro was theoretically examined. Though the radioactive pollution within the region is normal compared to other regions 
of Nigeria, constructing a nuclear power plant without acknowledging the radioactive data could be suicidal for the life forms 
in any part of the country. 
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1. Introduction 
Uranium is the heaviest radioactive element that can be 

naturally present in some rocks and ground-water. Recently, 
a research work conducted by Olukorede et al. [1] in 
Ewekoro, south-west Nigeria, confirmed the presence of 
Uranium and other radio nuclei in the soil about Ewekoro up 
to a distance 25Km from their reference point(cement 
factory). The danger of uncontrolled deposition of uranium 
can be enormous, for example, studies have shown that 
drinking water with uranium levels above 30 ppb may 
increase the risk of kidney failure, liver malfunction, anemia, 
lung cancer among other notable cancerous infection [2, 3]. 
Elevated concentrations of uranium in well water often 
indicate high levels of radon in the home [4]. The radon gas 
generation is proportional to the amount of uranium in the 
underlying ground water, rocks and soils. Aside radon gas, 
Uranium (238U) emits beta and gamma rays which forms a 
significant portion of the external radioactive pollution on 
the earth. Uranium emits radioactive particle which can be 
ingested, inhaled or penetrating the skin. After coal, the 
uranium fuels are the second most abundant sources of 
electric energy in the world [5]. As at 2006, a total of 435 
nuclear power plants were in operation in the world and 
about 29 nuclear power plant under construction [6]. In other 
words, nuclear power generation is a globally accepted 
means of electricity generation.  

Uranium deposits were discovered in six states of Nigeria 
by the Atomic Energy Division of the Geological Survey of  
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Great Britain. The six states includes: Liruai hills in Kano 
state, Kigo hills in Plateau state, Adamawa, Cross River, 
Taraba and Bauchi. The actualization of an African state- 
embarking on nuclear power generation came alive when 
Nigeria’s Federal government signed an energy accord with 
a Russian company, Rosatom Corp, to work on mining 
uranium, building and testing atomic power plants and 
sharing knowledge. It is therefore logical to think of mining 
the uranium before constructing the power station. In the 
eighty's, the Nigeria Uranium Mining Company (NUMCO) 
was established though it was short live. After NUMCO, 
there had been illegal uranium mining in various parts of the 
affected states. The risk of uranium mining is enormous on 
the public health and natural environment. According to 
International Atomic Energy Agency (IAEA), the natural 
environmental risk includes: the risk of environmental 
degradation, contamination, reduced ecosystem viability and 
biodiversity, aesthetics, public amenities, access to land, and 
quarantining of land for future beneficial land use. The 
uranium contamination of water resource by the toxic 
chemicals in the separation of the uranium ore, mismanaging 
of uranium disposal waste from leaching ore, uranium mill 
tailings amongst others are vital waste disposal problems 
must be put into consideration for the smooth running of a 
uranium mining mill and nuclear generating power plant in 
developing countries. The initial environmental state of the 
area must be put into consideration before projecting into 
nuclear power generation. In this paper, we considered the 
spot deposition of uranium in a small portion of a region not 
known for large deposition of uranium. We compared the 
results to other regions where there are mining of uranium 
and we projected our findings into the futuristic danger in 
other parts of the country (Nigeria). This objective of the 
work is to investigate to ascertain if waste disposal from 
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uranium power plant could be managed in developing 
countries. 

2. Theoretical Background 
The geoaccumulation index is defined as 

𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑙𝑙𝑙𝑙𝑙𝑙2 � 𝐶𝐶𝑛𝑛
𝑥𝑥 𝐵𝐵𝑛𝑛

�                 (1) 

where 𝐶𝐶𝑛𝑛  is the concentration of the chemical element n in 
fine grained fraction of the sediments concerned; 𝐵𝐵𝑛𝑛  is the 
geochemical background concentration in the clay fraction 
of sediments (average clay value); 𝑥𝑥 is the adjustment factor 
which provides for local litho logical background values. 
The total dose from internal intake of uranium as 
summarized by World Health Organization [7] is represented 
mathematically as 

𝐷𝐷𝑢𝑢 = ∑ � 𝐶𝐶𝑖𝑖
𝐺𝐺𝐺𝐺𝑖𝑖
� ≤ 1𝑖𝑖                  (2) 

where 𝐶𝐶𝑖𝑖  is the measured activity concentration of 
radionuclide 𝑖𝑖, and 𝐺𝐺𝐺𝐺𝑖𝑖  is the guidance of radionuclide i, at 
an intake of 2 L/day1 for 1 year, which will result in an 
effective dose of 0.1 mSv/year. The specific activity (in Bq 
kg−1), 𝐴𝐴𝐸𝐸𝐸𝐸  , of a nuclide 𝑖𝑖 and for a peak at energy E, is 
given by 

𝐴𝐴𝐸𝐸𝐸𝐸 = 𝑁𝑁𝐸𝐸𝐸𝐸
𝜀𝜀𝐸𝐸×𝑡𝑡×𝛾𝛾𝑑𝑑×𝑀𝑀𝑠𝑠

                (3) 

where 𝑁𝑁𝐸𝐸𝐸𝐸   is the Net Peak Area of a peak at energy Ε, 𝜀𝜀𝐸𝐸  is 
the detection efficiency at energy Ε, t is the counting lifetime, 
𝛾𝛾𝑑𝑑  is the number of gammas per disintegration of this 
nuclide for a transition at energy E, and 𝑀𝑀𝑠𝑠  is the mass in 
kg of the measured sample. The annual dose equivalent is 
given by Marilyn et al., [8]  

𝐷𝐷 = 𝜎𝜎𝜎𝜎𝜎𝜎                    (4) 

Where D is the annual absorbed dose rate in micro Sievert 
per year, σ is the absorbed dose rate in micro Sievert per hour. 
μ is the occupancy factor which is given as 0.2 and t is time 
in hour. 

Equations (1-4) gave rise to the governing equations (5-8) 

𝐷𝐷𝑢𝑢 = exp⁡(𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 )∑ �𝑖𝑖
2
�𝑖𝑖              (5) 

Where 𝑖𝑖 < 2 

𝜎𝜎 =
exp ⁡(𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 )∑ �𝑖𝑖2�𝑖𝑖

𝜇𝜇𝜇𝜇
                  (6) 

𝛾𝛾𝑑𝑑 = 𝑁𝑁𝐸𝐸𝐸𝐸σμexp ⁡(𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 )

𝐴𝐴𝐸𝐸𝐸𝐸 𝜀𝜀𝐸𝐸𝑀𝑀𝑠𝑠 ∑ �𝑖𝑖2�𝑖𝑖
                 (7) 

From the dispersion of contaminants discussed by 
Emetere et al., [9, 10] equation (7) can be written as 

𝛾𝛾𝑑𝑑 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝛽𝛽)𝑉𝑉𝑦𝑦
𝑉𝑉𝑧𝑧

𝑒𝑒�
4𝑥𝑥

𝑘𝑘𝑧𝑧+𝑘𝑘𝑧𝑧2
�             (8) 

Equation [3] therefore transforms to 

𝐴𝐴𝐸𝐸𝐸𝐸 = 𝑁𝑁𝐸𝐸𝐸𝐸 𝜎𝜎𝜎𝜎

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝛽𝛽)𝜀𝜀𝐸𝐸 ∑ �𝑖𝑖2�𝑖𝑖 𝑀𝑀𝑠𝑠
              (9) 

3. Methodology 
A virtual laboratory was developed using MATLAB to 

analyze the mathematical implications of the mathematical 
expression given in equation (5).The assumption is that 
uranium concentration in the ground water, soil and rocks 
decays under the catalyst of natural factors which is a source 
of partial emission of gamma into the atmosphere. Equations 
(8 & 9) is the rate of dispersion of gamma emission into the 
atmosphere which is expressed as the ‘geoaccumulation 
index’. Theoretically, we narrow the work to Ewekoro as 
seen in figure (1) below. 

4. Results and Discussion 
The parameter for the dispersion was analyzed at various 

hazard levels. This was only possible by comparing 
equations (7) & (8) as  

4𝑥𝑥
𝑘𝑘𝑧𝑧+𝑘𝑘𝑧𝑧2

= 𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔               (10) 

σ = 𝑉𝑉𝑧𝑧𝑁𝑁𝐸𝐸𝐸𝐸μ

𝐴𝐴𝐸𝐸𝐸𝐸 𝜀𝜀𝐸𝐸𝑀𝑀𝑠𝑠𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝛽𝛽)𝑉𝑉𝑦𝑦 ∑ �𝑖𝑖2�𝑖𝑖
          (11) 

In order to transform equation (11) to the Klein–Nishina, 
we introduced the acceleration due to gravity (g).  

σ = 𝑉𝑉𝑧𝑧𝑁𝑁𝐸𝐸𝐸𝐸μ

𝑔𝑔Ω𝐴𝐴𝐸𝐸𝐸𝐸 𝜀𝜀𝐸𝐸𝑀𝑀𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐 (𝛽𝛽)∑ �𝑖𝑖2�𝑖𝑖
            (12) 

 is the volume of the dispersed gamma radiation. We 
therefore differentiate both sides with respect to  

𝑑𝑑σ
𝑑𝑑Ω

= − 𝑉𝑉𝑧𝑧𝑁𝑁𝐸𝐸𝐸𝐸μ

𝑔𝑔Ω2𝐴𝐴𝐸𝐸𝐸𝐸 𝜀𝜀𝐸𝐸𝑀𝑀𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐 (𝛽𝛽)∑ �𝑖𝑖2�𝑖𝑖
         (13) 

From the Klein–Nishina, as 𝑑𝑑σ
𝑑𝑑Ω

 vanishes, it is evident that 
equation (13) reduces to 

𝑉𝑉𝑧𝑧𝑁𝑁𝐸𝐸𝐸𝐸μ = 𝑔𝑔Ω2𝐴𝐴𝐸𝐸𝐸𝐸𝜀𝜀𝐸𝐸𝑀𝑀𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐(𝛽𝛽)∑ �𝑖𝑖
2
�𝑖𝑖      (14) 

The gamma radiation dispersion analysis was carried out 
under five conditions i.e. 𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 0.1, 𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 0.2, 𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 0.3, 
𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 0.4, 𝐼𝐼𝑔𝑔𝑔𝑔𝑔𝑔 = 0.5 as shown in figure [1] below. The 
dispersion analysis truly was in agreement with experimental 
results. Line 'a' represents the geoaccumulation index at 0.1, 
presently no region of the country falls within the group a. 
Line 'b' represents the geoaccumulation index at 0.2, the 
experimental field work of Olukorede et al. [1] shows that 
Ewekoro, south west Nigeria belongs to group 'b'. Avwiri et 
al., [10] field work also showed that Onne, south-south 
Nigeria also belongs to the group 'b'. Line 'c' represents the 
geoaccumulation index at 0.3, the experimental field work of 
Arabi et al. [12] shows that Kundiga and Yimirdallang, 
North east Nigeria belongs to group 'c'. Line 'd' represents 
the geoaccumulation index at 0.4, the experimental field 
work of Jwanbot et al., [13] and Laar [14] shows that Barkin 
Ladi, Jos Plateau, north central Nigeria belong to group 'd'. 
Line 'e' represents the geoaccumulation index at 0.5. Low 
geoaccumulation index was chosen because it is assumed 
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that the gamma dispersion is not from the uranium mill but 
from the rocks, soil and ground water within. The result 
below shows that the increase of the geoaccumulation index 
beyond 0.5 is eminent. This may be detrimental to the health 
of the people in such area. Also, the higher the volume of 
radioactive pollution, the intense it is for life forms. At this 
low geothermal index, cases of kidney malfunction 
alongside cancer in both adult and children have increased in 
hospitals [15, 16, 17]. The good thing is that the higher 
volume of gamma dispersion do not travel very far (as shown 
in figure (2)) unlike pollution from anthropogenic sources 
[10]. 

To confirm the results in figure (1), we investigate the Net 
Peak Area at a distance range 0- 25km. We adopted 
Olukorede et al. [1] distances to see the variation difference 
between theoretical and experimental data in order to know 

the accuracy of our model. We assumed a detection 
efficiency of 20% and acceleration due to gravity around the 
cement factory to be 9.81m/s2. The volume were tested at 
0.01m3, 0.1m3, 10m3 and 100m3. 

The general feature of figures (3-6) seems alike. The detail 
of each figures corroborate with the findings in figure (2). 
First, figures (3-6) shows that the dispersion of gamma 
radiation is dependent on the net peak area. Second, it shows 
that gamma pollution is localized. This means that far 
neighboring communities from affected zone may be safe. 
Third, a random directional movement of dispersion is 
noticed which might be as a result of the atmospheric 
deflection force known as the Coriolis force. The distinct 
difference in the features of figure (3-6) is the decrease in the 
Net peak area as the volume of gamma dispersion decreases. 

 
Figure 1.  Study area- Ewekoro, south west, Nigeria 
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Figure 2.  Gamma radiation dispersion within an energy range of 0 - 2.5KeV 
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Figure (3-6).  Net Peak Area analysis at varying distances 

5. Conclusions 
The dispersion of the bye-products of uranium (gamma 

and radon gas) is directly proportional to the Net Peak Area 
and inversely proportional to the propagating distance. The 
spread of both the radon gas and gamma ray seem to be 
localized. The investigation into spot deposition of uranium 
in parts of Nigeria and its effect on other regions with heavy 
uranium deposition has shown that developing country may 
not be matured to control future radioactive pollution from 
nuclear power station. Already, through illegal mining of 
uranium, some parts of the country are already suffering. The 
first step towards constructing a nuclear station is to 
holistically examine the safety parameters in air, water and 
land of all the regions of the country. 
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