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Abstract 
This study evaluated radon-222 (²²²Rn) concentration and associated ingestion-related radiological 
health risks in groundwater from Gashua and surrounding communities in Yobe State, northeastern 
Nigeria. Groundwater, the main drinking water source in the region. Thirty-two (32) borehole water 
samples were collected during the dry season and analyzed using the DURRIDGE RAD7 detector with 
a RAD-H₂O accessory. Results obtained indicate that Radon concentrations ranged from 2.8 to 31.0 



Radiological Health Risk Assessment of Groundwater Radon Ingestion and Exposure in Gashua, Yobe State, 
Nigeria  

 

Y. M. Auwal et al, DUJOPAS 11 (4b): 351-364, 2025                                                                                352 
 

Bq/L, averaging 12.88 Bq/L. Higher concentrations occurred in Tashar Kuka C (31.0 Bq/L), 
Karambanin Afuno (29.6 Bq/L), Jabulle (27.2 Bq/L), Kwata (25.3 Bq/L), and Tashar Kuka B (23.4 
Bq/L), primarily along the River Yobe floodplain. These elevated levels likely stemmed from uranium 
and radium leaching from upstream sedimentary deposits of the Chad Basin through groundwater 
recharge and infiltration. Conversely, low levels in upland areas such as Sa’Idawa (2.8 Bq/L) and 
Gausiya (3.4 Bq/L) reflect compact clayey formations with limited permeability. The estimated Annual 
Effective Dose (AED) ranged from 33.66–374.30 μSv/y for adults and 87.01–973.05 μSv/y for children, 
while the Excess Lifetime Cancer Risk (ELCR) varied between 1.18×10⁻⁴–1.31×10⁻³ and 3.05×10⁻⁴–
3.41×10⁻³, respectively, exceeding World Health Organization (WHO) and United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR) safety limits.  
 
Keywords: Radiological health risk; Groundwater Radon; Radon Ingestion; Yobe State, 
Nigeria. 
 
INTRODUCTION 
Radon (222Rn) is a colorless and odorless noble gas found in granites, metamorphic rocks, 
sedimentary rocks with phosphate, and soils of the earth's crust (Nagaraja et al., 2019; Emeka 
et al., 2021; Nakasone et al., 2021; Yong et al., 2021; Auwal et al., 2025). It is a decay product of 
uranium (238U) with a half-life of 3.82 days (Auwal et al., 2025). According to the United 
Nations Environment Program, 222Rn accounts for more than 50% of the natural radiological 
dose received by the general public (Ngo Nyemeg et al., 2025; Auwal et al., 2025). Radon gas 
is regarded as a dangerous substance to human health due to its ability to generate a variety 
of biological consequences (Kolo et al., 2023; Oni et al., 2021; Shu'aibu et al., 2021).  
 
Radon inhalation poses a health danger due to its short-lived progeny such 
as, 218Po, 214Pb, 214Bi, and 214Po, rather than radon gas itself. Once inhaled, radon decay 
products, which are particles, settle in the respiratory tract and irradiate lung tissues, 
considerably increasing the internal radiation dosage (Darby et al., 2005; Oni et al., 2019). At 
the same time, some progenies are transferred to physiological fluids and transmitted to 
tissues other than the respiratory system such as kidney, producing radiation exposure to 
those organs. High levels of radon in drinking water can induce stomach, intestinal, and 
respiratory cancers (Boko et al., 2021; Oladipo et al., 2011; Hamza et al., 2025).  
 
Many researches of environmental contaminations in water and crops samples around 
Gashua and some neighboring communities had been conducted to assess the levels of trace 
and heavy metals concentrations, most of the findings from these researches revealed less 
accumulative levels of these trace and heavy metals examined in the study areas (Ali et al., 
2019; Garba et al., 2020; Hassan et al., 2023; Usman et al., 2021; Yusuf et al., 2021).  
 
Despite these extensive studies, none has addressed the potential presence and health 
implications of naturally occurring radioactive materials (NORMs), especially radon (222Rn) 
and its decay products, in the groundwater systems of Gashua. Given that the region is 
underlined by Chad Formation sediments, which may contain uranium-bearing detrital 
minerals from the basement complex to the south and west, the omission of radiological 
parameters represents a significant research gap (Emeka et al., 2021). Radon can dissolve in 
groundwater and pose both inhalation and ingestion risks, particularly in communities where 
borehole water is the primary source of drinking water (Oni et al., 2021).  
 
Gashua and its surrounding communities are in great menace of frequent Chronic Kidney 
Disease CKD for over a decade, the causative agent of this CKD still remains unknown, in 
other to assess the level of damage CKD must have caused in the study area, (Auwal et al., 
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2025) conducted pilot study to know the demographic distribution of CKD in Gashua. 
Findings revealed a disproportionate burden among middle-aged adults (40–59 years), with 
notable early-onset cases among young adults and adolescents, diverging from the elderly 
predominance.  The pilot survey involving 617 respondents in Gashua identified pronounced 
gender disparities in the distribution of CKD cases. Females accounted for 68.9% (n = 425), 
whereas males represented 31.1% (n = 192). The marked predominance of female cases 
suggests the possibility of gender-related variation in disease susceptibility, differential 
exposure to risk factors, or disparities in healthcare utilization, consistent with previous 
findings in sub-Saharan African populations (Auwal et al., 2025). Further investigation is 
warranted to elucidate the underlying determinants of this observed pattern. 
 
The primary goal of the current study was to measure radon concentrations and assess the 
associated health hazards emanating from radon ingestion from various water samples from 
boreholes within Gashua and some neighboring communities. This was attained by 
calculating the annual effective dose resulting from ingestion pathway, and estimating the 
excess lifetime cancer risk of the Kidney from Gashua area, Yobe State. Nigeria. The water 
samples analyzed were analyzed using RAD7 detector technology. Furthermore, the study 
aimed to establish baseline data for radon concentration in the study area, thereby 
contributing valuable insights into the radiological landscape of the region and aiding in the 
formulation of appropriate regulatory measures to safeguard public health in Gashua axis of 
Yobe State, Nigeria. 
 
MATERIALS AND METHODS 
Study Area 
Gashua is situated in northeastern Yobe State, Nigeria (12°52′–13°00′N; 11°02′–11°15′E), lies 
within the Komadugu–Yobe River Basin of the Chad Basin, one of Africa’s largest inland 
sedimentary basins extending across Nigeria, Niger, Chad, and Cameroon (Emeka et al., 2021). 
Gashua lies within the Sahelian ecological zone, characterized by a hot, arid climate with 
seasonal rainfall and frequent temperature extremes. The town is an important socio-
economic hub, serving as a center for agriculture, trade, and small-scale commerce. Staple 
crops such as rice, millet, sorghum, and beans are cultivated in the surrounding areas, 
supported by irrigation from the Hadejia-Nguru wetlands (Emeka et al., 2021). Gashua also 
hosts a diverse population, including Bade, Kanuri, Fulani, and Hausa ethnic groups, with 
livelihoods tied closely to farming, fishing, and petty trading. Despite its strategic location 
and economic activity, the town faces developmental challenges such as limited access to 
modern healthcare, inadequate water infrastructure, and vulnerability to environmental 
stressors including high temperature, desertification and flooding. These conditions shape the 
community’s health profile and influence the prevalence of diseases such as chronic kidney 
disease. 
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Figure 1: Geological map of Gashua showing Geological Settings and sampling points.  

 
 
Materials Employed  
The materials used in this study include the Durridge Rad7 detector (0716) available at the 
Ahmadu Bello University, Zaria Center for Energy Research and Training (CERT), Nigeria. 
German GPS tool (etrex 10) available at the Department of Physics, Yobe State University, 
Damaturu. Nigeria. Distilled water from chemistry laboratory, Yobe State University, 
Damaturu, Nigeria. 
 
Sample Collection and Preparation 
A total of thirty (30) water samples were collected exclusively from boreholes, which serve as 
the primary source of water for the general populace in the study area, with an additional of 
two samples used as control outside the study area. The borehole water samples were 
randomly selected based on their proximity to residential settlements to ensure representative 
spatial coverage of groundwater sources. Sampling was conducted in October during Hot 
Season due to temperature contribution of radon emanation. Water samples were collected 
directly from the borehole tap outlet after pumping continuously for 15 minutes to flush out 
stagnant water and obtain fresh samples. Each sample was carefully collected in a 350 mL 
airtight plastic bottle that had been pre-rinsed with distilled water, ensuring no air bubbles 
were trapped during filling to prevent radon escape. The bottles were then securely sealed, 
properly labeled, and stored under controlled conditions for subsequent laboratory analysis. 
Each water sample was labeled with a unique identifier that included the sampling point, 
source type, and the date and time of collection for proper traceability. The geographical 
coordinates of all sampling locations were determined using a Garmin eTrex 10 GPS device, 
and both latitude and longitude values were accurately recorded. In addition, the depths of 
the sampled boreholes were measured and documented to support hydrogeological 
interpretation. Following field collection, all samples were carefully transported to the Centre 
for Energy Research and Training (CERT) Laboratory under controlled conditions to 
minimize radon loss. Upon arrival, the samples were prepared for radon concentration 
analysis using standardized laboratory procedures. 
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Analysis of Radon Concentrations in Water Samples 
Radon concentrations in water samples collected from Gashua were measured using RAD7, 
an electronic radon detector connected to a RAD-H2O accessory (DURRIDGE Co., USA). 
Figure 3 shows the Rad7 and RAD H2O set-up for Radon detection in water. In the set-up, the 
RAD7 detector was used to measure Radon in water by connecting it with a bubbling kit, 
which enables the degassing of Radon from a water sample into the air in a closed loop. A 
sample of water was taken in a Radon-tight reagent bottle with a capacity of 250 mL, 
connected in a closed circuit with a zinc sulfide coated detection chamber acting as a 
scintillator to detect alpha activity, and a glass bulb containing calcium chloride to absorb 
moisture. Air was then circulated in a closed circuit for 5-10 minutes until the Radon was 
uniformly mixed with the air, and the resulting alpha activity was recorded, directly giving 
the radon concentration (Hadkhale et al., 2022). The Radon activity concentration in water is 
reduced to deficient concentrations by ensuring the air and water volumes remain constant 
and independent of the flow rate. The process involves continuously extracting Radon as air 
circulates through the water until equilibrium. This state of equilibrium is typically achieved 
in about 5 minutes, after which no Radon can be extracted from the water. The measurement 
results are displayed on the RAD-7 screen after 30 minutes, which has accuracy and sensitivity 
that exceed those of other existing devices. 
 
Determination of Radiological Parameters  
Determination of Annual Effective Dose due to Ingestion (AEDing) 
The annual effective dose (μSvy−1) due to drinking water ingestion was calculated using 
equation (1).  
 𝐴𝐸𝐷𝑖𝑛𝑔 = 𝑘 × 𝐶𝑅𝑛 × 𝑄𝑐𝑤 × 𝑇       (1) 

Where K is the conversion factor for ingesting a dose of 222Rn 𝑆𝑣𝐵𝑞−1 for adults, the committed 
effective dose per unit intake from ingesting Radon in water (𝐾) is 10−8 𝑆𝑣𝐵𝑞−1. For adults it 
is given to be 2 × 10−8 𝑆𝑣𝐵𝑞−1 and for children 7 × 10−8 𝑆𝑣𝐵𝑞−1.  𝑄𝑐𝑤  is the quantity of water 
consumption estimated as 2 𝑙 per day for adults and 1.5 𝑙 per day for children. CRn is the 
concentration of 222Rn 𝐵𝑞−1 in each sample, and T is the period of consumption (365 days) 
𝑦−1.To calculate the 𝐴𝐸𝐷𝑖𝑛𝑔, we assumed that adults and children drink directly from the 

source and consume an average of 2.0, and 1.5 of water per day, respectively (Rotich et al., 
2020). 
 
Estimation of Excess Lifetime Cancer Risk (ELCR) 
The excess lifetime cancer risk (ELCR) 𝑚𝑆𝑣𝑦−1was calculated using the 𝐴𝐸𝐷𝑖𝑛𝑔 values and 

equation (2).  
 𝐸𝐿𝐶𝑅 = 𝐴𝐸𝐷𝑖𝑛𝑔 ×  𝐷𝐿 × 𝑅𝐹        (2) 

𝐴𝐸𝐷𝑖𝑛𝑔 is the annual effective dose due to ingestion, 𝐷𝐿 is the life expectancy (70 years), and 

𝑅𝐹 is the fatal cancer risk factor (𝑆𝑣−1). For low-dose background radiation, which is thought 
to generate stochastic effects, ICRP 60 utilizes a fatal cancer risk factor value of 0.05 for public 
exposure (Rotich et al., 2020). 
 
RESULTS AND DISCUSSION 
Thirty-two (32) groundwater samples were collected from various sampling locations in 
Gashua and some neighboring communities in Yobe State, northeastern Nigeria, for the 
analysis of radon gas activity concentration. All the groundwater samples were obtained from 
boreholes being it the main source of drinking water in the study area, the measured radon 
concentration results are presented in Table 1. 
The measured radon concentrations in groundwater across the Gashua area of Yobe State 
varied widely from 2.8 Bq/L in Sa’Idawa to 31.0 Bq/L in Tashar Kuka C as presented in Table 
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1 and Figure 2, with an overall average of about 12.88 Bq/L. This spatial variability reflects 
the combined influence of local geology, aquifer materials, and groundwater flow conditions, 
which govern radon generation, transport, and solubility.  
 
Boreholes located near the River Yobe floodplain recorded the highest concentrations, while 
boreholes located far away inland showed comparatively low radon levels. Table 1 and Figure 
2, reveled highest radon concentrations at Tashar Kuka C (31.0 Bq/L), Karambanin Afuno 
(29.6 Bq/L), Jabulle (27.2 Bq/L), Kwata (25.3 Bq/L), and Tashar Kuka B (23.4 Bq/L). These 
locations lie within or close to the River Yobe floodplain, an area characterized by porous and 
permeable sandy-silty sediments of the Chad Formation. Such sedimentary structures 
promote the leaching of uranium-bearing minerals derived from upstream Basement 
Complex and Bima Sandstone formations. During the wet season, river flooding and 
subsequent infiltration might enhance the migration of dissolved uranium and radium 
isotopes into groundwater, where they decay to form radon-222 (²²²Rn). The high permeability 
and porosity of the floodplain deposits might facilitate radon diffusion and retention, leading 
to elevated concentrations in nearby boreholes. 
 
Conversely, lower radon concentrations were measured in boreholes around Sa’Idawa (2.8 
Bq/L), Gausiya (3.4 Bq/L), Bultumari (4.3 Bq/L), Control A (4.46 Bq/L), and Control B (5.03 
Bq/L). These areas are located on upland and more compacted zones composed of fine-
grained and clay sediments, which inhibit gas movement and reduce water and rock 
interactions. The reduced hydraulic connectivity with the River Yobe system also limits the 
inflow of uranium-rich sediments might be the reason resulting in reduced radon levels. These 
findings highlight the strong geohydrological control of the River Yobe on radon distribution 
across the study area. 
 
The corresponding Annual Effective Dose (AED) as shown in Table 1 and figure 3, they 
highlight radon ingestion values that ranged from 33.66 μSv/y in Sa’Idawa to 374.30 μSv/y 
in Tashar Kuka C for adults, and from 87.01 μSv/y to 973.05 μSv/y for children. In several 
locations, particularly Tashar Kuka C, Karambanin Afuno, Jabulle, Kwata, and Tashar Kuka 
B, the AED values exceed the World Health Organization’s reference level of 100 μSv/y 
(WHO,2017), indicating potential radiological risks to consumers. The higher AED observed 
among children results from their smaller body mass and higher water intake per kilogram of 
body weight, which increase internal radiation absorption. 
 
The Excess Lifetime Cancer Risk (ELCR) followed a similar spatial trend as Table 1 and Figure 
4 reveled, ranging from 1.18 × 10⁻⁴ to 1.31 × 10⁻³ for adults and 3.05 × 10⁻⁴ to 3.41 × 10⁻³ for 
children. The highest ELCR values were recorded at Tashar Kuka C, Karambanin Afuno, 
Jabulle, and Kwata, exceeding the (UNSCEAR, 2008) recommended threshold of 1.0 × 10⁻⁴. 
These elevated risks suggest the need for continuous monitoring and possible remediation in 
areas along the River Yobe floodplain. 
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Table 1. Results of Radon Concentrations of groundwater samples in Gashua area, Yobe 
state, Nigeria, measured in 𝐵𝑞/𝑙 and total annual effective dose (AED) for different age 
groups (adults and children) with estimated excess lifetime cancer risk for various age 
groups. 

S/No Sampling 
Locations 

Latitude 
(°N) 

Longitude 
(°E) 

Radon 
Conc. 
(Bq/L) 

AEDing 

(Adults) 
μSv/y 

AEDing 

(Children) 
μSv/y 

ELCR 
(Adults) 

ELCR 
(Children) 

1 Gausiya 12.86547 11.0149 3.4 40.88 107.31 1.43×10⁻⁴ 3.76×10⁻⁴ 
2 Mai-Mala 

Quarters 12.90004 11.06793 
 

7.8 
 

93.99 
 

246.48 
 

3.29×10⁻⁴ 
 

8.63×10⁻⁴ 
3 USCOEGA 12.88692 11.06894 5.2 62.05 162.14 2.17×10⁻⁴ 5.68×10⁻⁴ 
4 Zangon Kanwa 12.87892 11.0595 10.6 126.94 331.09 4.44×10⁻⁴ 1.16×10⁻³ 
5 Bultumari 12.85236 11.02928 4.3 51.51 133.91 1.80×10⁻⁴ 4.69×10⁻⁴ 
6 Filin Tanda 12.85236 11.01686 8.9 106.99 279.24 3.75×10⁻⁴ 9.77×10⁻⁴ 

7 Sabon Gari A 12.84649 11.05205 14.2 170.29 444.54 5.96×10⁻⁴ 1.56×10⁻³ 
8 FUGASH 12.89497 11.03741 6.1 73.13 190.56 2.56×10⁻⁴ 6.68×10⁻⁴ 
9 Tashar Kuka A 12.87907 11.01832 20.8 249.76 651.34 8.74×10⁻⁴ 2.28×10⁻³ 

10 Kabala 12.88548 11.04071 11.3 135.79 354.26 4.75×10⁻⁴ 1.24×10⁻³ 
11 Sa’Idawa 12.84424 11.01306 2.8 33.66 87.01 1.18×10⁻⁴ 3.05×10⁻⁴ 

12 Low-cost A  12.9012 11.06556 9.7 116.97 304.03 4.09×10⁻⁴ 1.06×10⁻³ 
13 Sabon Gari B 12.89295 11.02653 17.9 216.05 562.14 7.56×10⁻⁴ 1.97×10⁻³ 
14 Tashar Kuka B 12.85574 11.05075 23.4 282.42 734.22 9.88×10⁻⁴ 2.57×10⁻³ 

15 Low-cost B 12.85391 11.0297 12.6 152.11 395.52 5.32×10⁻⁴ 1.38×10⁻³ 
16 Tashar Kuka c 12.854 11.0422 31.0 374.30 973.05 1.31×10⁻³ 3.41×10⁻³ 
17 Kwata 12.86126 11.0438 25.3 305.89 794.65 1.07×10⁻³ 2.78×10⁻³ 

18 ‘Yan-Lodi A 12.87449 11.02209 4.9 59.71 155.26 2.09×10⁻⁴ 5.43×10⁻⁴ 

19 Dagona 12.86892 11.06918 18.4 222.06 577.36 7.77×10⁻⁴ 2.02×10⁻³ 
20 Gasma 12.86047 11.05751 7.1 85.74 223.00 3.00×10⁻⁴ 7.81×10⁻⁴ 
21 Jabulle 12.87971 11.06737 27.2 328.55 853.43 1.15×10⁻³ 2.99×10⁻³ 
22 Garin Alkali  12.85137 11.06469 8.4 100.84 262.19 3.53×10⁻⁴ 9.18×10⁻⁴ 

23 Katuzu 
Primary 12.86053 11.04687 

15.1 182.11 472.49 6.37×10⁻⁴ 1.65×10⁻³ 

24 Azbak 12.86498 11.06631 13.3 160.86 417.46 5.63×10⁻⁴ 1.46×10⁻³ 
25 Katuzu Sapeta 12.87036 11.01631 22.7 273.57 710.06 9.58×10⁻⁴ 2.49×10⁻³ 

26 ‘Yan-Lodi B 12.89011 11.02276 6.7 79.82 207.25 2.79×10⁻⁴ 7.25×10⁻⁴ 
27 Takari Video 

Center 12.85498 11.01371 

 
19.2 

 
231.12 

 
600.36 

 
8.09×10⁻⁴ 

 
2.10×10⁻³ 

28 Makabarta 12.87385 11.03052 5.8 69.44 180.54 2.43×10⁻⁴ 6.32×10⁻⁴ 
29 Karambanin 

Afuno 12.87855 11.03432 
 

29.6 
 

357.28 
 

927.94 
 

1.25×10⁻³ 
 

3.25×10⁻³ 

30 Mobile Base 12.84579 11.02728 9.1 109.63 284.54 3.84×10⁻⁴ 9.96×10⁻⁴ 
31 Control A 12.87945 11.06072 4.46 53.69 139.08 1.88×10⁻⁴ 4.87×10⁻⁴ 

32 Control B 12.85323 11.03241 5.03 60.52 156.88 2.12×10⁻⁴ 5.49×10⁻⁴ 
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Figure 2: Radon Gas Concentrations levels across various sampling locations in the study area. 

Figure 3: Annual Effective Dose due to Radon Ingestion in Adults and Children in the Study area. 

 
Figure 4: Excess Lifetime Cancer Risk (ELCR) due to Radon Ingestion in Water Samples in the Study Area. 

 
Table 2 compared this study’s findings with similar studies conducted in Nigeria and globally, 
the findings reported the Radon concentrations in Gashua are generally within the same 
magnitude but slightly higher than those reported in Saudi Arabia (1.97–15.53 Bq/L; Mamun 
et al., 2022) and Bureti, Kenya (4.57–22.56 Bq/L; Rotich et al., 2020). The Gashua values are, 
however, lower than the Cilento region of Italy (3.02–45.03 Bq/L; Faella et al., 2020) where the 
higher mean concentration of 24.03 Bq/L has been attributed to radon emanation from 
uranium-rich carbonate and metamorphic lithology. Comparatively, the results are consistent 
with findings from Minna, Nigeria (5.72–19.94 Bq/L; Kolo et al., 2023) and Ogbomoso, Nigeria 
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(3.73–21.63 Bq/L; Oni et al., 2019), both reporting mean concentrations of 12.83 Bq/L and 12.68 
Bq/L, respectively as presented on Figure 5. 
 
Table 2: Comparison of this study’s Statistical Indexes with other studies 

S/No. Statistical Indexes This 
Study 

Other Studies 
Bureti-
Kenya 

(Rotich et 
al., 2020) 

Cilento-
Italy 

(Faella et 
al., 2020) 

Saudi-
Arabia 

(Mamun 
et al., 
2022) 

Boss-
Minna 

(Kolo et 
al., 2023) 

Ogbomoso-
Nigeria 

(Oni et al., 
2019) 

1 Minimum 
2.8 4.57 

 
3.02 

 
1.97 5.72 3.73 

2 Maximum 31.0 22.56 45.03 15.53 19.94 21.63 

3 Mean Conc. (average) 
12.88 13.57 24.03 

 
8.75 

12.83 12.68 

4 Standard Deviation 
8.27 5.27 12.31 3.97 4.17 5.24 

5 
Mean AEDing 

(Adults) μSv/y 

188.1 198.1 351.8 127.9 187.3 185.1 

6 
Mean AEDing 

(Children) μSv/y 

493.8 519.7 921.3 334.6 491.3 485.6 

7 
Mean ELCR 

(Adults) 

6.6×10⁻⁴ 6.95×10⁻⁴ 1.23×10⁻³ 4.49×10⁻⁴ 6.58×10⁻⁴ 6.50×10⁻⁴ 

8 
Mean ELCR 
(Children) 

1.7×10⁻³ 1.79×10⁻³ 3.17×10⁻³ 1.15×10⁻³ 1.69×10⁻³ 1.67×10⁻³ 

Figure 5: Comparison of Radon Concentrations in (Bq/L) for this Study and other Studies. 
Figure 6, presented the Annual Effective Dose (AED) estimated for Gashua that ranged from 33.66–374.30 μSv/y, 
yielding a mean value of 188.1 μSv/y for adults and 493.8 μSv/y for children. These values are comparable to those 
obtained in Bureti (198.1 and 519.7 μSv/y for adults and children, respectively) and Ogbomoso (185.1 and 485.6 
μSv/y), but lower than the values reported in Cilento, Italy (351.8 μSv/y for adults and 921.3 μSv/y for children). 
The elevated dose values in the Italian study likely reflect higher geological uranium content and enhanced radon 
solubility in carbonate aquifers. Meanwhile, the relatively lower AED values in Saudi Arabia (127.9 and 334.6 
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μSv/y) may be attributed to lower uranium mineralization in arid sand-stone aquifers and higher groundwater 
turnover rates. 

 
Figure 6: Comparison of Mean Annual Effective Dose in (μSv/y) for Adults and Children for this Study and 
other Studies. 
 

Similarly, as presented in Figure 7, the Excess Lifetime Cancer Risk (ELCR) in Gashua 
(6.6×10⁻⁴ for adults and 1.7×10⁻³ for children) which aligns closely with values reported in 
Bureti (6.95×10⁻⁴; 1.79×10⁻³), Minna (6.58×10⁻⁴; 1.69×10⁻³), and Ogbomoso (6.50×10⁻⁴; 
1.67×10⁻³) for Adults and Children respectively. However, all studies including this one 
exceed the WHO recommended safe limit of 1.0×10⁻⁴, indicating potential long-term health 
risks from chronic ingestion of radon-contaminated water. The relatively higher radiological 
risk observed in children across all locations stems from their greater water intake per body 
mass and increased sensitivity of developing tissues to alpha radiation. 
 

 
Figure 7: Comparison of Mean Excess Lifetime Cancer Risk for Adults and Children for this Study and other 
Studies. 
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From a radiobiological perspective, radon-222 (²²²Rn) is a radioactive noble gas produced from 
the decay of radium-226 (²²⁶Ra) in the uranium-238 decay series (Ngo Nyemeg et al., 2025). 
Though chemically inert, radon decays into a series of short-lived progeny, including 
Polonium-218 and Polonium-214, which emit high-energy alpha particles. These alpha 
emissions have strong ionizing potential, capable of inducing DNA strand breaks, oxidative 
stress, and chromosomal mutations in tissues exposed via ingestion or inhalation. When 
radon-contaminated water is ingested, the dissolved gas can enter systemic circulation and 
accumulate in highly perfused organs such as the kidneys, where chronic low-dose exposure 
may lead to cellular injury, fibrosis, or even neoplastic transformation. 
 
Dehydration can reduce renal blood flow and impair the kidneys’ ability to clear wastes and 
maintain fluid‐electrolyte balance. Chronic or recurrent dehydration may contribute to renal 
stress and risk of chronic kidney dysfunction. Conditions such as hypertension and diabetes 
both well‐recognized contributors to CKD also weaken renal filtration capacity and reduce 
renal reserve (Yang, 2020; Kunda et al., 2024). In the Gashua region, environmental factors 
might be a reason for increased radiological health risks. Ambient temperatures frequently 
exceed 40 °C, which promote repeated episodes of dehydration and reduced renal perfusion. 
These conditions may compromise kidney clearance capacity of the ingested radon from the 
water and increase the susceptibility of the kidneys to further damage from ionizing radiation. 
Furthermore, alcohol consumption, poor dietary habits (especially high salt and low fruit 
intake), and drug misuse, notably the unsupervised use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) increase oxidative stress and kidney inflammation (Kunda et al., 2024). 
Almost all households in the study area (Gashua) rely on the same groundwater sources for 
drinking and domestic use, such lifestyle factors may act synergistically with radon exposure, 
enhancing the risk of renal malfunction. These observations give a multifactorial public health 
concern by combining the effects of environmental radiation exposure, chronic dehydration, 
and metabolic disorders could accelerate kidney damage and carcinogenic outcomes. The 
interaction between radon-derived alpha radiation and chronic vascular or metabolic 
stressors amplifies oxidative injury, inflammation, and fibrosis in renal tissues (Hadkhale et 
al., 2022). Prolonged exposure under such conditions could potentially lead to radiation-
induced nephropathy or renal cell carcinoma (Kolo et al., 2023). 
 
CONCLUSION 
This study evaluated radon concentrations in groundwater drawn from domestic boreholes 
across 32 sampling locations in Gashua, Northeast Nigeria, and calculated the associated 
ingestion based radiological health risks. The recorded radon concentrations exhibited notable 
spatial variability, ranging from 2.8 Bq/L in Sa’Idawa to 31.0 Bq/L in Tashar Kuka C, 
indicating the presence of zones where radon migration through geological substrates is more 
pronounced. The estimated annual effective dose from water ingestion was found to be 
consistently higher in children compared to adults due to physiological and metabolic 
sensitivities. Adult ingestion doses ranged between 33.66 μSv/y and 374.30 μSv/y, while 
children received substantially higher doses from 87.01 μSv/y to 973.05 μSv/y within the 
same communities. The highest ingestion dose levels were recorded in Tashar Kuka C, 
Karambanin Afuno, Kwata, and Tashar Kuka B, highlighting communities at elevated 
radiological exposure risk. Similarly, the corresponding excess lifetime cancer risk (ELCR) 
surpassed the internationally accepted reference value of 1.0 × 10⁻³ in multiple locations. The 
highest ELCR for adults (1.31 × 10⁻³) and children (3.41 × 10⁻³) were observed in Tashar Kuka 
C, with other locations such as Kwata, Karambanin Afuno, Sabon Gari B, and Katuzu Sapeta 
also indicating significant long-term risk burdens, particularly among children. 
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