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ABSTRACT 

	The Excess lifetime cancer risk has been computed from background ionizing radiation in Rukpokwu and Aluu communities using the GQ Nuclear radiation Detector (Gmc-300E plus). The geographical positioning system (GPS) was used to record the geographical coordinates of the measured sample points. The Excess Lifetime Cancer Risk (ELCR) describes the potential carcinogenic effects of ionizing radiation on humans. The measured Background ionizing radiation in Rukpokwu varied from 0.009 mR/hr-0.013 mR/hr with an overall average of 0.0107±0.0014 mR/hr while that of Aluu community ranged from 0.007mR/hr-0.013mR/hr with an overall mean of 0.0107±0.0062 mR/hr. The computed annual absorbed dose ranged from 75.4nGy/hr-113.1nGy/hr with an overall average of 91.64±3.69 nGy/hr for Rukpokwu town, while the absorbed dose for Aluu town varied from 58.0 nG/hr-116.0 nG/hr with an overall average of 92.51±4.90 nG/hr. Also, the annual effective dose rate (AEDR) calculated for Rukpokwu community varied from 0.12mSv/yr-0.17mSv/yr with an overall average of 0.140±0.06mSv/yr. While, the annual effective dose rate (AEDR) calculated for Aluu town ranged from 0.09mSv/yr-0.18 mSv/yr with an overall mean of 0.142±0.08mSv/yr. The excess lifetime cancer risk computed for Rukpokwu town ranged from 0.40×10-3-0.61×10-3 with an overall average of (0.19±0.062) ×10-3. Also, the calculated excess lifetime cancer risk for Aluu community varied from 0.42×10-3 -0.62×10-3 with an overall average of (0.40±0.03) ×10-3. The measured background ionizing radiation for both Rukpokwu and Aluu communities are all lower than the safe limit of 0.013 mR/hr by the International Commission on Radiological Protection (ICRP, 2000). These values indicate that the people within these locations may  not  be in  danger of any health hazard arising  from the exposure to background ionizing radiation    Although, the computed values of the absorbed dose, annual effective dose rate, and the excess lifetime cancer risk are all slightly above the safe limits of 59.0 nGy/hr, 1.0 mSv/yr and 0.29×10-3  respectively by the International Commission on radiological Protection (ICRP, 2000). However, there is presently no reported cases of health hazards arising from exposure to background ionizing radiation from the two communities. But a routine monitoring of the sample areas is required.   
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1. INTRODUCTION 
Humans are usually exposed   to radiation from different sources including rocks, soil and terrestrial bodies (Ononugbo and Komolafe, 2016). Some of these radiations may be man-made such as medical    imaging X-ray diagnostic centers, radiotherapy equipment, security screening equipment and smoke detectors (Ononugbo and Komolafe, 2016). Others are naturally occurring and are described as Background Ionizing Radiation (BIR) (Olagbaju et al, 2021). The naturally occurring radiations can be detected   in various geological formations such as soils, rocks, plants, water and air (Taskin et al, 2009). “The greater amount of natural background radiations is mainly from rock disintegration through a natural process. They are transported to the soil by run-off by the rain, making soil radioactivity one of the main determinants of natural background radiation” (Taskin et al, 2009). “Some activities such as    mining, milling, dredging greatly increase the background ionizing radiation in our environment” (Ononugbo and Komolafe, 2016; Atoufi and Lampert, 2020; Al-Hamarneh and Awadallah, 2009).

Some naturally occurring radioactive materials (NORM) are present in oil and gas fields, and indicates a potential health risk to workers and host communities (International Atomic Energy Agency, 2012). Therefore, the Oil and gas Industries are a significant source of naturally occurring radioactive materials, which involves radionuclides like, radon, thoron and their progenies (World health organization, 2019). Oil wells and other related industries can be contaminated with NORM, leading to increased ionizing radiation exposures to the populace of the surrounding environment (Anekwe et al, 2013). Long time exposure to elevated levels of NORM can increase the risk of Carcinogenic damage, and other associated health hazards (National Cancer Institute, 2020). The exploration of oil and gas resources has   immensely added to the environmental pollution and degradation (Ononugbo and Komolafe, 2016) which in combination to the already existing NORMs adversely impact to the health of the people around these sites.  

Rukpokwu and Aluu communities, are located in Rivers State, Nigeria, and are host communities to Oil wells and have in the past expressed similar concerns about potential radiation exposure (Okeahialam and Okeke, 2020). An earlier study conducted in nearby communities revealed elevated radiation levels, necessitating the need for a comprehensive study on the level of ionizing levels in these areas (Ibrahim et al, 2023). In this study, utilizing the determined radiological health risk   parameter such as excess lifetime cancer risk, it aims to raise awareness among the host communities on issues related to overall environmental quality, impacts on individual wellbeing, and potential ways to mitigate these impacts. This study was necessitated by the increase in the population of the people in both communities, availability of more infrastructural developments, and the increase in the oil and gas exploration activities within these communities.

The manuscript reports a pioneering assessment of lifetime cancer risk from terrestrial gamma radiation and NORM exposure in Niger Delta oil-producing communities, using ICRP-103/UNSCEAR coefficients and field-measured dose rates near oil wells. It demonstrates that locally derived risks exceed standard background assumptions, challenges existing regulatory classifications, and provides evidence to inform zoning, resettlement, and dose limits, while offering a transferable methodology and supporting policies to reduce environmental health disparities in oil-field regions. This manuscript contributes to environmental radiation physics by providing site-specific data on background ionizing radiation and associated radiological health risk parameters in oil-producing communities. The assessment of excess lifetime cancer risk (ELCR) is particularly relevant for public health planning and environmental monitoring in regions affected by oil and gas activities. The results add to the growing database of background radiation levels in the Niger Delta region and can support regulatory decision-making. Overall, the study is relevant to researchers, environmental physicists, and health policymakers.
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Figure 1: Map of the Study Area Showing Rukpokwu and Aluu Community respectively
2.0 materials and methods 

The GQ Nuclear radiation detector (GMC-300) was used for the measurement of the background ionizing radiation. It is a hand-held meter, which raised to height of about 1m above the ground level to measure the background Ionizing radiation (BIR) at the selected sample locations.  Ten sample points readings were randomly taken in each of the communities; at each sample point three (3) distinct readings were taken for each sample point and the mean values were recorded. The Global Positioning System (GPS) was used to record the geographical co-ordinates of the sample points. The following radiological health parameters were computed.
2.1 AVERAGE VALUE (MEAN VALUE) OF THE BIR
The mean value was computed using the expression;
                          …………………….. (1)
Where,
n = number of reading(s)
x = total number of readings (average)

                                                      1μR⁄ℎ = 8.7 nGy⁄ℎ =8.7 × 10 μGy/ ()                 (2)
                                                       1μR⁄ℎ = 876.212 μGy/y

2.2 ANNUAL ABSORBED DOSE
[bookmark: _GoBack]“Absorbed dose is a term used to describe the potential biochemical changes in specific tissues in the human body” (Orlunta and Agbonifo, 2025). “Dose conversion factor of 0.7 Sv/Gy as recommended by UNSCEAR for the conversion coefficient from the absorbed dose in air to the effective dose received by adults” (Agbalagba, 2017) and an occupancy factor of 0.25 for outdoor exposure was used (Olanrewaju and Avwiri, 2017). The annual effective dose equivalent was estimated using Equation 3.

     AEDE (outdoor)(mSv/y) = Absorbed dose(nGy/h) × 8760 × 0.7Sv/Gy × 0.25          (3)

2.3  COMPUTED EXCESS LIFE CANCER RISK FROM IONISING RADIATION CONCENTRATION
The excess life cancer risks (ECLR) describes the potential Carcinogenic effects, calculated based on the probability of cancer-induced incidence in a population. This is a result of exposure to radiation or the intake of harmful chemical substances for a lifetime. In other words, the ELCR indicates the chances of contracting a cancer from the exposure from radiation or toxic chemical substances for a specific lifetime. According to (ICRP) the excess lifetime is calculated from the equation

                                  ECLR= AEDE× (DL) × (RF)                                                       (4)
Where,
AEDE =Annual effective dose equivalent
DL = Average Duration of Life (70 years)
RF = Risk Factor 0.05×10ˉ⁵ per Sievert (Orlunta and Sokari, 2023)

2.4 Statistical Analysis
The data were analyzed with MS-Word 2019 for plotting of bar charts, SPSS-20 for computing mean and standard deviation, and Surfer 20.0 Software for plotting of contour maps.    

3.0 results and discussion
Tables 1 and 3 show the values of the measured background ionizing radiation with their corresponding geographical coordinates in both Rukpokwu and Aluu oil wells. Tables 2 and 4 show the results of the average background ionizing radiation levels and their corresponding health effect parameters; Annual absorbed dose, annual effective dose rate and the excess lifetime cancer risk. Table 5, shows a comparison of the mean values of the BIR levels and corresponding health effects parameters in both Rukpokwu and Aluu sample location with the acceptable world averages. Figures 1-5, show the comparison of BIR levels, absorbed dose, annual effective absorbed dose rate, ECLR world averages and the comparison of radiological parameters of Rukpokwu and Aluu sample location respectively.

	Table 1: Measurement of Background Ionization Radiation level of Ten Locations in Rukpokwu Community

	S/N
	Geographical Coordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
(mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	RUK-1
	6° 59' 53.6280"
	4° 54' 45.3738"
	0.008
	0.010
	0.012
	0.010

	RUK-2
	4° 54' 22.7262"
	6° 59' 58.7142"
	0.007
	0.011
	0.009
	0.009

	RUK-3
	4° 54' 22.4172"
	7° 0' 3.002400"
	0.012
	0.016
	0.011
	0.013

	RUK-4
	4° 57' 19.5942"
	7° 0' 2.883600"
	0.014
	0.009
	0.012
	0.012

	RUK-5
	4° 54' 12.5748"
	6° 59' 47.7774"
	0.011
	0.016
	0.008
	0.012

	RUK-6
	4° 54' 12.1824"
	6° 59' 45.2724"
	0.008
	0.013
	0.011
	0.011

	RUK-7
	4° 54' 13.0026"
	6° 59' 45.4482"
	0.015
	0.011
	0.006
	0.011

	RUK-8
	4° 56' 2.98260"
	6° 58' 34.5648"
	0.006
	0.009
	0.011
	0.009

	RUK-9
	4° 56' 2.95740"
	6° 58' 34.4028"
	0.012
	0.007
	0.009
	0.009

	RUK-10
	4° 56' 3.14100"
	6° 58' 34.2798"
	0.006
	0.010
	0.016
	0.011

	Average 0.0107± 0.0140




	
Table 2: Radiological Parameters of Rukpokwu Community

	S/N
CODE
	Average Radiation level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	RUK-1
	0.010
	87.0
	0.13
	0.47

	RUK-2
	0.009
	78.3
	0.12
	0.42

	RUK-3
	0.013
	113.1
	0.17
	0.61

	RUK-4
	0.012
	101.5
	0.16
	0.54

	RUK-5
	0.012
	101.5
	0.16
	0.54

	RUK-6
	0.011
	92.8
	0.14
	0.50

	RUK-7
	0.011
	92.8
	0.14
	0.50

	RUK-8
	0.009
	75.4
	0.12
	0.40

	RUK-9
	0.009
	81.2
	0.12
	0.44

	RUK-10
	0.011
	92.8
	0.14
	0.50

	 Mean
	0.0107±0.00142
	91.64±3.69
	0.140±0.06
	0.19±0.062

	Acceptable limits
	0.013
	89.0
	1.0
	0.29



	Table 3: Measurement of Background Ionization Radiation level of Ten Locations in Aluu Community 

	S/N
	Geographical Coordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
(mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	ALU-1
	4° 56' 2.3886"
	6° 58' 38.7186"
	0.013
	0.010
	0.009
	0.011

	ALU-2
	4° 55' 56.7582"
	6° 58' 34.3446"
	0.007
	0.009
	0.011
	0.009

	ALU-3
	4° 56' 3.0912"
	6° 58' 34.338"
	0.012
	0.010
	0.014
	0.012

	ALU-4
	4° 56' 2.886"
	6° 58' 34.7052"
	0.014
	0.016
	0.006
	0.012

	ALU-5
	4° 56' 2.6622"
	6° 58' 34.3482"
	0.016
	0.010
	0.007
	0.011

	ALU-6
	4° 56' 2.562"
	6° 58' 34.3884"
	0.008
	0.003
	0.009
	0.007

	ALU-7
	4° 56' 2.8644"
	6° 58' 34.4202"
	0.015
	0.012
	0.005
	0.011

	ALU-8
	4° 56' 2.7594"
	6° 58' 34.3518"
	0.007
	0.013
	0.011
	0.010

	ALU-9
	4° 56' 2.8422"
	6° 58' 34.3266"
	0.018
	0.012
	0.010
	0.013

	ALU-10
	4° 56' 3.0408"
	6° 58' 34.41"
	0.007
	0.014
	0.011
	0.011

	Average        0.0107 ± 0.0142









	Table 4: Radiological Parameters of Aluu Community 

	S/N
CODE
	Average Radiation level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	ALU-1
	0.011
	92.8
	0.14
	0.50

	ALU-2
	0.009
	78.3
	0.12
	0.42

	ALU-3
	0.012
	104.4
	0.16
	0.56

	ALU-4
	0.012
	104.4
	0.16
	0.56

	ALU-5
	0.011
	95.7
	0.15
	0.51

	ALU-6
	0.007
	58.0
	0.09
	0.31

	ALU-7
	0.011
	92.8
	0.14
	0.50

	ALU-8
	0.010
	89.9
	0.14
	0.48

	ALU-9
	0.013
	116.0
	0.18
	0.62

	ALU-10
	0.011
	92.8
	0.14
	0.50

	 Mean
	0.0107±0.00617
	92.51±4.99
	0.142±0.08
	0.49±0.03

	Acceptable limits
	0.013
	89.0
	1.0
	0.29



	Table 5: Radiological Parameters of   Rukpokwu and Aluu community
	

	[bookmark: _Hlk148220983]Location
	Average Radiation level 
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³
	

	RUK
	0.0107   
	91.64
	0.140
	0.19
	

	ALUU
	0.0107  
	92.51
	0.142
	0.49
	

	Acceptable limit
	0.013
	59.0
	1.0
	0.29
	























Fig. 2: Comparison of Background Ionization Radiation Level of Rukpokwu and Aluu





















Fig. 3: Comparison of Absorbed Dose of Rukpokwu and Aluu community with world average., UNSCEAR, 2000



















Fig. 4: Comparison of Annual Effective Dose of Rukpokwu and Aluu community with world average., ICRP, 2000



















Fig. 5: Comparison of ELCR of Rukpokwu and Aluu community with world average value., UNSCEAR, 2000

The Average background Ionizing radiation varied from 0.009 to 0.013mR/hr with a mean value of 0.0107±0.00142mR/hr and 0.007 to 0.013mR/hr with a mean value of 0.0107±0.00617mR/hr within Rukpokwu and Aluu sample locations, respectively. These results indicate that the radiation levels in both locations fall below the recommended safe limit established by the International Commission on Radiological Protection (ICRP, 2000) for public exposure. Consequently, residents and individuals who frequent these areas are unlikely to face any significant radiological health risks associated with prolonged exposure to ionizing radiation.

Furthermore, the findings of this study are consistent with previously published data. For instance, Ononugbo and Oduware (2017) conducted a baseline assessment of terrestrial outdoor gamma dose rates across ten major markets in Port Harcourt and reported background ionizing radiation levels ranging from 0.011 to 0.017 mR/hr. The similarity between their findings and the results of the present study reinforces that the background radiation levels within the region remain within the acceptable limits. This agreement also strengthens the reliability of the current measurements and supports the broader understanding that the study locations do not pose radiation related hazards to the public.

The annual absorbed dose measured in this study varied from 75.4 to 113 nGy/hr in Rukpokwu, with a mean value of 91.64 nGy/hr, while in Aluu, it ranged from 58.0 to 116.0 nGy/hr, with an overall mean value of 92.51 ± 4.99 nGy/hr. These values are notably higher than the recommended safe limit of 59.0 nGy/hr for the general public as established by the International Commission on Radiological Protection (ICRP, 2000). This indicates that, although the measured background ionizing radiation is relatively low, the annual absorbed dose in these locations exceeds the safety threshold, suggesting a potential for cumulative radiation exposure over time that could warrant monitoring, particularly for populations residing in these areas over long periods.

The findings of this study are consistent with previously published research. For example, Ahmet et al. (2007) reported similar results during their investigation of outdoor gamma radiation using plastic scintillators. Their study highlighted comparable variations in the annual absorbed dose in different environmental locations, reinforcing the reliability of the measurements obtained in this study. The agreement between these findings emphasizes the importance of continuous monitoring of environmental radiation to ensure that any potential health risks are identified and managed effectively, especially in regions where natural background radiation may fluctuate due to geological or anthropogenic factors.

The annual effective dose rate (AEDR) measured at the sample sites showed variations between 0.12 and 0.17 mSv/yr in Rukpokwu, with a mean value of 0.140 ± 0.06 mSv/yr, and between 0.09 and 0.18 mSv/yr in Aluu, with a mean of 0.142 ± 0.08 mSv/yr. These measured values are significantly lower than the global average of 1.0 mSv/yr for public exposure to natural background radiation as reported by international bodies such as UNSCEAR.
The relatively low AEDR values indicate that the local population in these areas is not at significant risk of radiological health effects due to ionizing radiation. Even though natural background radiation is always present, the doses recorded in both Rukpokwu and Aluu are within the safe limits, implying minimal cumulative exposure over time.

Similarly, the excess lifetime cancer risk (ELCR) estimated for the study locations showed variations from 0.40 × 10⁻³ to 0.61 × 10⁻³ in Rukpokwu, with a mean value of 0.19 ± 0.062 × 10⁻³, and from 0.31 × 10⁻³ to 0.62 × 10⁻³ in Aluu, with a mean of 0.49 ± 0.03 × 10⁻³. These results indicate that the population in both locations may experience a slightly elevated lifetime risk of cancer due to chronic exposure to background ionizing radiation. Notably, the mean ELCR values in this study exceed the recommended safe limit of 0.29 × 10⁻³ set by the International Commission on Radiological Protection (ICRP, 2000), suggesting that while the immediate risk is low, there is a potential for cumulative effects over a lifetime.

The findings of this study are consistent with those reported by Hyacienth et al. (2021), who assessed background ionizing radiation exposure levels in industrial buildings in Nnewi, Anambra State, Nigeria. The agreement between these studies reinforces the observation that certain localized environments in Nigeria can present ELCR values above the ICRP safety threshold, even when other radiation metrics, such as annual effective dose rate, remain below global averages.

4.0 CONCLUSION
The excess lifetime cancer risk (ELCR) from background ionizing radiation in the Rukpokwu and Aluu communities were calculated using established radiological physics equations. The computed average values were found to be slightly higher and lower than the global reference value of 0.29 × 10⁻³ for Aluu and Rukpokwu communities respectively, suggesting a marginal increase in the long-term risk of cancer for residents due to chronic exposure in Aluu community. In addition, other radiation-related health parameters, such as the annual absorbed dose and the annual effective dose rate (AEDR), were observed to be slightly higher  and lower of the world averages of 59.0 nGy/hr  and 1.0 mSv/yr, respectively.

Interestingly, the measured background ionizing radiation (BIR) levels in both communities were still below the global average of 0.013 mR/hr, indicating that the immediate radiological environment is relatively safe. Nonetheless, while the current exposure levels may not produce acute health effects, prolonged and continuous exposure to background radiation could still increase residents’ susceptibility to radiation-induced health issues, including cancer and other cellular mutation-related conditions over time.

Given that both study areas are associated with oil exploration activities, which may influence local radiation levels through naturally occurring radioactive materials (NORMs), it is imperative to implement periodic monitoring and assessment of BIR levels. Moreover, further research should focus on long-term exposure trends, potential accumulation of radionuclides in the environment, and comprehensive risk assessment to ensure the continued safety and well-being of the communities. Such proactive measures will help mitigate potential health risks and provide valuable data for regulatory authorities and public health policymakers.
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