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ABSTRACT 

Oil and gas exploration is one of the major sources of naturally occurring 

radioactive materials (NORMs). The work assessed the radiological hazard 

associated with the radon in soils of the oil and gas exploration site, Bauchi state, 

Nigeria. The study aims to measure indoor radon concentration and evaluate the 

excess lifetime cancer risk from its exposure. The indoor radon concentrations 

were measured at Kolmani oil field using electronic semiconductor detector 

(RAD7). The indoor radon activity concentration varies from 52.1 ± 1.92 Bq/m3 

to 196.5 ± 4.41 Bq/m3 with a mean value of 126.5 ± 3.36 Bq/m3. The result for 

Annual effective dose (Eaed) calculated from the measured indoor radon was 2.29 

mSv/y, which are clearly above the permissible limit of 100 Bqm-3 and 1.15 mSv/y 

set by (WHO) and (UNSCEAR, 2000). The potential health risk was determined 

by computing Excess Lifetime Cancer Risk (ELCR) and lung cancer cases per 

year per million persons (LCC). The map for the distribution and exposure rate 

due to indoor Radon for the Kolmani oil field was also plotted using Golden surfer 

12 software. The average values for (ELCR) and (LCC) are respectively1.2 x 10-

2 and 56.28 per millions, which is lower than the limit range of 170–230 per million 

persons recommended by ICRP. These measurements provide valuable insights 

for evaluating public radiation exposure and establishing robust radiological 

safety protocols. 

 

INTRODUCTION 

Naturally occurring radioactive materials (NORMs) are 

radionuclides that are present at varying concentrations 

in the earth’s crust and can be concentrated and enhanced 

by processes such as the exploration of oil and gas 

(Xhixha et al., 2015). Crude oil and its products and 

wastes belong to the major sources of naturally occurring 

radioactive materials (NORMs), these products can then 

be enriched to some levels due to technological and 

human processes (Khandaker et al., 2018). Natural 

radioactivity is widely spread in the earth's environment 

and depends primarily on the geological and 

geographical conditions, and appears at different levels 

in the soils of each region in the world. Radionuclides 

derived from uranium and thorium, along with their 

decay products, are the most significant NORMs in 

radiological studies because they greatly contribute to 

human exposure in the environment (Isinkaye and 

Emelue, 2015).  

. Several studies have confirmed that exposure to 

NORMs during the mining and production of oil and gas 

poses significant health and safety risks (Hanfi et al., 

2021). More human evidence of the harmful nature of 

ionizing radiation was also reported by early radiologists 

and persons working in the Radium industry. Both 

empirical observations and epidemiological studies have 

consistently shown carcinogenic properties of ionizing 

radiation. Survivors of the Hiroshima atomic bomb 

exposed to radiation above one Sievert showed a 

significant increase in the incidence of leukemia (Yalcin 

et al., 2020).   

Radon is an imperceptible, naturally occurring 

radioactive gas emitting alpha radiation. It arises from the 

decay of 226Ra, a long-lived radionuclide with a 1600-

year half-life, within the 238U radioactive decay series. 
222Rn decays emit 5.49 MeV alpha particles, producing a 

series of radionuclides, primarily 214Po and 218Po, which 

contribute more than 90% of the total radiation dose 

associated with radon exposure (Adelikhah et al., 2021). 
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The primary source of indoor radon is uranium, which is 

found in drinking water, building materials, and the rocks 

and soil beneath homes. Long-term exposure to high 

indoor radon concentrations can have pathological 

consequences and functional respiratory alterations, 

raises the possibility of getting lung cancer (Qureshi et 

al., 2014).  

Radon is the largest contributor to human radiation 

exposure, responsible for more than half of the global 

average annual dose. Regulatory actions and mitigation 

strategies are essential to address radon risks, 

necessitating comprehensive knowledge of radon levels 

and geographic distribution (Yousef and Zimami, 2019). 

Countries worldwide have implemented Radon mapping 

techniques to identify areas of elevated exposure risk. 

The maps serve as essential tools for radon risk 

assessment and mitigation in housing development 

(Loffredo et al., 2021).  

 Measuring indoor radon is vital, as it contributes 

significantly to the total natural radiation exposure, 

exceeding 50% of the overall dose (Coletti et al., 2022). 

Extensive research has been published recently on radon 

measurements worldwide and epidemiological 

investigations exploring the link between indoor radon 

exposure and lung cancer risk (Sheen et al., 2016). 

Workers and members of the public are liable to exposure 

from these radioactive materials if adequate radiation 

protection measures are not put in place. Nigeria is 

among the countries impacted by exposure to NORMs, 

particularly during exploration activities. Thus, the risk 

of exposure to radiation is often ignored. In the 

meantime, oil and gas exploration activity is being 

carried out in Bauchi State, it is therefore important to 

assess the presence of radionuclides in soils of the oil and 

gas exploration site so as to document the present 

radiological levels for environmental monitoring and 

protection as well as public health protection purposes. 

Existing literature indicates that no research has been 

conducted to assess the health risks from indoor radon 

exposure stemming from the granite quarry of the study 

area. The study intends to assess indoor radon 

concentrations and evaluate the excess lifetime cancer 

risk resulting from prolonged exposure. The research is 

aims to investigate the indoor radon concentration and 

also to measure gamma dose in the Kolmani oil field of 

Alkaleri to serve as a radiological assessment and 

improve health standard to the public. 

 

MATERIALS AND METHODS 

This section outlines the research methodology 

implemented to achieve the study’s objectives. It 

includes a description of the study area, focusing on its 

geographical location. Sample collection, preparation, 

and analysis were carried out following established 

standard procedures. The present research mainly 

focuses on the measuring indoor 222Rn concentration and 

its associate health hazard using RAD7, alpha particle 

detector (Durridge co, USA). The gamma dose rate was 

measured above 100cm from the ground level, using 

portable detector model 19, micro Roentgen (µR) meter. 

Finally, Multivariate statistical approaches (Pearson 

correlation) was employed to investigate the correlation 

between indoor radon concentration and measured 

gamma dose rate. 

 

Study Area 

The study area lies in the southeastern part of Bauchi area 

in Northeastern Nigeria, in the Alkaleri Local 

Government area falls within Latitude 10o7'03.9'' N and 

Longitude 10o42' 43.8'' E (fig 3.1). It is more specifically 

located at a border town between Bauchi and Gombe 

State called Kolmani village, a densely populated area. 

Two distinct seasons, dry and arid, characterize the study 

area. The rainy season starts from April and ends in 

October, while the dry season runs from November to 

March. The area is characterized by a few hills reaching 

an elevation of 706 m above sea level in the southwestern 

and northwestern regions, underlain by crystalline 

basement rocks. The lowest elevation in area is 275 m 

and it is associated with stream channels in the 

northeastern and southeastern regions, underlain by the 

Tertiary Kerri–Kerri Formation. The geology of the study 

area is somewhat complex as it coincides with the 

geological transition zone, between the Precambrian 

Basement Complex rocks in the northwestern and 

southwestern portions of the study and Tertiary 

sediments of the Upper Benue Basin which underlie the 

northeastern and the southeastern parts. 
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Figure 1: An Extracted Google Earth Map Showing the Geographical and Geological Description of the 

Study Area 

 

Measurement of Radon in the Indoor and Soil Gas 

The indoor radon concentrations were measured at 20 

different locations across the study area with a special 

accessory for the purpose of measurement by the RAD-7 

detector. The radon and thoron content in air is measured 

by the RAD-7 detector, a high-performance continuous 

radon measuring instrument simultaneously in thoron 

mode. Air is sucked by the built-in pump which is passed 

through the drierite to internal sample cell for the 

measurement of radon and thoron concentration. The 

detector distinguishes alpha particles from 218Po and 
214Po with energies 6.0 MeV and 7.9 MeV, respectively 

in the respective windows. In thoron measurement the 

sample pump runs in a continuous fashion, at a steady 

consistent flow rate. Flow rate affects the amount of 

thoron in the internal cell, since a significant fraction of 

the thoron decays in the sample intake system as well as 

within the instrument (Rahman, M. 2009). The soil gas 

sample at each site is collected with the help of a probe, 

immersed in the soil to a depth of about 1 m, which is 

then connected to the RAD-7 detector with a special 

accessory for the purpose. The thin probe of app. 20 mm 

diameter is penetrated in the soil with a rotating handle 

or immersed with gentle strokes of a hammer. The water 

protected measuring instrument is then attached to the 

probe for sucking the soil gas from the deep soil. The soil 

gas is sucked through the tube pipe into the measuring 

instrument for 5 min pumping phase and then the data 

along with the respective bar charts and cumulative 

spectra of each sample are printed out on the printer 

attached with the instrument. During soil gas samplings, 

sniff protocol and Grabmode are used (Abuelhia, 2017). 

 

Instrumentation 

The RAD-7 Electronic Radon Detector (Durridge Co.) is 

a solid-state alpha detector. The schematic diagram of 

soil gas monitoring using RAD7. A solid-state detector is 

a semiconductor material (usually Silicon) that converts 
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alpha radiation directly to an electrical signal. The 

internal sample cell of RAD-7 is a 0.7 dm3 (0.7 l) 

hemisphere, coated on the inside with an electrical 

conductor. A solid state, ion implanted, planar Silicon 

alpha detector is at the centre of the hemisphere. The high 

voltage power circuit charges the inside conductor to a 

potential of 2000–2500 V relative to the detector, 

creating an electric field throughout the volume of the 

cell. The electric field pushes the positive charges onto 

the detector. 

 

 

Working Principle of RAD7 

The schematic drawing of the detector can be seen in 

Figure 2, there are three main components: 

i. Air filter, that blocks the radon daughters out from 

the detector chamber, 

ii. Air pump that makes the air circulate across the pipe 

system, 

iii. Detector chamber, the main part of the detector, 

there is electrostatic field in the chamber that pushes 

the positive ions down onto the semiconductor 

detector, which is placed in this chamber. 

 
Figure 2: The Schematic Diagram of RAD7 and the 

principle operation of the Chamber 

 

Radon decay in the chamber produces positively charged 
218Po ions, which are driven by an electric field onto a 

semiconductor detector. The detector measures the 

energy of alpha particles, while beta particles pass 

through without fully depositing energy. Signals are 

processed and stored by the RAD7 microprocessor, 

forming an energy spectrum that identifies polonium 

isotopes from radon and thoron decay chains. Since 218Po 

has a short half-life (~3 minutes), its decay helps 

determine radon concentration using a differential 

equation (Yusuf et al., 2019). 
𝑑𝐶(𝑡)

𝑑𝑡
=  −𝜆𝐶(𝑡)    (1) 

𝑑𝐶𝑝𝑜(𝑡)

𝑑𝐶
 = 𝜆𝑝𝑜𝐶(𝑡) − 𝜆𝑝𝑜𝐶𝑝𝑜(𝑡)  (2) 

 

C (t): represents activity concentration of radon in the 

detector chamber, and λ its corresponding decay 

constant. Also 𝐶𝑝𝑜(𝑡) and 𝜆𝑝𝑜 denote the concentration 

and decay constant of polonium-218 respectively. 

When air is pumping into RAD7, there will be a time 

when the radon concentration in the surrounding 𝐶𝑂, will 

be equal to that of RAD7. 

Therefore equation 2, becomes, 

d 𝐶𝑃𝑜(t) dt = 𝜆𝑃𝑜𝐶𝑜 − 𝜆𝑃𝑜𝐶𝑃𝑜(t)  (3) 

By solving equation 3 and applying initial condition,  

   𝐶𝑃𝑜(t) = 𝐶0    (4) 

Activity concentration of Radon can be obtained from 

equation 4, which illustrates the theoretical operation of 

RAD7. 

 

Measurement of Terrestrial Gamma Radiation Dose 

(TGRD) Rates 

A total of 20 gamma dose rate was measured across the 

study area. Three set of readings were taken at each 

measuring location in order to minimize measurement 

error with the average of each set recorded for each 

location alongside its coordinates. The (TGRD) at each 

location was measuerd and recorded at a height of 1 m 

above the ground, using portable detector, Radiation alert 

(mR) meter, manufactured by Radiagem, 2000 Geiger-

Mueller counter. The device is designed for a wide range 

of applications including dose rate measurements in field 

conditions, in nuclear industry and for protection against 

radiological hazards by personnel in working 

environment. The longitute and latitute of each sample 

point were recorded using Global positioning system 

(GPS). The meter readings were in mili roentgen per 

hour, and the mean TGRD readings were converted to 

nGyh-1 using the recommended conversion factor of 1 µR 

h-1 to 8700 nGyh-1 



Indoor Radon Mapping and Assessment…      Muhammed et al., NJP 

62 

 NIGERIAN JOURNAL OF PHYSICS    NJP VOLUME 35(2)      njp.nipngr.org 

Data Analysis (Radiological Hazards Assessment) 

Various radiological hazards parameters like the annual 

effective dose due to indoor 222Rn concentration were 

calculated to assess the radiation risk to the public and 

analyze probable radiological hazards. 

 

Statistical Analysis 

The data obtained was analyzed using One-way analysis 

of variance (ANOVA). All the data will be computed as 

means ± standard deviation using statistical program 

SPSS 24.0 (Statistical Package for the Social Sciences). 

 

Mapping the Distribution of Indoor 222Rn  

The Surfer 12 software was used for mapping the 

distribution of indoor radon concentration in the study 

area, to extract the maps of the study area and select 

sampling points based on geological formations. The 

contour and 3D surface maps depicted locations that are 

likely prone to an increase concentration of   indoor 
222Rn. 

 

RESULTS AND DISCUSSION 

This section explains the results obtained in situ 

measurements of indoor radon concentration and 

terrestrial gamma radiation dose (TGDR) in 20 different 

locations across the study area, which widely cover all 

the geological formations. The gamma dose rate at each 

location was measured and recorded at a height 1 m from 

the ground, using Radiation alert inspector (mR/hr) 

survey meter, the readings obtained for gamma dose rate 

were used in computing the annual effective dose and 

lifetime cancer risk. The Surfer 10 software was 

employed for the geological mapping of the measured 

terrestrial gamma radiation dose (TGRD) in the study 

area. 

 

Indoor Radon Concentration 

The Indoor radon concentration of twenty different 

location of Kolmani oil field, Bauchi State Nigeria are 

presented in the Table 4.4. The data presents values for 

the indoor radon concentration, mean, and standard error. 

The activity concentration of the Indoor radon varies 

from 52.1 ± 1.92 Bq/m3 to 196.5 ± 4.41 Bq/m3   with a 

mean value of 126.5 ± 3.36 Bq/m3. Significant variability 

is observed in the measured data across different 

locations. The mean radon concentration is higher than 

the WHO recommended limits of 100 Bq/m3. The highest 

radon activity concentration is observed at the sampling 

location S9, that sample location is situated nearer to the 

kolmani oil field than all the other sampling locations. 

Radionuclide concentration decrease with distance due 

dilution with uncontaminated material and atmospheric 

deposition radioactive dust. 

 

Table 1: Indoor Radon Concentration, Annual Effective Dose (AED), Excess Lifetime Cancer Risk (ELCR) 

And Lung Cancer Cases per Year per Million Persons (LCC)  

Location 

code 
Longitude Latitude 

Indoor radon 

concentration 

(Bq/m3) 

Annual 

effective 

dose AED 

(mSv/y) 

Excess 

Lifetime 

Cancer Risk 

(ELCR) 

Lung cancer cases 

per year per 

million persons 

(LCC) 

S1 10o16’14’’N 10o19’48’’E 88.3 ± 2.91 1.92 8.7 x 10-3 43.13 

S2 10o16’20’’N 10o19’46’’E 157.6 ± 3.72 2.37 1.5 x 10-2 58.48 

S3 10o16’13’’N 10o19’50’’E 101.2 ± 3.13 2.01 1.2 x 10-2 49.06 

S4 10o16’11’’N 10o19’41’’E 142.9 ± 3.50 2.17 1.3 x 10-2 60.59 

S5 10o16’10’’N 10o19’33’’E 67.5 ± 2.01 1.57 7.5 x 10-3 36.20 

S6 10o16’19’’N 10o19’27’’E 176.8 ± 4.27 2.91 1.6 x 10-2 75.32 

S7 10o16’30’’N 10o19’39’’E 134.7 ± 3.64 2.13 1.4 x 10-2 56.75 

S8 10o16’35’’N 10o19’47’’E 109.3 ± 2.97 1.98 1.0 x 10-2 50.08 

S9 10o16’26’’N 10o20’00’’E 196.5 ± 4.41 3.12 2.0 x 10-2 96.39 

S10 10o16’34’’N 10o19’57’’E 110.8 ± 3.42 2.62 9.6 x 10-3 51.83 

S11 10o16’36’’N 10o20’12’’E 145.9 ± 3.86 2.20 1.5 x 10-2 58.71 

S12 10o16’31’’N 10o20’17’’E 117.6 ± 3.43 2.43 1.1 x 10-2 53.60 

S13 10o16’26’’N 10o20’20’’E 163.2 ± 3.70 3.09 1.8 x 10-2 67.52 

S14 10o16’20’’N 10o20’09’’E 138 ± 3.91 2.77 1.3 x 10-2 53.10 

S15 10o16’24’’N 10o20’06’’E 91.4 ± 2.85 2.48 9.1 x 10-3 48.94 

S16 10o16’18’’N 10o19’57’’E 129.5 ± 3.09 1.87 1.2 x 10-2 55.97 

S17 10o16’20’’N 10o19’55’’E 52.1 ± 1.92 1.45 6.3 x 10-3 31.56 

S18 10o16’07’’N 10o19’46’’E 173.3 ± 4.17 3.1 1.9 x 10-2 72.37 

S19 10o16’17’’N 10o19’36’’E 119.2 ± 3.26 1.87 1.0 x 10-2 54.46 

S20 10o16’59’’N 10o19’34’’E 114.2 ± 2.94 1.64 9.9 x 10-3 51.58 

Average   126.5 ± 3.36 2.29 1.2 x 10-2 56.28 
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The higher value of indoor radon of this study which 

could be attributed to the oil and gas exploration. 222Rn 

activity concentrations exhibit spatial variability due to 

differences in soil type, geology, topography and local 

meteorological conditions. 

 

Table 2: Mean Indoor Radon Concentration (Bq/M3) for this Study Compared to Other Countries of the World 

S/No Country Indoor radon concentration (Bq/m3) References 

2 Greek 135 (Clouvas et al., 2011) 

3 Iran 150 (Adelikhah et al., 2021) 

4 Korea 70.8 (Park et al., 2018) 

5 Pakistan 128 (Khan et al., 2012) 

6 Nigeria (Kolmani) 126.5 Present Study 
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Figure 3: Comparison of The Mean Indoor Radon Concentration (Bq/M3) Current 

Study with Previously Studied 

 

The study conducted in the Saudi Arabia, the findings 

suggest that relative humidity positively influences radon 

concentration, as increased moisture in the air reduces 

radon diffusion and traps it indoors (Yousef and Zimami, 

2019).  In another study, the higher indoor radon can be 

attributed to Uranium and thorium content in the 

underlying earth, along with radon diffusion through soil 

and rock openings (Mehra and Bala, 2014). The 

concentrations of indoor radon and thoron are directly 

linked to the activity of 226Ra and 232Th in building 

materials, and indirectly influenced by soil composition 

and local geophysical characteristics which facilitates 

radon entry into dwellings (Adelikhah et al., 2021).  

Table 2 and Figure 3 show the Comparison between the 

mean activity indoor radon of the present study and   

previous studies, the mean activity indoor radon of the 

present study is higher than one reported in Korea (Park 

et al., 2018), yet is comparably lower reported in Greek 

(Clouvas et al., 2011) and Iran (Adelikhah et al., 2021), 

showing consistency with findings from research 

conducted in Pakistan (Khan et al., 2012). 

 

 

 

Annual Effective Dose and Evaluation of Cancer Risk 

The Radiological parameters such as annual effective 

dose (AED) , Excess Lifetime Cancer Risk (ELCR) and 

lung cancer cases per year per million person (LCC) 

through Indoor radon exposure were computated  using 

equations 5, 6 and 7 respectively. 

AED (mSv/y) = 𝐶Rn ×F×T×O×DCF (5) 

In the equation 5, 𝐶Rn represents Indoor radon 

concentration (Bq/m3), F is the equilibrium factor 

between radon and its daughters (0.4), O stands for 

occupancy factor (0.8), T is the Number of hours in a year 

(8760 h/yr) and DCF is the dose conversion actor (9× 

10−6 mSv/hr per Bq/m3)(Ibrahim et al., 2023). The 

annual effective dose (AED) varies from 1.45 mSv/y to 

3.12 mSv/y with a mean value of 2.29 mSv/y as tabulated 

on Table 4.1, Our findings indicate an average annual 

effective dose that is higher than the worldwide average 

of 1.15 mSv/y set by (Annex and Radiation, 2000). The 

results is in agreement with that reported by (Yousef and 

Zimami, 2019) and (Mehra and Bala, 2014). 

The Excess Lifetime Cancer Risk is given by, 

ELCR = AED ×DL×RF   (6) 
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AED stands fo th the annual effective dose, DL is the 

average duration lifetime (70 years) and RF is the cancer 

risk factor (RF =0.05 Sv-1).  The Excess Lifetime Cancer 

Risk (ELCR) range from 6.3 x 10-3 to 2.0 x 10-2 with an 

average value of 1.2 x 10-2. 

Lung cancer cases per million people per year are 

calculated, based on a risk factor of 18 × 10−6 cases per 

million people per millisievert of radiation exposure. 

LCC = DL × 18 × 10−6    (7) 

Lung cancer cases per year per million person (LCC) 

through Indoor radon exposure was computated to varies 

from 31.56 per million to 96.39 per million with a mean 

value 56.28 per million. The average  (ELCR) and  (LCC) 

were 1.4×10-2 and 70.07 per million, respectively, falling 

below the recommended limit of 170-230 cases per 

million persons set by the International Commission on 

Radiological Protection (ICRP) (Tirmarche et al., 2010). 

 

Terrestrial Gamma Radiation Dose (TGRD) 

The gamma dose rates were measured in a unit of mR h-

1, the readings were then converted to nGy h-1 using 

conversion factor (1 mR h-1 = 8.7 x 103 nGy h-1). The 

mean values of gamma dose for 20 locations of the study 

are presented in table 4.3. The gamma dose rates ranged 

from 35.3 nGyh-1 to 93.1 nGyh-1 with a mean value of 

66.76 nGyh-1. The lowest gamma dose is found to be at 

sampling locations S17. The highest value was obtained 

at the sample point S9. 

 

Table 3: Gamma Dose Rate in Different Locations across the Study Area 

Location code  Gamma dose rate (nGy𝒉−𝟏) Annual effective dose AED (mSv/y) 

S1 45.6 0.84 

S2 80.4 2.08 

S3 62.7 1.23 

S4 71.5 1.72 

S5 39.1 0.80 

S6 85.3 2.25 

S7 69.5 1.81 

S8 49.2 1.16 

S9 93.1 2.37 

S10 63.7 1.40 

S11 74.7 1.93 

S12 67.3 1.65 

S13 87.8 2.18 

S14 70.2 1.69 

S15 47.3 0.93 

S16 66.6 1.57 

S17 35.3 0.72 

S18 89.6 2.26 

S19 68.9 1.61 

S20 67.3 1.59 

Average 66.76 1.59 

 

The mean of gamma radiation dose obtained from the 

study is higher than the average worldwide dose rate (59 

nGyh-1) (Sanusi et al., 2014). The mean value of gamma 

dose rate obtained from this studied was compared with 

the values obtained by other scholars from different 

nationalities as shown in the Table 4 and Figure 4,  

respectively. It can be clearly seen that the dose rate 

obtained in the present work is lower than that obtained 

in Malaysia (Ramli, 1997), Brazil (Anjos et al., 2011), 

Iran (Saghi et al., 2019) and Jordan (Alomari et al., 2019). 

 

Table 4: Mean Dose Rate for This Study Compared to Other Countries of the World 

S/No Country Gamma radiation dose rate (nGyh-1) References 

2 Brazil 125 (Ramli, 1997) 

3 Jordan 90 (Anjos et al., 2011) 

4 Iran 118 (Saghi et al., 2019) 

5 Malaysia 155 (Alomari et al., 2019). 

6 Nigeria (Kolmani) 66.76 Present Study 
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Figure 4: Comparison of the Mean Gamma Dose Current Study 

with Previously Studied 

 

The total annual effective dose equivalent 𝐴𝐸 due to 

gamma dose is found to be 1.59𝑚𝑆𝑣 𝑦−1.  The result is 

comparatively lower than the reported value of 1.64 

mSv/y by (Jwanbot et al., 2013) and 1.50 mSv/y by 

(Karahan and Bayulken, 2000), and also the is lower than 

the worldwide average of 2.4 mSv/y (Sanusi et al., 2014). 

 

Relationship between Indoor Radon Concentration 

and Gamma Dose Rate 

A statistical parameter known as correlation was 

employed to investigate the relationship between 

measured indoor radon concentration and gamma dose 

rate as shown in the figure 4.3, the correlation coefficient 

is found to be R =0.93 which show there is strong 

relationship between measured radon concentration in 

soil and the gamma dose rate. The strong positive 

ccorrelation coefficients indicate that the gamma dose 

rate can be a good indicator of the geogenic radon 

potential (Tchorz-Trzeciakiewicz and Rysiukiewicz, 

2021). 
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Figure 5: Relations between Measured Indoor Radon 

Concentration in Soil and Gamma Dose 

 

Indoor Radon Mapping 

The spatial distribution of indoor radon exposure rates is 

depicted in Figure 4.4, resulting from the integration of 

measurement data and geographic coordinates using 

Surfer 12 software for spatial analysis and mapping. 

Surfer 12 software facilitated the mapping of the study 

area and guided the selection of sampling points 

according to geological formation features. The contour 

maps depicted locations that are likely prone to an 

increase indoor radon exposure. 
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Figure 6: Contour Map for Indoor Radon of the Study Area 

 

The Barnet model (Barnet et al., 2008) was applied to 

categorize Indoor radon concentrations into three distinct 

index categories: low, medium, and high. Figure 4.4 

illustrates the spatial distribution of radon indices, 

categorizing regions into low (less than 30 kBq/m³), 

medium (30-100 kBq/m³), and high (exceeding 100 

kBq/m³) radon levels (Ajiboye et al., 2018). Based on the 

radon contour map plotted for the study area, the highest 

radon activity concentration is observed at the sampling 

location S9, which is represents by dark red on the 

countour map. Granite intracrustal rocks forms the 

primary geological foundation of the region. The the 

sampling location S17 has the lowest radon activity 

concentration which is represents by blue colour on the 

 

CONCLUSION  

The research aims to quantify indoor radon exposure and 

estimate the resultant lifetime cancer risk, enabling a 

comprehensive risk assessment. Indoor radon activity 

concentrations ranged from 52.1 ± 1.92 Bq/m3 to 196.5 ± 

4.41 Bq/m3 with a mean value of 126.5 ± 3.36 Bq/m3. 

Radon concentrations exceed WHO guidelines, with an 

average value higher than the recommended 100 Bq/m³. 

The calculated Effective Lung Cancer Risk (ELCR) and 

Lung Cancer Cases (LCC) were 1.2 x 10-2 and 56.28 per 

million, respectively, well below the ICRP's 

recommended threshold of 170-230 cases per million. 

The radiological assessment reveals that oil and gas 

exploration in the study area does not poses a significant 

health risk to the community from the radiation exposure. 

A visual representation of indoor Radon distribution and 

exposure rates was generated for the study area using 

Golden Surfer 12.  

A statistical parameter known as correlation was 

employed to investigate the relationship between 

measured indoor radon concentration and gamma dose 

rate , the correlation coefficient is found to be R =0.93 

which show there is strong relationship between 

measured radon concentration in soil and the gamma 

dose rate. The strong positive ccorrelation coefficients 

indicate that the gamma dose rate can be a good indicator 

of the geogenic radon potential 

However, prolonged exposure to even relatively low and 

moderate levels of radon increases the risk of developing 

lung cancer. The created radon map will facilitate 

proactive planning and decision-making for radon 

mitigation strategies. As enshrined in the WHO 

guidelines, the nigerian government should establish a 

national refrence level for radon concentration to as serve 

as public awareness about the health risk from its long-

term exposure. 
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