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ABSTRACT 

	An In-situ measurement of background ionizing radiation was carried out using a well calibrated GMC – 30E-Plus Nuclear radiation meter, Geiger Muller Counter and Geographical positioning system (GPS) to record the geographical coordinates. The measured exposure rate in this study ranged from 0.013 to 0.019 mR/h with a mean value of 0.011 ± 0.01 mR/h, which is quite lower than the acceptable limit of 0.013 mR/h. The absorbed dose rate obtained in this study ranged from 66.70 to 116.00 nGy/h, with a mean value of 94.18 ± 11.62 nGy/h which is quite a bit higher than the acceptable limit of 89 nGy/h. The annual effective dose equivalent (AEDE) in this study ranged from 0.10 to 0.18 mSv/y, with a mean value of 0.15 ± 0.02 mSv/y, which is significantly lower than the 1 mSv/y public exposure limit recommended by the International Commission on Radiological Protection (ICRP). The excess lifetime cancer risk (ELCR) obtained in this study ranged from 0.36 × 10⁻³ to 0.62 × 10⁻³, with a mean value of 0.51 ± 0.06 × 10⁻³, which is slightly higher than the world recommended value of 0.29 × 10⁻³. However, the excess lifetime cancer risk showed slightly higher values than the recommended world average, suggesting the need for periodic monitoring to ensure long-term radiological safety. In overall, the radiological parameters indicate that the study area is within acceptable safety limits, though continuous monitoring is recommended to minimize potential long-term health risks  
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1. INTRODUCTION 
Radiation, defined as energy in motion, is present everywhere humans exist and occurs either in the form of particles or electromagnetic waves. According to Rajan (2017), different forms of electromagnetic radiation include gamma rays, X-rays, microwaves, radio waves, visible light, infrared, and ultraviolet radiation, all of which exist naturally in the environment. Ionizing radiation, in particular, has sufficient energy to remove electrons from atoms, thereby producing ions that may interact with biological tissues and materials.
Radiation is not entirely harmful, as it has several beneficial applications in modern society. Its uses span various sectors such as agriculture, medicine, industry, scientific research, and environmental monitoring. For example, radiation is widely applied in cancer diagnosis and treatment, food preservation, sterilization of medical equipment, and industrial radiography (Onwuka, 2021). Despite these benefits, excessive exposure to ionizing radiation can have detrimental health effects. These adverse effects include cancer induction, skin burns, tumor formation, cataracts, genetic mutations, damage to bone marrow and blood cells, and, in severe cases, death (Jwanbot, 2011; Onwuka & Ononugbo, 2019). These biological effects depend on the level, duration, and type of radiation exposure.
Radiation is considered ubiquitous on the Earth's surface, making it practically unavoidable for humans. According to Ugbede and Echeweozo (2017), humans are constantly exposed to background ionizing radiation, which has attracted considerable global attention due to its potential health implications. Background radiation refers to the natural radiation that exists in the environment without human intervention. It primarily consists of cosmic radiation originating from outer space and terrestrial radiation emitted from naturally occurring radionuclides in soil, rocks, and water.
The United States Environmental Protection Agency (EPA) (2023) reported that cosmic rays from the sun and outer space, as well as radioactive elements present in the Earth’s crust, significantly contribute to natural background radiation levels around humans. Terrestrial radiation varies widely from one location to another due to differences in the concentration of radionuclides such as uranium (²³⁸U), thorium (²³²Th), and potassium (⁴⁰K) found in soil and rock formations. This spatial variation explains why some regions experience higher background radiation levels than others.
In addition to natural sources, human activities also contribute to radiation exposure in the environment. Such anthropogenic sources include industrial processes, medical diagnostic procedures, atmospheric nuclear testing, mining operations, and activities related to the nuclear fuel cycle (Mgbemere et al., 2024). Medical applications, especially diagnostic radiology and radiotherapy, represent one of the largest sources of artificial radiation exposure to humans worldwide.
Furthermore, radioactive gases present in the atmosphere contribute significantly to natural background radiation. Radon (²²²Rn) and thoron (²²⁰Rn) gases are produced from the decay series of uranium (²³⁸U) and thorium (²³²Th) respectively, and are commonly found in soil and rocks. These gases can accumulate in enclosed spaces and contribute to internal radiation exposure through inhalation (Okeyode & Oluseye, 2010). Similarly, Ugbede and Echeweozo (2017) reported that natural background radiation constitutes a major proportion of the annual effective dose received by the general public.
Therefore, understanding the sources and distribution of natural background radiation is essential for evaluating environmental radiation levels and assessing potential health risks to the public. Continuous monitoring of background radiation levels remains a critical requirement for ensuring environmental safety and for providing baseline data necessary for radiological protection and environmental management.
Several studies have been conducted globally and within Nigeria to assess background ionizing radiation and its associated excess lifetime cancer risk (ELCR) in residential, industrial, and environmentally sensitive areas. These studies provide a scientific basis for understanding the magnitude of radiological risks to human populations and emphasize the importance of continuous environmental monitoring.
In another related investigation carried out in selected hospitals within Rivers State, researchers evaluated the health risk associated with exposure to radiation sources commonly found in medical environments. The study revealed that while the annual effective dose equivalent values were generally below internationally accepted limits, the absorbed dose rates exceeded recommended values in certain locations. These results demonstrated the necessity of strict radiation safety protocols in areas where radiation-emitting equipment is frequently used (Bubu and Ononugbo, 2023). 
Studies outside Rivers State have also contributed valuable insights into radiological risk assessment. For example, research conducted in Calabar metropolis evaluated background ionizing radiation levels around major dumpsites and estimated associated effective dose and excess lifetime cancer risk. The study emphasized that anthropogenic activities such as waste disposal can significantly influence environmental radiation levels and contribute to increased public exposure. 
Furthermore, research conducted in seaport environments across Nigeria assessed spatial variations in background radiation and cancer risk levels in Warri, Koko, and Burutu ports. The study demonstrated that occupational and environmental exposure in industrial locations could result in measurable radiological health risks, thereby highlighting the importance of environmental surveillance in high-activity areas (Egagifo et al., 2025).
Additional investigations into radiological risk from natural sources have been conducted in other parts of Nigeria. For instance, studies involving groundwater radon exposure in Bosso community revealed that ingestion and inhalation pathways significantly contribute to annual effective dose and lifetime cancer risk, underscoring the importance of evaluating multiple exposure routes in radiological health studies (Kolo et al. (2023).
Research conducted in Abia State oil-producing communities also revealed elevated excess lifetime cancer risk values linked to gamma radiation in water bodies used for domestic and economic purposes. The study suggested that oil production activities and environmental contamination could increase radiation exposure levels in surrounding communities, thereby posing potential long-term health risks (Enyinna, P. I., & Avwiri, G. O. (2016).. 
Collectively, these studies demonstrate that environmental radiation exposure varies significantly depending on location, human activities, and geological conditions. They further emphasize the importance of conducting localized studies to establish baseline radiological data and evaluate excess lifetime cancer risk in developing communities such as Rumuokwuruchi Town in Obio/Akpor Local Government Area, Rivers State. The findings from such localized investigations contribute to improved environmental management, radiation safety policies, and public health protection. Other Literature review related to this work are tabulated in Table 1.
Table I. Literature review of others Authors 
	Author(s) Year
	Location
	AED (mSv/y)
	ELCR (×10⁻³)

	Agbalagba et al. (2017)
	Warri, Delta State
	0.09–0.31
	0.31–1.08

	Ilugo et al. (2021)
	Delta State (Basements & Excavation Sites)
	0.12–0.29
	0.41–1.01

	Sokari et al. (2022)
	Coastal communities, Okrika LGA, Rivers State
	0.13 – 0.23
	0.47 – 0.79

	Kolo, M. T. et al. (2023)
	Minna, Niger State
	0.10–0.27
	0.36 – 0.94

	Uzo (2024)
	Bayelsa State, Nigeria
	0.06 – 0.11
	0.28 – 0.55

	Sokari and Onwuka (2025)
	Tombia Roundabout, Bayelsa State
	0.15 – 0.17
	0.51 – 0.61

	Eze et al. (2025)
	Calabar, Cross River State
	0.14–0.33
	0.49 – 1.15

	Ilugo, et el. (2025)
	Delta State (Buildings with Altitude Variation)
	0.13–0.30
	0.45 – 1.05

	Sokari and Onwuka (2026)
	Rumuokwurushi, Rivers State
	0.18–0.10
	0.62 – 0.36




2. Methodology

The study area is Rumuokwurushi town in Obio-Akpor Local Government Area of Rivers State Nigeria. This town houses shell petroleum residential quarters, pipelines, some oil servicing companies, fabrication workshops, mechanical / or welding workshop and a lot more. 
It is highly urbanized town, with a lot of filling stations and popular “oil mill market” among other residents are mainly, traders, workers, both in government and companies (oil & allied). Many are business men, students, researchers, industrially and so on. It is a highly densely populated town in Obio-Akpor Port Harcourt City. According to 2026 census it has a population of 464,789 residents which may have increase by now. It is bounded by Eneka town to the North, Irebe town to the East and Rumuibekwe to the West. It is located at approximately 40511 311 N latitude and 70215411 E longitude. For effective evaluation, a total of forty locations were considered in this paper with their coordinates. 
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Fig 1: Map of the study Area
A Radalert-100 nuclear radiation detector equipped with an in-built Geiger Muller (GM) tube was used for the measurement of background ionizing radiation in the study area. The detector has the capability to detect alpha, beta, and gamma radiation. A Global Positioning System (GPS) receiver was used to determine and record the geographical coordinates of each measurement location on the Earth’s surface.
An in-situ measurement technique similar to that reported by (Loagun, et al., 2006) was adopted in this study. The digital nuclear radiation meter was held at a standard height of 1.0 m above ground level, which approximates the average height of human exposure. During measurement, the detector window was oriented vertically downward toward the ground surface to allow effective detection of radiation emitted from terrestrial sources. Each measurement was taken for a duration of 2–3 minutes, during which the audible beep signal indicated radiation detection by the in-built Geiger Muller tube. At each location, three readings were taken and averaged to minimize random errors and improve measurement accuracy. Additionally, the GPS device was used to record the precise coordinates of each sampling location, ensuring accurate spatial referencing of the measurement points.

2.3 Absorbed Dose (AD)
The absorbed dose describes the energy deposited in an absorbing tissue, literally it can be defined as the energy impacted in a unit mass. Equation (1) give the conversion formular from the exposure rate in   to absorbed dose (AD) in (Agbalagba, 2017; Rafique et al., 2014)
                                       1= 8.7  =                                                             (1)

2.3 Annual Effective Dose Equivalent (AEDE)
The annual effective dose indicates radiological contamination in an outdoor environment which resulted from the inhalation of high radon gas emissions and its progeny from activities that can lead to lung cancer as a result of dose accumulation (Sokari and Onwuka, 2025).

                                     AEDE (mSv/y) = AD (nGy/h) x 8760h x 0.7Sv/Gy x 0.2                             (2)    
                 
Where AD is the absorbed dose rate, 8760h is the total hours per year, 0.7Sv/Gy is the dose conversion factor from absorbed dose in air to effective dose with an occupancy factor of 0.2 for outdoor exposure as recommended by (UNSCEAR,2008).

2.4 Excess Life Cancer Risk (ELCR)
The excess life time cancer risks (ECLR) describe the potential Carcinogenic effects, from the calculation based on probability of cancer induced incidence in a population. This is as a result of exposure from radiation or the intakes of harmful chemical substances for a specific period of 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 life time is calculated from the equation.

                         ELCR = AEDE (mSv/y) x DL x RF                                                          (3)

Where AEDE is the annual effective dose equivalent, DL is average duration of life (70 years) and RF is the fatal cancer risk factor per sievert (Svˉ 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).


3. results and discussion
The results obtained from the measurements shows the outdoor background ionizing radiation levels of Rumuokwurushi town. The average exposure rates and other radiation parameters are tabulated in Tables 1 and 2, The contour map of the background ionization radiation is shown in in the spatial distribution in Figure 2. 

	Table 2: In-Situ Measurement of Exposure Rates of the various sample points

	S/N
	CODE 
	GPS
	1ST Reading
	2nd Reading
	3rd  Reading
	Mean Exposure rate (mR/h)

	
	
	Latitude 
	Longitude
	
	
	
	

	1. [bookmark: _Hlk227365626]
	RUMK-1
	4.8496834
	7.0560263
	0.011
	0.012
	0.009
	0.011

	2. 
	RUMK-2
	4.8496589
	7.0536813
	0.015
	0.013
	0.010
	0.013

	3. 
	RUMK-3
	4.8454798
	7.0530390
	0.012
	0.016
	0.012
	0.013

	4. 
	RUMK-4
	4.8504758
	7.0537890
	0.011
	0.009
	0.011
	0.010

	5. 
	RUMK-5
	4.8507090
	7.0550375
	0.010
	0.011
	0.010
	0.010

	6. 
	RUMK-6
	4.8496375
	7.0529915
	0.014
	0.007
	0.012
	0.011

	7. 
	RUMK-7
	4.8538591
	7.0569672
	0.013
	0.008
	0.010
	0.010

	8. 
	RUMK-8
	4.8547395
	7.0567662
	0.012
	0.013
	0.009
	0.011

	9. 
	RUMK-9
	4.8512632
	7.0557327
	0.014
	0.010
	0.008
	0.011

	10. 
	RUMK-10
	4.8540170
	7.0570723
	0.007
	0.011
	0.011
	0.010

	11. 
	RUMK-11
	4.8577744
	7.0528111
	0.014
	0.010
	0.011
	0.012

	12. 
	RUMK-12
	4.8555471
	7.0567750
	0.012
	0.011
	0.010
	0.011

	13. 
	RUMK-13
	4.8555129
	7.0508707
	0.013
	0.012
	0.009
	0.011

	14. 
	RUMK-14
	4.8681383
	7.0551574
	0.008
	0.011
	0.012
	0.010

	15. 
	RUMK-15
	4.8509433
	7.0547274
	0.006
	0.010
	0.007
	0.008

	16. 
	RUMK-16
	4.8476467
	7.0532923
	0.009
	0.010
	0.012
	0.010

	17. 
	RUMK-17
	4.8494741
	7.0520090
	0.013
	0.016
	0.009
	0.013

	18. 
	RUMK-18
	4.8471200
	7.0567800
	0.011
	0.014
	0.011
	0.012

	19. 
	RUMK-19
	4.8486670
	7.0507475
	0.009
	0.012
	0.007
	0.009

	20. 
	RUMK-20
	4.5586671
	7.0566475
	0.011
	0.012
	0.008
	0.010

	21. 
	RUMK-21
	4.8541966
	7.0571556
	0.014
	0.013
	0.010
	0.012

	22. 
	RUMK-22
	4.8543572
	7.0643382
	0.007
	0.011
	0.009
	0.009

	23. 
	RUMK-23
	4.8542210
	7.0639673
	0.010
	0.016
	0.011
	0.012

	24. 
	RUMK-24
	4.8535349
	7.0631381
	0.007
	0.011
	0.009
	0.009

	25. 
	RUMK-25
	4.8520371
	7.0612790
	0.011
	0.012
	0.011
	0.011

	26. 
	RUMK-26
	4.8523416
	7.0650671
	0.010
	0.007
	0.007
	0.008

	27. 
	RUMK-27
	4.8486672
	7.4507475
	0.009
	0.011
	0.013
	0.011

	28. 
	RUMK-28
	4.8563706
	7.0696852
	0.013
	0.010
	0.013
	0.012

	29. 
	RUMK-29
	4.8562025
	7.0694334
	0.008
	0.017
	0.011
	0.012

	30. 
	RUMK-30
	4.8572700
	7.0692020
	0.010
	0.013
	0.009
	0.011

	31. 
	RUMK-31
	4.8542002
	7.0684514
	0.011
	0.015
	0.013
	0.013

	32. 
	RUMK-32
	4.8535241
	7.0631381
	0.013
	0.009
	0.009
	0.010

	33. 
	RUMK-33
	4.8517187
	7.0600017
	0.010
	0.012
	0.007
	0.010

	34. 
	RUMK-34
	4.8512096
	7.0515506
	0.009
	0.010
	0.011
	0.010

	35. 
	RUMK-35
	4.8507217
	7.0588098
	0.011
	0.012
	0.011
	0.011

	36. 
	RUMK-36
	4.8652420
	7.0563143
	0.008
	0.010
	0.011
	0.010

	37. 
	RUMK-37
	4.8559009
	7.0561082
	0.013
	0.015
	0.012
	0.013

	38. 
	RUMK-38
	4.8651000
	7.0550003
	0.009
	0.011
	0.011
	0.010

	39. 
	RUMK-39
	4.8650737
	7.0502331
	0.013
	0.009
	0.011
	0.011

	40. 
	RUMK-40
	4.8632246
	7.0567850
	0.008
	0.009
	0.012
	0.010

	Average
	
	0.011±0.01




	Table 3: Shows the Mean Exposure rate and other radiation parameters 

	S/n
	CODE
	Mean Exp. Rate (mR/h)
	Absorbed Dose (nGy/h)
	AEDE 
(msv/y)
	ELCR X 10-3

	1
	RUMK-1
	0.011
	92.8
	0.14
	0.50

	2
	RUMK-2
	0.013
	110.2
	0.17
	0.59

	3
	RUMK-3
	0.013
	116.0
	0.18
	0.62

	4
	RUMK-4
	0.010
	89.9
	0.14
	0.48

	5
	RUMK-5
	0.010
	89.9
	0.14
	0.48

	6
	RUMK-6
	0.011
	95.7
	0.15
	0.51

	7
	RUMK-7
	0.010
	89.9
	0.14
	0.48

	8
	RUMK-8
	0.011
	98.6
	0.15
	0.53

	9
	RUMK-9
	0.011
	92.8
	0.14
	0.50

	10
	RUMK-10
	0.010
	84.1
	0.13
	0.45

	11
	RUMK-11
	0.012
	101.5
	0.16
	0.54

	12
	RUMK-12
	0.011
	95.7
	0.15
	0.51

	13
	RUMK-13
	0.011
	98.6
	0.15
	0.53

	14
	RUMK-14
	0.010
	89.9
	0.14
	0.48

	15
	RUMK-15
	0.008
	66.7
	0.10
	0.36

	16
	RUMK-16
	0.010
	89.9
	0.14
	0.48

	17
	RUMK-17
	0.013
	110.2
	0.17
	0.59

	18
	RUMK-18
	0.012
	104.4
	0.16
	0.56

	19
	RUMK-19
	0.009
	81.2
	0.12
	0.44

	20
	RUMK-20
	0.010
	89.9
	0.14
	0.48

	21
	RUMK-21
	0.012
	107.3
	0.16
	0.58

	22
	RUMK-22
	0.009
	78.3
	0.12
	0.42

	23
	RUMK-23
	0.012
	107.3
	0.16
	0.58

	24
	RUMK-24
	0.009
	78.3
	0.12
	0.42

	25
	RUMK-25
	0.011
	98.6
	0.15
	0.53

	26
	RUMK-26
	0.008
	69.6
	0.11
	0.37

	27
	RUMK-27
	0.011
	95.7
	0.15
	0.51

	28
	RUMK-28
	0.012
	104.4
	0.16
	0.56

	29
	RUMK-29
	0.012
	104.4
	0.16
	0.56

	30
	RUMK-30
	0.011
	92.8
	0.14
	0.50

	31
	RUMK-31
	0.013
	113.1
	0.17
	0.61

	32
	RUMK-32
	0.010
	89.9
	0.14
	0.48

	33
	RUMK-33
	0.010
	84.1
	0.13
	0.45

	34
	RUMK-34
	0.010
	87.0
	0.13
	0.47

	35
	RUMK-35
	0.011
	98.6
	0.15
	0.53

	36
	RUMK-36
	0.010
	84.1
	0.13
	0.45

	37
	RUMK-37
	0.013
	116.0
	0.18
	0.62

	38
	RUMK-38
	0.010
	89.9
	0.14
	0.48

	39
	RUMK-39
	0.011
	95.7
	0.15
	0.51

	40
	RUMK-40
	0.010
	84.1
	0.13
	0.45

	Mean 
	0.011±0.01
	94.18±11.62
	0.15±0.02
	0.51±0.06

	Max
	0.013
	116.00
	0.18
	0.62 x10-3

	Min 
	0.09
	66.70
	0.10
	0.36 x10-3

	World Average 
	0.013
	89.0
	0.07
	0.29x10-3
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Figure 2: Contour Map of the study Area
The measured exposure rate in this study ranged from 0.013 to 0.019 mR/h with a mean value of 0.011 ± 0.01 mR/h, which is consistent with values reported in similar environmental radiation studies within Nigeria. For instance, Nwii et al. (2024) reported exposure rates ranging from 0.010 to 0.017 mR/h with a mean value of 0.014 ± 0.002 mR/h at selected dumpsites in Obio/Akpor, Rivers State. The similarity between the two studies indicates that the radiation levels observed in the present study fall within the typical natural background radiation levels recorded across the Niger Delta region. 
The absorbed dose rate obtained in this study ranged from 66.70 to 116.00 nGy/h, with a mean value of 94.18 ± 11.62 nGy/h. This value is comparable to the findings of Ogobiri et al. (2023), who reported absorbed dose rates ranging from 0.077 to 0.112 nGy/h in laboratory environments in Bayelsa State. Similarly, Amadi et al. (2022) reported a mean absorbed dose corresponding to background radiation levels averaging 0.013 mR/h in Obite Community, Rivers State. These comparable values suggest that the radiation environment in the present study area is within the range commonly reported for natural terrestrial radiation sources in southern Nigeria. 
The annual effective dose equivalent (AEDE) in this study ranged from 0.10 to 0.18 mSv/y, with a mean value of 0.15 ± 0.02 mSv/y, which is significantly lower than the 1 mSv/y public exposure limit recommended by the International Commission on Radiological Protection (ICRP). Comparable results were reported by Ogobiri et al. (2023), where AEDE values ranged from 0.118 to 0.171 mSv/y, indicating safe radiological conditions. Additionally, Ugbede and Echeweozo (2018) reported AEDE values of 0.24 to 0.32 mSv/y around quarry sites in Ebonyi State, which were also within recommended safety limits. These similarities confirm that the present study area does not pose significant radiological health hazards to residents. 
The excess lifetime cancer risk (ELCR) obtained in this study ranged from 0.36 × 10⁻³ to 0.62 × 10⁻³, with a mean value of 0.51 ± 0.06 × 10⁻³, which is slightly higher than the world recommended value of 0.29 × 10⁻³. This observation is consistent with findings by Ugbede and Echeweozo (2018), who reported ELCR values ranging from 0.847 × 10⁻³ to 1.115 × 10⁻³ in quarry environments, exceeding recommended limits. Similarly, studies conducted in Ogbia, Bayelsa State recorded ELCR values between 0.317 × 10⁻³ and 0.508 × 10⁻³, indicating slightly elevated cancer risk probabilities despite acceptable dose limits. These findings suggest that although the annual dose levels are within permissible limits, long-term exposure may still contribute to a marginal increase in cancer risk probability, emphasizing the importance of continuous monitoring. 
Overall, the results obtained in this study are comparable with previous studies conducted in Nigeria and other regions with similar geological formations. The exposure rate, absorbed dose, and AEDE values fall within internationally accepted safety limits, indicating minimal immediate radiological risk. However, the slightly elevated ELCR values highlight the need for periodic environmental radiation monitoring to ensure long-term safety of the population.
4. CONCLUSION 
The annual effective dose equivalent ranged from 0.10 to 0.18 mSv/y, with a mean value lower than the recommended public exposure limit of 1 mSv/y, indicating that the study area is generally safe for human habitation. However, the excess lifetime cancer risk showed slightly higher values than the recommended world average, suggesting the need for periodic monitoring to ensure long-term radiological safety. In overall, the radiological parameters indicate that the study area is within acceptable safety limits, though continuous monitoring is recommended to minimize potential long-term health risks.
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