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Abstract 

This study assesses the activity concentration of Radon in underground water around Bagwai 
and Shanono artisan gold mining Sites in Kano State, Northwestern Nigeria. A total of (39) 
underground water samples, including sixteen (16) from boreholes and twenty-three (23) 
from hand-dug wells, were randomly collected. The activity concentration of Radon was 
analyzed using a portable radon detector, Rad7, from DURRIDGE Company. The results 
show that the radon concentration in all the water samples ranges from 4.13 to 45.24 Bq/l, 
with an average value of 20.13 Bq/l. The calculated total annual effective dose due to both 
ingestion and inhalation for different age groups ranges from 42.40, 57.60 and 65.30 (µSv/y) 
to 457.10, 622.06 and 704.60 (µSv/y), with an average value of 203.32, 276.70  and 313.51 
(µSv/y) for adults, children, and infants respectively. The total excess lifetime cancer risk for 
different age groups varies from 0.00149, 0.00202 and 0.0247 to 0.0160, 0.0220 and 0.0247 
with mean values of 0.00703, 0.00956 and 0.0109 for adults, children, and infants. The 
obtained results are higher than the internationally recommended limits set by USEPA of 4 to 
40Bq/l and the International Commission on Radiological Protection (ICRP) value of 
0.1mS/y; thus, the water in the study area is not suitable for drinking and other domestic 
purposes. Hence, remedial action needs to be taken by the authorities to ensure the continuous 
utilization of water within the study area. 
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I. INTRODUCTION 

ater is an essential resource for human survival, and 
the value of fresh drinking water cannot be 

overemphasized, with a substantial portion of the world's 
population relying on groundwater sources, such as wells and 
boreholes, for their very existence [1]. Groundwater contains 
dissolved Radon from the uranium series, which is present in 
soil and rocks [2]. Because water is valuable, humans will go 
to any extent to collect it from several sources, including 
rivers, streams, rain, wells and boreholes. Reference [2] 
observed that cancer caused by chemical carcinogens is 
mainly caused by drinking polluted water. Water pollution 
originates from fertilizers used by farmers, materials used in 
hospitals and industries, and the release of sewage and 
garbage into the environment. All these waste items typically 
include radioactive elements [3], with Radon being the 
second most common cause of death from lung cancer 
globally [1]. 

Radon (222Rn), a noble radioactive gas from geogenic 
sources, is highly mobile due to its short half-life of 3.8 days; 
this short half-life makes it one of the rarest radionuclides 
compared to uranium and thorium (mother radionuclides) 
with very long half-lives (several billions of years). Despite 
its limited availability, it will be present in the future since it 
is constantly produced from its mother radionuclides 
(uranium). Exposure to this colourless, odourless, and 
tasteless chemical can pose a severe public health risk 
because it is responsible for the human population's radiation 
exposure [5]. Radon gas and its radioactive isotopes have 
gained special attention among all other naturally occurring 
radioactive materials because they provide humans with the 
highest total annual effective dose [6].  

Groundwater is the most prevalent and commonly utilized 
resource. However, its quality can be affected by human 
activities such as metal ore mining and milling, which create 
a rising source of naturally occurring radioactive materials 
(NORMS) in the earth's crust [7]. Mining minerals contribute 
to the danger of exposure to naturally occurring 
radionuclides by exposing them to the earth's surface. The 
risk evolves when these radionuclides are transported into 
bodies of water used for drinking [8]. Previous studies reveal 
that gold mining occurs in Shanono and Bagwai local 
government areas of Kano State, Northwestern Nigeria. The 
populace in the proximity of Bagwai and Shanono is heavily 
engaged in extensive gold mining, which could potentially 
face a heightened risk of adverse radiological health 
outcomes, notably lung cancer and respiratory dysfunction 
[2]. 

Several studies have been carried out within and outside 
Nigeria to investigate Radon concentration in groundwater 
and its potential radiological human health risk to 
inhabitants. These studies include a survey on Radon 
monitoring in groundwater samples from some areas of 

northern Rajasthan, India, using a RAD7 detector [2]. 
Similarly, [5] presented a study on a new framework for 
groundwater resource management and radiological 
protection: the adoption of a Portuguese Action Plan for 
Drinking Water Radon and Its Effects on Human Health, 
while [9] investigated heavy metals and Radon concentration 
in soil and water samples from Wadi-B Jere Oil Exploration 
Sites in Maiduguri, Northeast Nigeria. Reference [1] 
estimated Excess Life Cancer Risk and Annual Effective 
Dose for boreholes and well water in Dutse, Jigawa State, 
Nigeria, using a liquid scintillation counter, and [10] 
assessed the Radon concentration and associated health 
implications in groundwater and soil around Riruwai mining 
sites, Kano State, Nigeria and its environs using Rad7 
detector.  

With the numerous illicit gold mines in the study area, 
there is a need for more studies on radon concentration at the 
Bagwai and Shanono artisanal gold mining sites in Kano 
State, Northwestern Nigeria. Sparse data on such studies 
exists because Radon activity concentrations are often 
determined without considering the excess lifetime cancer 
risk and annual effective dose. Therefore, measuring the 
radon concentrations in water is essential to monitor the 
public's exposure to ionizing radiation. 

Thus, this study is aimed at evaluating the Radon 
concentrations, excess lifetime cancer risk, and annual 
effective dose from the consumption of borehole and well 
water for various age groups in the Bagwai and Shanono 
Local Governments, Kano State, Northwestern Nigeria, 
using the portable Radon detector, Rad7. 

II. MATERIALS AND METHOD 

A. Study Area 

Bagwai and Shanono are located between latitudes 
11˚93ʹ22ʺ to 12˚31ʹ38ʺN and longitudes 7˚81ʹ42ʺ to 
8˚26ʹ26ʺE. They share borders with Dawakin Tofa, Tofa, and 
Rimin Gado local governments to the south, Gwarzo and 
Kabo local governments to the east, and Tsanyawa and Bichi 
local governments to the north, all within Kano state. To the 
west, they are bordered by the Musawa and Kankia local 
governments of Katsina state. The foundation's complex 
geological structure dominates the area, characterized by 
predominantly flat plains with isolated hills and mountains. 
The rocks in the area include those from the younger granite 
series, volcanic, and some younger dykes and flows, which 
suggests a diverse geological history and potentially 
significant mineral resources [11]. The availability of safe 
and reliable water sources is an essential prerequisite for 
sustainable development within these areas, as deserts are 
generally not habitable because of the absence of water [12]. 
Consequently, freshwater quality and availability have 
continued to be among the most crucial environmental and 
sustainability challenges of the twenty-first century [3]. 
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Fig. 1 Geological map of the study area. 

B. Materials 

The materials used for this study include a 250 ml container, 
water samples, capture software, GPS for coordinate 
mapping, and the electronic radon detector DURRIDGE 
RAD7 (MA 01821/3332). 

C. Methods 

1) Sample collection and preparation 
Thirty-eight (38) groundwater samples were collected from 
wells and boreholes in the Bagwai and Shanono gold mining 
sites of Kano State, Northwestern Nigeria. The samples were 
carefully collected into dry, clean Faro jars, filled to the brim 
to avoid air pockets and sealed to prevent contamination and 
the escape of radon gas. All groundwater samples collected 
from the Bagwai and Shanono artisans' gold mining site of 
Kano State, Nigeria, were carefully marked and labelled with 
the time and location of the collection. This labelling ensures 
easy identification and prevents mix-ups during analysis. The 
well and borehole water samples were transported to the 
laboratory for thorough analysis. 

2) Sample Analysis 
Radon concentrations in water samples collected from the 
Bagwai and Shanono artisans’ gold mining sites were 
measured using RAD7, an electronic radon detector 

connected to a RAD-H2O accessory (DURRIDGE Co., 
USA). Fig. 2 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 [4]. 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 [14]. 
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Fig. 2 Rad7 and Rad-H2o Set-Up for Radon in Water Detection.

III. RADIOLOGICAL HAZARD PARAMETERS 

A. Determination of Annual Effective Dose due to Ingestion 
(AEDing)  

The annual effective dose (µ𝑆𝑣𝑦ିଵ) due to drinking water 
ingestion was calculated using (1). 
𝐴𝐸𝐷௜௡௚ = 𝐾 × 𝐶ோ௡ × 𝐶௪ × 𝑇   (1) 

Where K is the conversion factor for ingesting a dose of 
222Rn 𝑆𝑣𝐵𝑞ିଵ for adults, the committed effective dose per 
unit intake from ingesting Radon in water (𝐾) is 
10ି଼ 𝑆𝑣𝐵𝑞ିଵ. It is 2 × 10ି଼ 𝑆𝑣𝐵𝑞ିଵ and 7 × 10ି଼ 𝑆𝑣𝐵𝑞ିଵ 
for adults, children and infants, respectively. Cw is the water 
consumption estimated as 2 𝑙 per day for adults, 1.5 𝑙 per day 
for children and 0.5 𝐿 per day for infants. CRn is the 
concentration of 222Rn (𝐵𝑞ିଵ) in each sample, and T is the 
period of consumption (365 days) 𝑦ିଵ.To calculate the 
AEDing, we assumed that adults, children and infants drink 
directly from the source and consume an average of 2.0, 1.5, 
and 0.5 𝑙 of water per day, respectively [15]. 

B. Determination of Annual Effective Dose due Inhalation 
(AEDinh) 

To calculate the AEDinh via inhalation, we used (2), which 
is given as: 
𝐴𝐸𝐷௜௡௛ = 𝐶ோ௡ × 𝐹 × 𝑂 × 𝐷𝐶𝐹 × 𝑅௪   (2) 

Where AEDinh is the Annual effective dose via inhalation 
(µ𝑆𝑣𝑦ିଵ), 𝐶ோ௡ is the concentration of 222Rn (𝐵𝑞ିଵ), Rw is 
the ratio of Radon in the air to the Radon in water (10ିସ); F 
is the equilibrium factor between Radon and its progeny 
(0.4), O is the average indoor occupancy time per 
individual (7,000 ℎ𝑦ିଵ). DCF is the dose conversion factor 
for Radon exposure (9𝑛𝑆𝑣ℎିଵ(𝐵𝑞𝑚ିଷ)ିଵ) [16]. 

C. Determination Total Annual Effective Dose (AEDtotal) 

The total Annual Effective Dose (AEDtotal) derived from 
both ingested and inhaled dose summation due to utilization 
of the surface and ground waters in the mining area is 
calculated using (3). 
𝐴𝐸𝐷௧௢௧௔௟ = 𝐴𝐸𝐷௜௡௚ + 𝐴𝐸𝐷௜௡௛    (3) 

AEDtotal is the total annual effective dose(µ𝑆𝑣𝑦ିଵ), 
AEDing implies the Annual effective dose from 
ingestion(µ𝑆𝑣𝑦ିଵ), and AEDinh implies the Annual effective 
dose from inhalation (µ𝑆𝑣𝑦ିଵ)) [17]. 

D. Estimation of Excess Lifetime Cancer Risk (ELCR) 

The excess lifetime cancer risk (ELCR) was calculated using 
the AEDE values and (4). 

𝐸𝐿𝐶𝑅 (𝑚𝑆𝑣𝑦ିଵ) = 𝐴𝐸𝐷𝐸 × 𝑎𝑣𝑒. 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑖𝑓𝑒 (𝐷𝐿) ×

𝑟𝑖𝑠𝑘 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑅𝐹)    (4) 

AEDE is the annual effective dose equivalent, DL is the life 
expectancy (70 years), and RF is the fatal cancer risk factor 
(𝑆𝑣ିଵ). 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 [18]. 

IV. RESULTS AND DISCUSSION 

Thirty-nine (39) groundwater samples were collected from 
Bagwai and Shanono artisans’ gold mining site, Kano state, 
northwestern Nigeria, and analyzed for radon gas activity 
concentration. Sixteen(16) were samples from boreholes, 
while twenty-three (23) were samples from hand-dug wells, 
with depths ranging from 30 to 557 𝑚 in elevation. The 
measured results of Radon concentration are tabulated in 
Table I. 
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Table I. Results of Radon Concentrations of boreholes and well water samples in Bagwai and Shanono local Government 
area, Kano state, Nigeria, measured in 𝐵𝑞/𝑙 and total annual effective dose for different age groups (adults, children and 
infants) with estimated excess lifetime cancer risk for various age groups. 

 
 

Fig. 3 shows a plot of the Radon activity concentration of 
borehole and well water samples in 𝐵𝑞/𝑙 against the Sample 
ID of the study area, with values ranging from 4.19 to 
45.24 𝐵𝑞/𝑙 with a mean value of 20.13 Bq/l which is above 
the recommendation limits of 11.1 𝐵𝑞/𝐿 as set by the United 
States Environmental Protection Agency [5], world average 
value of 10 𝐵𝑞/𝑙 and 11.1 𝐵𝑞/𝑙 set by the Standard 
Organization of Nigeria [19], [20]. These results revealed 
that 15% of all the water samples collected are below the 
United States Environmental Protection Agency limit, 76% 
are above the safe limit recommended by USEPA, and 9% 
are above the 4 − 40 𝐵𝑞/𝑙 safe limit of radon concentration 
in drinking water samples as recommended by the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation [8]. Based on these findings, 91% of the water 
collected within the study area is unsafe for drinking and 

other domestic use. Thus, the consumption of water obtained 
within the study area threatens the health of both humans and 
animals alike by exposing sensitive cells in their digestive 
system and other organs once it is taken into the 
bloodstream. Also, radon in drinking water may have other 
harmful impacts on human health beyond causing lung 
cancer. 

A comparison of the Radon concentration in the study area 
with other studies carried out in some states within Nigeria, 
Kwara [15], Dutse, Jigawa [3], Katsina [21], Borno [9] and 
Lagos [22]  is depicted in Fig. 4. The radon concentration in 
water samples in [9] is in close agreement with the present 
study. However, the radon concentration in [15], [3], and 
[21] are higher, while the concentration of Radon in [22] is 
lower than the reported values in the present study. 
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Fig. 3 Estimated Radon activity concentration of borehole and well water in 𝐵𝑞/𝑙 against the Sample ID of the study area. 

 

Fig. 4 Comparison of Estimated Radon concentration of the study area with other states. 

Fig. 5 depicts the estimated total annual effective dose for 
different age groups (Adults, Children and Infants) for all the 
locations within the study area. The mean total annual 
effective dose due to ingestion for various age groups is 
given by 42.40, 57.60 and 65.30 (µ𝑆𝑣/𝑦) to 457.10, 622.06 
and 704.60 (µ𝑆𝑣/𝑦), with an average value of 
203.32, 276.70 and 313.51 (µ𝑆𝑣/𝑦) for adults, children, 
and infants. The total annual effective dose for adults and 
children of the studied water samples is above the safe limit 
(100 µ𝑆r 0.1 𝑚𝑆𝑣/𝑦) recommended by WHO (2003) and the 
EU Council (1998), while the annual effective dose due to 
inhalation is within the safe limit of 0.1 𝑚𝑆𝑣/𝑦 
recommended by WHO (2004) and the European Council 
(EU) (1998) [2]. Several factors, including the methods of 

measurement, depth of water resources, the geological 
structure of the area, and hydrological processes, could 
influence the results obtained. The data reveal significant 
radiological health concerns across all age groups, as the 
recorded values exceed the WHO's permitted limits of 
100 𝜇𝑆𝑣/𝑦 for adults. Since newborns receive higher 
radiation doses than both adults and children, these results 
reveal a severe health risk. This is alarming because, 
compared to adults and children, infants' developing vital 
organs make them more susceptible to radiation [10]. 

Fig. 6 illustrates the estimated excess lifetime cancer from 
inhalation for boreholes and well water samples against 
sample ID. 
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Fig. 5 Estimated total annual effective dose for different age groups (Adults, Children, and Infants) for all the locations in the 
study area. 

 

Fig. 6 Estimated Excess lifetime cancer due to inhalation for boreholes and well water samples against sample ID. 

The total excess lifetime cancer risk for different age 
groups was found to vary from 0.00149, 0.00202 and 
0.0247 to 0.0160, 0.0220 and 0.0247, respectively, with 
mean values of 0.00703, 0.00956 and 0.0109 for adults, 
children, and infants respectively (See Table I). All the 
average values obtained for excess lifetime cancer risk due to 
ingestion and inhalation are above the world average of 
0.002.9 × 10ିସ reported by the United Nations Scientific 
Committee on the Effects of Atomic Radiation [11]. 

V. CONCLUSION 

Radon concentrations were measured with a calibrated 
RAD7-Active Electronic Portable Detector, and the total 
annual effective doses for adults, children, and infants and 

total excess lifetime cancer risk were computed. An 
assessment of Radon levels in groundwater at Bagwai and 
Shanono artisan mining sites within Kano State, 
Northwestern Nigeria, revealed significant radiological risks 
associated with water from boreholes and hand-dug wells. 
The results indicated that Radon concentration surpassed 
international safety limits, posing a radiological threat to 
people residing within these areas. Nigeria currently lacks 
specific regulations for Radon in drinking water. Hence, 
there is a need to establish a national maximum contaminant 
limit for Radon and other radionuclides. A thorough 
investigation of Radon levels in drinking water sources 
across all geopolitical zones in Nigeria is crucial to 
identifying high-risk areas and protecting citizens from the 
dangers of Radon exposure. The study also underscores the 
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importance of reassessing the public water system and 
educating the public about Radon, its health risks, and 
methods to reduce its concentration in water. Both inhalation 
and ingestion of Radon are associated with higher risks of 
stomach and lung cancers, highlighting the necessity of 
public health initiatives. Additionally, the study recommends 
conducting epidemiological research to examine the 
incidence of lung and stomach cancers in regions with more 
elevated Radon concentrations, providing essential data for 
health policies and risk management. Finally, this research 
underscores the urgent need for national regulations on 
Radon in drinking water, comprehensive monitoring across 
Nigeria, public education on Radon risks, and further 
epidemiological studies to safeguard public health.  
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