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Abstract: Background ionizing radiation (BIR) constitutes
a major component of environmental radiation exposure
and varies spatially due to geological, anthropogenic, and
environmental factors. This study assessed the spatial
distribution and levels of background ionizing radiation in
Gwagwalada Area Council, Abuja, Nigeria. In situ
radiation measurements were conducted across selected
locations using a Geiger-Muller calibrated portable
radiation dosimeter. The measured background ionizing
radiation levels across Gwagwalada ranged from
0.11£0.02uSv/h to 0.42+0.05uSv/h, with a mean value of
0.17+0.09 uSv/h. The highest radiation level was observed
at the University of Abuja Teaching Hospital (0.42 +
0.58 uSv/h), followed by Phase II (0.21 £ 0.05 uSv/h) and
Phase I (0.20 £ 0.04 uSv/h). Moderate levels were recorded
at Angwadodo (0.15 £ 0.05 uSv/h), the University of Abuja
Main Campus (0.15 = 0.03 uSv/h), Phase III (0.13 =+
0.02 uSv/h), and Old Kutunku (0.12 £+ 0.01 uSv/h), while
the lowest values were observed at Paiko (0.11 =+
0.02 uSv/h) and the University of Abuja Mini Campus
(0.11 = 0.03 uSv/h). These results indicate a relatively
moderate but variable distribution of background radiation
across the study locations. Higher radiation levels were
observed in areas with increased human activities. The
findings indicate that background ionizing radiation levels
in Gwagwalada are generally within safe limits; however,
continuous monitoring is recommended to detect future
changes due to wurbanization and infrastructural
development.
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L. INTRODUCTION

Radiations are an essential part of our ecosystem.
Ionizing radiation is widely utilized for beneficial
purposes, including medical imaging, cancer therapy,
sterilization of medical instruments, and various
industrial processes [1, 2]. Yet, the environmental
consequences of radiation leaks are severe and
hazardous.

IRE 1715189

Background ionizing radiation originates from natural
sources such as cosmic rays, terrestrial radionuclides,
and internal radionuclides within the human body, as
well as from anthropogenic activities, including
medical procedures, industrial processes, and
construction materials [3-5]. Natural background
radiation contributes significantly to the total radiation
dose received by the general population worldwide

[6].

Variations in background radiation levels are strongly
influenced by geological formations, soil composition,
altitude, and human activities [7]. Urban expansion
and increased infrastructural development may further
modify environmental radiation levels through the use
of naturally radioactive building materials and
technological sources [6].

The study of the environmental consequences of
radiation is essential for multiple reasons. It informs
risk assessment, environmental management, and
disaster preparedness strategies, while also guiding
regulatory frameworks for nuclear safety and radiation
protection. Insights gained from both historical
accidents and ongoing environmental monitoring
provide critical evidence for designing remediation
measures, developing public health policies, and
implementing sustainable land and water management
practices.

Gwagwalada Area Council, located in the Federal
Capital Territory (FCT) of Abuja, has experienced
rapid population growth and infrastructural
development in recent years. Despite this growth,
limited data exist on the spatial distribution of
background ionizing radiation in the area. Establishing
baseline radiation levels is essential for environmental
monitoring, public health protection, and radiological
risk assessment.
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This study, therefore, aimed to assess the spatial
distribution and magnitude of background ionizing
radiation in Gwagwalada, Abuja, and to compare the
measured values with internationally recommended
safety limits.

The objectives are to:

i. Assess background radiation doses at
different locations in Gwagwalada, Abuja
il. Analyze the average and overall background

radiation dose rate in Gwagwalada, Abuja

This review aims to synthesize global evidence on the
environmental impacts of nuclear accidents and
radiation leaks. By integrating findings from major
historical events, naturally high-background radiation
areas, and contemporary research on ecological and
human exposure. Hence, this narrative synthesis seeks
to provide a comprehensive understanding of
radiation’s consequences, highlights strategies for
sustainable  environmental protection, disaster
preparedness, and effective regulatory oversight in the
context of both natural and anthropogenic radiation
hazards.

II. METHODS

Study Area

The location of the study was Abuja (9.0765°N,
7.3986°E), Federal Capital Territory, Nigeria. The
field studies were carried out in the Gwagwalada area
(8.9508°N, 7.0767°E), Abuja, Nigeria [3]. The area is
characterized by a mix of residential, commercial,
institutional, and agricultural land wuse, with
underlying basement complex geology typical of
north-central Nigeria.

Gwagwalada is a local government area and the main
town in the Federal Capital Territory in Nigeria.
Gwagwalada has an area of 1,043 km® and a
population of 157,770 in 2006.[8] Although
Gwagwalada's total population was more than a
quarter of a million in 2023, it is bordered by other
local governments, which are Abaji, Kuje, and
Kwali.[9]

Instrumentation

Background ionizing radiation measurements were
obtained using a portable calibrated radiation survey

IRE 1715189

meter- RDS-31 Geiger-Miiller counter, which ensures
accuracy and reliability of measurements.

RDS-31 GEIGER MULLER COUNTER
Figure 1: RDS-31 Geiger Muller Counter

Measurement Procedure

In situ radiation measurements were carried out at
selected sampling locations across Gwagwalada.
Measurements were taken at approximately 50
centimeters above ground level. At each location,
readings were recorded over a fixed time interval, and
the average value was computed to minimize
fluctuations.

Geographic coordinates of each sampling point were
recorded using a handheld Global Positioning System
(GPS) device to facilitate spatial analysis.

Spatial Analysis
Spatial distribution maps of background radiation
were generated using Geographic Information System
(GIS) software.

Data Analysis

Descriptive statistical analyses were performed to
determine the mean, standard deviation, and overall
mean of radiation dose rates using Jamovi software.
Bar charts were plotted using Microsoft Excel 2021.
Additionally, measured values were compared with
international reference limits recommended by
UNSCEAR and the International Atomic Energy
Agency (IAEA) [10, 11].
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III.  RESULTS

The measured background ionizing radiation levels
across Gwagwalada ranged from 0.11£0.02uSv/h to
0.42+0.05uSv/h, with a mean value of 0.17+0.09
#Sv/h. The highest radiation level was observed at the
University of Abuja Teaching Hospital (0.42 =+
0.58 uSv/h), followed by Phase 1I (0.21 + 0.05 u#Sv/h)
and Phase I (0.20 = 0.04 xSv/h). Moderate levels were
recorded at Angwadodo (0.15 + 0.05 uSv/h), the
University of Abuja Main Campus (0.15 =+
0.03 uSv/h), Phase III (0.13 £+ 0.02 #Sv/h), and Old
Kutunku (0.12 + 0.01 xSv/h), while the lowest values
were observed at Paiko (0.11 £ 0.02 4Sv/h) and the
University of Abuja Mini Campus (0.11 =+
0.03 uSv/h). These results indicate a relatively
moderate but variable distribution of background
radiation across the study locations.

Spatial distribution analysis (Figure 2) revealed
noticeable variations in background radiation levels
across different locations. Elevated radiation levels
were observed in areas with dense human activities
and road networks (Phase I and Phase IT), while lower
levels were recorded in less developed and vegetated
areas (Paiko and Old Kutunku).

Background Radiation Dose Rate (uSv/hr) of the New Kutunku, Abuja, FCT, Nigeria

Figure 2 Background Radlatlon Dose Rate (,uSV/hr)

Dose Rate (j1Sv/hr)

Background Radiation Dose Rate (nSv/hr) of the Angwa Dodo, Gwagwalada Area
Council, Abuja, FCT, Nigeria

Figure 4 Background Radratron Dose Rate (uSV/hr)
of the Angwadodo, Gwagwalada Area Council,
Abuja, FCT, Nigeria

Dose Rate (nSv/hr)

Natural Background Radiation Dose Rate (1Sv/hr) of the Phase I, Gwagwalada Area
Counci Abuja, FCT, Nigeria

Figure 5 Background Radratlon Dose Rate (uSV/hr)
of the Phase I, Gwagwalada Area Council, Abuja,
FCT, Nigeria
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Background Radiation Dose Rate (nSv/hr) of the Phase Il, Gwagwalada Area Council,

Abuja, FCT, Nigeria

Figure 6 Background Radlatlon Dose Rate (uSV/hr)

of the Phase II, Gwagwalada Area Council, Abuja,
FCT, Nigeria
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Figure 3 Background Radlatlon Dose Rate (uSv/hr)

of the Gwagwalada Teaching Hospital, Gwagwalada
Area Council, Abuja, FCT, Nigeria
IRE 1715189 ICONIC RESEARCH AND ENGINEERING JOURNALS 3354



Dase Rate (nSv/hi)

Backgro

© MAR 2026 | IRE Journals | Volume 9 Issue 9 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV919-1715189

nd Radiation Dose Rate (uSv/hr) of the Paiko, Gwagwalada Area Council,

Abuja, FCT, Nigeria

Location F m F

Figure 8 Background Radlatlon Dose Rate (uSV/hr)
of the Paiko, Gwagwalada Area Council, Abuja,
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Figure 9 Background Radlatlon Dose Ratc ( uSV/hr)
of the University of Abuja Main Campus,
Gwagwalada Area Council, Abuja, FCT, Nigeria
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Figure 10 Background Radlatlon Dose Rate ( uSv/hr)
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Table 1: Background Radiation Dose Rate (#Sv/hr)
in Gwagwalada Area Council, Abuja, FCT, Nigeria

Mean +
SD
Overall mean 0.17+0.
09
New Kutunku 8.930° N, 7.058° E 0.13+0.
04
University Of Abuja Teaching Hospital =~ 0.42+0.
(8.950° N, 7.060° E) 58
Angwadodo (8.948° N, 7.079° E) 0.15+0.
05
Phase I (8.945° N, 7.085° E) 0.20+0.
04
Phase II (8.945° N, 7.085° E) 0.21+0.
05
Phase III (8.963° N, 7.064° E) 0.13+0.
02
Paiko (9.020° N, 7.060° E) 0.11+0.
02
Old Kutunku (8.930° N, 7.050° E) 0.12+0.
01
University of Abuja Mini Campus 0.11+0.
(8.953°N, 7.073° E) 03
University of Abuja Main Campus 0.15+0.
(8.979° N, 7.179 °E) 03
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Figure 11: Spatial distribution of background
radiation in Gwagwalada, Abuja, Nigeria

IV.  DISCUSSION

The observed wvariations in background ionizing
radiation levels across Gwagwalada can be attributed
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to differences in geological composition, land use
patterns, and anthropogenic activities [7, 12]. Areas
with relatively higher radiation levels are associated
with granitic rocks, construction materials, and higher
traffic density, all of which are known contributors to
elevated environmental radiation.

The natural background ionizing radiation levels
measured across Gwagwalada ranged from 0.11 to
0.42 pSv/h, with an overall mean dose rate of 0.17 +
0.09 uSv/h. The overall mean dose rate of 0.17 +0.09
uSv/h indicates a low level of radiation exposure. This
value falls within the typical global background
radiation range of approximately 0.1-0.2 uSv/h and is
considered safe [3, 10, 11]. However, it is slightly
lower than the value reported by Adigun et al., who
recorded a mean dose rate of 0.32 £ 0.09 uSv/h [3].

Based on the annual effective dose, the measured
hourly dose rate corresponds to 1.49 + 0.79 mSv/year.
This value is lower than the 2.8 mSv/year reported by
Adigun et al. and also below the global average annual
background radiation level of 2.4 mSv/year reported
by the TAEA [3, 10]. This falls within the general
global range of 2-3 mSv/year, depending on the
geographical location.

The established overall dose rate of background
radiation in Gwagwalada Area Councils, Abuja,
Nigeria, is not harmful and is essential for future
environmental radiation assessments and for
identifying potential radiological impacts arising from
developmental activities.

V. CONCLUSION

This study assessed the spatial distribution and
magnitude of background ionizing radiation in
Gwagwalada, Abuja, Nigeria. The results indicate that
background radiation levels in the area are generally
within internationally accepted safety limits for public
exposure.

VI.  RECOMMENDATIONS

e Regular monitoring of background
radiation in Gwagwalada

ionizing

e Integration of radiation assessment into urban
planning policies
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Public awareness on environmental radiation and
health implications

Further studies incorporating radionuclide-specific
analysis
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