
Port Harcourt Journal of Educational Studies (PHAJOES) Vol. 9, No. 2, July, 2024.

    

Journal of the Department of Educational Foundations, University of Port Harcourt Nigeria. Page 503

EVALUATION OF BACKGROUND IONIZING RADIATION LEVEL OF SOME SELECTED OIL SPILL 
COMMUNITIES IN OGBIA LOCAL GOVERNMENT AREA OF BAYELSA STATE, NIGERIA.

1OSU, A. D., 2ONONUGBO, C. P., 3OLIVER, G. & 4AMAKIRI, S.
1Department of Physics, Federal College of Education (Technical), Omoku, Rivers State

2Department of Physics, University of Port Harcourt, Rivers State, Nigeria
3Department of Physics, Ignatius Ajuru University, Rivers State, Nigeria

4Rivers State School of Health and Management Technology, Port Harcourt, Nigeria.

Corresponding Author: azuanosu@gmail.com 08135121802

Abstract

The levels of background ionizing radiation doses were measured in five selected oil spill communities 
with the aid of inspector alert nuclear radiation meter in 25 different locations in Ogbia Local Government 
Area of Bayelsa State of Nigeria. The mean results for the background ionization radiation exposure 
values of five communities were 0.018mR/hr at Kolo 1 (K1) community, 0.0192mR/hr at Kolo 2 (K2) 
Community, 0.016mR/hr at Kolo 3 (K3) community, 0.017mR/hr at Emeyal 1 and 0.018mR/hr at Emeyal 
2 (E2) community. These exposure rate values from the five communities exceeded the ICRP standard 
value of 0.013mR/hr (ICRP, 2010). The AEDE reported at Kolo 1, Kolo 2, Kolo 3, Emeyal 1 and Emeyal 
2 are 0.196mSv/yr, 0.204mSv/yr, 0.166mSv/yr, 0.177mSv/yr and 0.198mSv/yr respectively with Kolo 2 
having the highest value and Kolo 3 having the lowest value. All the mean AEDE are higher than the 
world average value of 0.07mSv/yr but lower than the ICRP recommended permissible limits of 1.00 
mSv/yr for the general public. This implies that the studied areas are in good agreement with permissible 
limit and do not constitute any immediate radiological health effect on the general public due to BIR 
exposure. The absorbed dose rate in of Kolo 1 (K1) is 160.2 Gyhr-1, 167.0 Gyhr-1for Kolo 2 (K2) 
136.0 Gyhr-1 for Kolo 3 (K3), 144.0 Gyhr-1for Emeyal 1 and 160.0 Gyhr-1 for Emeyal 2 (E2). The 
absorbed doses in all the communities are far higher than the world permissible average value of 
59.00 Gy/hr and recommended safe limit of 84.0 Gy/hr (UNSCEAR, 2008. The estimated mean ELCR 
reported in this work are 0.688 x 10-3, 0.717 x 10-3, 0.583 x 10-3, 0.625 x 10-3 and 0.687 x 10-3 for Kolo 1, 
Kolo 2, Kolo 3, Emeyal 1 and Emeyal 2 respectively. These values are higher than the average standard 
value of 0.29×10-3. The implication of these ELCR values is that there exists the possibility or likelihood 
of one developing cancer overtime in life due to exposure within the studied environments.
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Introduction

Human exposure to background ionizing radiation from natural environment is an inevitable 
phenomenon on earth as about 90% of human radiation exposure arises from natural sources (Rani and
Singh, 2005). This is because 
(NORMs) which are widely spread and exist in various matrix of our environment. These various 
matrixes include different geological formations such as soil, water, rocks and air and are indeed the 
sources to external and internal background ionizing radiations to humans Sadiq and Agba, (2018). 
Sources of external background ionizing radiation include cosmic radiation from the rays of the sun 
and ground radiation in the form of heat and light energy while the internal source include food and 
water contaminated with radionuclides which are taken by humans and enters the body. Background 
Ionizing radiation as a natural source has increased over the years due to human quest for 
industrialization and energy demand (Achuka, et al., 2019). This is very worrisome due to its known 
effects of high-dose exposure from inhalation of radioactive gas (radon) produced by naturally 
occurring radioactive minerals in rocks and soils in the environment.
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Radon, a colourless, odourless and tasteless naturally occurring radioactive gas emits ionizing radiation 
as it undergoes radioactive decay (EPA, 1994). The concentrations of radon gas depend on the 
concentrations of uranium and thorium in the soil content of a particular location and region as it is 
specifically produced during radioactivity decay series of uranium and thorium radionuclides in soil, 
rocks and groundwater (Rao et al., 2018). This varies widely across different regions depending on the 
composition of the soil and rock matter. However, when these materials are released into the 
atmosphere, these radioactive gases (radon, thorium) are diluted normally in the atmosphere, though 
it is harmless, but can be trapped and become accumulate overtime in buildings and be inhaled by 
residents (WHO, 2021). This infect and exposes the populace to high radiation doses and hazards risk 
not only to uranium miners, but also to inhabitants and shopkeepers who use these buildings for 
residential accommodation and business purposes Abdulmalik, et al., (2021). Therefore, people at their 
homes neither nor workplaces where they spend more time are prone to radon gas exposure in the 
environment as it estimated that about 80% of the populace spends 24hrs indoor while 20% stays 
outdoor respectively (Farai and Jubril, 2015).

Other materials in the environment such as clay soil, water and oil shale ash primarily mixed with 
cement that is produced mainly from limestone of naturally occurring radioactive materials are used 
for the construction of residential buildings and culverts in our communities. According to (Ademola 
and Oguneletu, 2015), as cited in Collins et al., 2022), one of the potential causes of indoor exposure to 
radionuclides is the type of materials used in the construction of many inhabited modern houses. The 
end result of this is increased BIR levels and very high doses of ionizing radiation and can cause lung 
cancer, other illnesses and death if the limit inhaled by residents exceeds the globally permissible dose 
limit (ATSDR, 2019).

The history of Ogbia Local Government Area cannot be complete in the exploration of crude oil and 
gas in Nigeria. This is because Oloibiri where the crude oil and gas exploration activities were carried 
out and discovered in commercial quantities in 1956 is in Ogbia local government area of bayelsa state, 
then Rivers State. Despite the numerous economic benefits of crude oil and gas to Nigeria, the 
exploration activities on the other hands are unsafe and destructive to the environment even at its best 
and safest operating practices. This best and unsafe operating practices act pollute the environment and 
aids the redistribution of naturally occurring radioactive materials (NORM) that are within the earth 
crust and brought to the surface during the processes (Avwiri et al., 2017).

Other similar activities polluting the environment are regular applications of high yielding fertilizers 
and agrochemicals by farmers for controlling pests and weeds can greatly enhance natural radioactivity 
contents of the soil and radiation levels of farm soil and the farm environment as a whole. Also, making 
of ridges or digging of gutters have the capability of redistributing 20-40 cm down layered soil to the 
top surface and radioactive elements initially associated with the deep soil can reach the top surface 
with ease. All the activities overtime can restructure elevate and redistribute the concentration of 
radionuclides in the soil profile and renew the soil texture (Khater, 2008; Ahialey et al., 2014). 
Therefore, farmers who attend to their farms regularly and the people living within the vicinity where 
these farms are located will be prone to high level of background ionizing radiation exceeding the 
normal limits and crops grown and harvested on such radionuclides contaminated soils may also 
increase, through various uptake mechanisms from soil to plant.

With the establishment of many tertiary institutions in the area, Ogbia communities has recorded a 
significant increase in urbanization and human capital development over the past decade and as a result 
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of this, many modern homes, schools, shops, plazas, shopping malls and even places of worship use 
cement made from limestone and other building materials to accommodate the enormous growing 
population. These building materials contain radioactive materials that emit harmful ionizing radiation 
into the surroundings and can enter the human body through inhalation or ingestion of air and food 
(Jwanbot et al., 2019). Also, these ionizing radiations become dangerous when accumulated overtime 
in large quantities in our cells and body organs and tissues. The perceived implication of increase 
background ionizing radiation levels of farmlands due to regular application of fertilizers and other 
agrochemicals suggest the need to investigate the background ionization radiation levels and doses in 
selected oil spill communities of Ogbia LGA of Bayelsa State.

Materials and Methods

Study Area: Ogbia is a local government area (LGA) in Bayelsa State, Nigeria with its administrative 
headquarters in Ogbia town playing a host to the Bayelsa State College of Health Technology, O. It is 
located in the south-south geopolitical zone of Nigeria. It is approximately situated between latitude 
N40 33' and N40 45' and longitude E60 15' and E60 29'. It is the area where the first crude oil in 
commercial quantity was first discovered in 1956.The area is criss-cross with networks of pipelines 
carrying oil and gas to flow stations from various oils and gas wells (UNDP, 2006; Avwiri, et. al., 2007).
The study was carried out in five communities of the LGA which are Kolo 1, Kolo 2, Kolo 3, Emeyal 
1and Emeyal 2. The major occupation of the people are farming, fishing and trading etc. 

Figure 1: Map of Ogbia LGA Showing the Communities in Bayelsa State
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Sampling and Measurement:

An in-situ approach of measurement with the standard practice of elevating the detector tube 1.0 m 
above ground level was adopted. The window of the detector was made to face the point under 
investigation. This was to enable sample points maintain their original environmental characteristics 
(Agbalagba et al, 2016; Ugbede & Echeweozo, 2017). The readings were then taken between the hours 
of 1300 and 1600. This is because the radiation meter has a maximum response to radiation within these 
hours as recommended by the National Council on Radiation Protection and Measurements (NCRP, 
1993). Five farms were selected from each community and the precise locations of the farms were 
determined using a geographical positioning system (GPS). For each location, five BIR measurements 
were taken for each farm at an interval of four minutes to account for any error due to fluctuation in 
the environment parameters (Agbalagba, 2017). These measurements were taken and the average 
recorded to a single BIR exposure value. The relevant conversion was then done. 

The data generated were converted to absorbed dose rate nGy/h using the relation for the external 
exposure rate (CDC, 2021).

Results and Discussion 

Equivalent Dose Rate (EDR

The whole-body equivalent dose rate over a period of one year was estimated using the equation 
proposed by the National Co
(CDC, 2021).

                                                      2

3.2 Absorbed Dose Rate (ADR) 

This is the energy imparted to the human body or matter from any type of radiation for a given period. 
The data obtained for the external exposure rate in mRh-1 were converted into absorbed dose rates 

Gyh-1 using the conversion factor [10].

               3

Annual Effective Dose Equivalent (AEDE) 

The annual effective dose equivalent received by farmers and people living in the area were estimated 
from the absorbed dose rate, a dose conversion factor of 0.2 Sv/Gy the occupancy factor for outdoor 
was 0.2. It has been estimated that people spend approximately 6 hours outdoors. The annual effective 
dose equivalent is determined using the following equations (Okoye and Avwiri, 2013).

             

Where ADR is the absorbed dose rate in Gy/h, 8760 is the total hours in a year; 0.7Sv/Gy is the dose 
conversion factor from absorbed dose in air to the effective dose with an occupancy factor of 0.2 for 
outdoor exposure as recommended by UNSCEAR (2008).
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Excess Lifetime Cancer Risk (ELCR) 

Excess lifetime cancer risk measures the stochastic effects produced by low dose background ionizing 
radiation. It is the additional cancer risk induced by exposure to ionizing radiation. The values of 
lifetime cancer risk are calculated using the equation (Ononugbo & Nwokeoji, 2017; Sani et al., 2009).        

                             

Where    is the annual effective dose equivalent, is average duration of life (70 years), Risk 
can be defined in general as the probability (chance) of injury, illness, or death resulting from some 
activity overtime (ICRP, 2005). and is the fatal cancer risk factor per sievert (Sv 1). For low-dose 
background radiation, which is considered to produce stochastic effects, ICRP 103 uses a fatal cancer 
risk factor value of 0.05 for public exposure (ICRP, 2007). ELCR = a term used to estimate the 
difference between the proportion of persons who will develop or die of cancer (per sievert) in an 
exposed population compared to the people in a similar population that were not exposed to 
radiation.

The body organs/tissues radiation doses such as the lungs, ovaries, bone marrow, testes, kidneys, liver 
and whole body due to inhalation were computed using equation stated below.

        6

Where; = the conversion factor of organ doses from air dose and = 0.64 for the lungs, 0.58 for 
ovaries, 0.69 for bone marrow, 0.82 for testes, 0.62 for kidneys, 0.46 for live and 0.68 for whole body 
(ICRP, 1996; Darwish et al., 2020).

Presentation of Results

The results obtained in this study are presented in Tables 1, 2, 3, 4 and 5.

Table 1: Measured Radiation Exposure Rate and Estimated Radiological Risks at Kolo 1 

S/N Sample ID Geographical 
Coordinates

Exposure 
Rate 
(mR/hr)

Absorbed 
Dose Rate
(nGy/hr)

AEDE 
(mSv/yr)

ELCR
X 10-3

1. Kolo1 Location 1 04o25925N 
06o19214E 

0.015 131.0 0.160 0.560

2 Kolo1 Location 2 04o25926N 
06o19212E 

0.019 165.0 0.203 0.710

3. Kolo1 Location 3 04o25928N 
06o19123E 

0.020 174.0 0.213 0.750

4. Kolo1 Location 4 04o25929N 
06o18921E 

0.020 174.0  0.213 0.750

5. Kolo1 Location 5 04o25927N 
06o19224E 

0.018 157.0 0.192 0.670

Mean           0.184            160.2       0.196 0.688

Average ICRP, 2003           0.013        84.00       1.000         0.29
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Table 2: Measured Radiation Exposure Rate and Estimated Radiological Risks at Kolo 2
S/N Sample ID Geographical 

Coordinates
Exposure 
Rate 
(mR/hr)

Absorbed 
Dose Rate
(nGy/hr)

AEDE 
(mSv/yr)

ELCR
X 10-3

1. Kolo2 Location 1 04o26253N 
06o19045E 

0.014 122.0 0.149 0.523

2. Kolo2 Location 2 04o26372N 
06o19056E 

0.022 191.0 0.234 0.822

3. Kolo2 Location 3 04o26371N 
06o19163E 

0.023 200.0 0.245 0.859

4. Kolo2 Location 4 04o26378N 
06o19158E

0.022 191.0 0.234 0.822

5. Kolo2 Location 5 04o26375N 
06o19145E 

0.015 131.0 0.160 0.560

Mean             0.019          167.0               0.204 0.717

Average ICRP, 2003 0.013          84.00               1.000        0.290

Table 3: Measured Radiation Exposure Rate and Estimated Radiological Risks at Emeyal 1 (E1)
S/N Sample ID Geographical 

Coordinates
Exposure
Rate 
(mR/hr)

Absorbed 
Dose 
(nGy/hr)

AEDE 
(mSv/yr)

ELCR
X 10-3

1. Emeyal1 Location 1 04o27227N 
06o19418E 

0.018 157.0 0.192 0.672

2. Emeyal1  Location 2 04o27226N 
06o19417E 

0.015 131.0 0.160 0.560

3. Emeyal1  Location 3 04o27228N 
06o19416E 

0.020 174.0 0.213 0.747

4. Emeyal1  Location 4 04o27225N 
06o19415E 

0.016 139.0 0.171 0.598

5. Emeyal1  Location 5 04o27229N 
06o19419E 

0.014 122.0 0.149 0.523

        Mean    0.017             144.6            0.177     0.620

Average Icrp, 2003    0.013             84.00            1.000        0.290

Table 4: Measured Radiation Exposure Rate and Estimated Radiological Risks at Emeyal 2 (E2)
S/N Sample ID Geographical 

Coordinates
Exposure
Rate 
(mR/hr)

Absorbed
Dose 
(nGy/hr)

AEDE 
(mSv/yr)

ELCR
X 10-3

1. Emeyal2 Location 1 04o27566N 
06o19752E 

0.020 174.0 0.213 0.747

2. Emeyal2 Location 2 04o27569N 
06o19746E 

0.022 191.0 0.245 0.822

3. Emeyal2 Location 3 04o27563N 
06o19745E 

0.018 157.0 0.192 0.672

4. Emeyal2 Location 4 04o27562N 
06o19741E 

0.016 139.0 0.171 0.598

5. Emeyal2 Location 5 04o27567N 
06o19748E 

0.016 139.0 0.171 0.598

         Mean                                                               0.018 160.0           0.198         0.687

Average ICRP, 2003    0.013            84.00            1.000          0.290
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Results and Discussion

The results for the BIR exposure level measurements and the associated radiological health parameters 
for the Kolo 1, Kolo 2, Kolo 3 and Emeyal 1 are given in Tables 1 - 5 respectively. The results for the 
background ionization radiation exposure values of five communities as presented in tables 1 5 below. 
The BIR values ranged from 0.015mR/hr to 0.020mR/hr with a mean of 0.018mR/hr at Kolo 1 (K1) 
community, 0.014mR/hr to 0.023mR/hr with a mean of 0.0192mR/hr at Kolo 2 (K2) Community, 
0.014mR/hr to 0.018mR/hr with a mean value of 0.016mR/hr at Kolo 3 (K3) community, Emeyal 1 
(E1) exposure values ranged from 0.014 to 0.020mR/hr with a mean value of 0.017mR/hr, 0.016mR/hr 
to 0.022mR/hr with a mean value of 0.018mR/hr at Emeyal 2 (E2) community. These exposure rate 
values from the five communities studied; Kolo 1, Kolo 2, Kolo 3, Emeyal 1 and Emeyal 2 communities 
exceeded the ICRP standard value of 0.013mR/hr (ICRP, 2010). This shows that the background 
ionizing radiation levels of these Ogbia communities in Bayelsa State are elevated and agrees with the 
results obtained in Effurun and Warri, Delta State in the same Niger Delta region of Nigeria by 
Agbalagba, (2017). The high values of background ionizing radiation obtained of all the communities 
in the study areas can be attributed to the regular application of agrochemicals by farmers to boost soil 
fertility for crops, heavy oil exploration, crude oil spillages and drilling operational activities that taking 
place in the area leading to radioactive contamination as cited by Ononugbo, (2011). The relative 
spacing of the contour lines indicates the relative slope of the surfaces and the distributions of radiation 
exposure rates of high values and low values. This shows that the background ionizing radiation levels 
of these five Ogbia communities in Bayelsa State are elevated and agrees with the results obtained in 
Effurun and Warri, Delta State where similar temperature patterns seem to exists in the same Niger 
Delta region of Nigeria by Agbalagba, (2017).

Figures 1-5 show the radiation contour maps of each community. The relative spacing of the contour 
lines indicates the relative slope of the surface and the distribution of radiation exposure rates of high 
values and low values.

                            

    Figure 1: Radiation contour map of Kolo 1 Location and its environs (x,y axes in deg.), 0.018 in mR/h
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Figure 2: Radiation contour map of Kolo 2 locations and its environs (x,y axes in deg.), 0.019 in mR/h

                                   
Figure 3: Radiation Contour Map for Kolo 3 Location and its Environs (x, y axes in deg.), 0.016 in mR/h
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Figure 4: Radiation contour map of Emeyal 1 location and its environs (x, y axes in deg.), 0.017 in mR/h

                     

Figure 5: Radiation contour map of Emeyal 2 and its environs (x, y axes in deg.),  0.018 in mR/h)
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The annual effective dose equivalent (AEDE) is used in radiation assessment and protection to quantify 
the whole body absorbed dose per year. In this study, the mean AEDE reported at Kolo 1, Kolo 2, 
Kolo 3, Emeyal 1 and Emeyal 2 are 0.196mSv/yr, 0.204mSv/yr, 0.166mSv/yr, 0.177mSv/yr and 
0.198mSv/yr respectively with Kolo 2 having the highest value and Kolo 3 having the lowest value. 
All the mean AEDE are higher than the world average value of 0.07mSv/yr (Agbalagba, 2017; Al 
Mugren, 2015) but lower than the ICRP recommended permissible limits of 1.00 mSv/yr for the 
general public and 20.00 mSv/yr for occupational workers respectively within a year (ICRP, 2007). 
This implies that the studied areas are in good agreement with permissible limit and do not constitute 
any immediate radiological health effect on the general public due to BIR exposure. However, 
assessment of activity concentration of natural radionuclides and BIR levels in the areas should be 
carried out regularly in order to ensure that exposure to radiation within the areas is kept to as low as 
reasonably achievable. The AEDE reported values in the five communities under this study are closely 
in line with those of 0.15±0.03 mSv/yr to 0.20±0.06 mSv/yr reported by Agbalagba, (2017) in similar 
Warri and Effurun environment and Bubu and Ononugbo, (2023) in Choba environment of Delta State 
and Rivers State, Nigeria respectively.

The absorbed dose rate in of Kolo 1 (K1) ranged from 131 174.0 Gyhr-1 with a mean value of 
160.2 Gyhr-1, 122.0 200.0 Gyhr-1 with a value of 167.0 Gyhr-1for Kolo 2 (K2) 122.0 157.0 Gyhr-1

with a mean value of 136.0 Gyhr-1 for Kolo 3 (K3), 122.0 174.0 Gyhr-1 with a mean value of 
144.0 Gyhr-1for Emeyal 1 and 139.0 191.0 Gyhr-1 with a mean value of 160.0 Gyhr-1 for Emeyal 2 
(E2). The absorbed doses in all the communities are far higher than the world permissible average value 
of 59.00 Gy/hr (Agbalagba et al., 2010; Agbalagba, 2017) and recommended safe limit of 84.0 Gy/hr 
(UNSCEAR, 2008; Ononugbo and Mgbemere, 2016). Also, the result of this work is similar to that of 
Agbalagba, (2016) on the assessment of excess lifetime cancer risk from gamma radiation levels in 
Effurun and Warri city of Delta State, Nigeria. They are also higher than values reported in some part 
of the world as documented in the UNSCEAR (2000) report (UNSCEAR, 2000). These countries 
include: New Zealand (20.0 Gy/hr), United States (38.0 Gy/hr), United Kingdom (60.0 Gy/hr), 
Poland (67.0 Gy/hr), Norway (80.0 Gy/hr), China (100.0 Gy/hr), Portugal (102.0 Gy/hr), Italy 
(105.0 Gy/hr) etc (UNSCEAR, 2000). However, the obtained gamma dose rates obtained in this study 
is similar to the range of values as reported in Turkey, 78.30 -135.70 Gy/hr (Erees et al., 2019) Japan, 
13.8 to 187.0 Gy/hr (Chikassawa, 2021) and 75.0 to 509.38 Gy/hr (Amekudzie et al., 2021).
The term excess lifetime cancer risk (ELCR) is used to define the probability that an individual will 
develop cancer over his lifetime of exposure to radiation (Ononugbo et al., 2011). It is also the 
probability of a fatal cancer development over a lifetime due to exposure. Therefore, for low dose 
radiation exposure, cancer may develop when an exposed individual has reached an advanced age, if it 
will occur at all. The estimated mean ELCR reported in this work for each community as seen in 
(tables 1- 5) are 0.688 x 10-3, 0.717 x 10-3, 0.583 x 10-3, 0.625 x 10-3 and 0.687 x 10-3 for Kolo 1, Kolo 2, 
Kolo 3, Emeyal 1 and Emeyal 2 respectively. These values are higher than the average standard value 
of 0.29×10-3 (UNSCEAR, 2008; Avwiri et al., 2016). The implication of these ELCR values is that 
there exists the possibility or likelihood of one developing cancer overtime in life due to exposure 
within the studied environments. The ELCR values recorded in this study as shown in tables 1-5 of 
this work are due to the high absorbed dose and AEDE values resulting from BIR exposures which are 
attributed to enhanced concentration of natural radionuclides in the environment due to human 
activities.
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