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ABSTRACT 

This study assesses the Background Ionizing Radiation (BIR) exposure dose rates at selected Basements 

and Excavation sites in Delta State, Nigeria. An in-situ measurement of outdoor exposure dose rates for 

10 locations was measured with the help of a well calibrated nuclear radiation meter (Digilert-200) and a 

geographical positioning system (GPS) for precise position measurement. The radiation meter was made 

to record the measured exposure rate in mRh-1.The exposure rates were used to evaluate the associated 

radiological risk parameters. The BIR exposure rate obtained for basement area ranges from 0.017 to 

0.022 mR/hr with mean value of 0.019±0.002 mR/hr, also for excavation sites ranges from 0.015 to 0.020 

mR/hr with mean value of 0.018±0.002 mR/hr. The calculated absorbed dose rate from basement ranges 

between 147.9 and 191.4 ηGy/hr with observed mean value of 167.04±16.73 ηGy/hr, also for excavation 

sites ranges between 130.5 and 165.3 ηGy/hr with observed mean value of 154.86±18.86 ηGy/hr. The 

calculated values of AEDE from basement range from 0.23 to 0.29 mSv/y with mean value of 0.24±0.02 

mSv/y and for excavation sites ranges from 0.20 to 0.27 mSv/y with mean value of 0.24±0.03 mSv/y. The 

calculated values for the ELCR from basement ranges from 0.80×10-3 to 1.03×10-3, also from excavation 

site values range from  0.70×10-3 to 0.93×10-3. From the results obtained the BIR exposure rate and the 

computed radiological risk parameters obtained for basements and excavation sites exceeded the 

recommended permissible limit. The study shows that the study area is radiologically contaminated as a 

result of the various industrial, excavation activities taking place. However, there is need for regular and 

periodic monitoring in the area by appropriate government agencies and radiation protection bodies to put 

a check to the radiation levels. 
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1.0 INTRODUCTION 

Radiation is energy in motion, manifested as waves or particle streams. Radiation has always been there 

and can be in different forms around (CNSC,2014).Ionizing radiations like alpha (α), beta (β), and gamma 

(γ), can knock electrons out of their orbit around atoms, disrupting the electron/proton equilibrium and 

potentially harming cells (CNSC,2014). 

Radiation has been found in everyday activities in many forms and intensities, and has been determined to 

be useful on one side and dangerous on the other. Cancer, cataracts, gene mutation, disintegration of 

bones and blood cells, and death are just a few of the negative consequences (Ogola et al., 2016). Local 

variables such as average concentrations of natural radionuclides in the ground and building materials, 

which affect external and internal radon exposure, have a significant impact on exposure to natural 

sources of ionizing radiation (Epstein et al., 2017).Because of the fatal consequences of ionizing 

radiation, it is common practice to monitor and assess exposure levels and limit ionizing radiation 
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exposure as low as reasonably achievable. Estimating ionizing radiation exposure is a major priority for 

regulatory agencies and radiation protection scientists, as well as for all of humanity. It is critical to 

understand  background radiation since it will aid in determining the likely source and effects on human 

(Sadiq and Agba, 2011). The normal background radiation level in the environment is 0.011 mR/hr and 

the background radiation dosage is assumed to be present everywhere (Andrew and Len, 1993). 

Human health is harmed by high radiation levels and doses. Ionizing radiation is a type of  high- energy  

particle with a strong high penetrating power. When such radiation passes through a biological cell, it 

induces excitation as well as ionization, causing the cell’s structure to change (Emelue et al., 2014). The 

practice of radiation protection has ensured that human exposure to radiation be kept to as low as 

reasonably achievable, called the ALARA principle (ICRP, 1973). Background ionizing radiation in 

towns and cities has been observed globally in recent literatures to be increasing, which many have 

attributed to geological formation of the environment, as  well as human and industrial activities in those 

towns (Foland et al.,1995; Jibiri et al., 1999; Farai and Jibiri, 2000; Akpabio et al., 2005; Agbalagba et al., 

2009; Rafique, 2013; Rafique et al., 2013, 2014; Ramli et al., 2014; Avwiri and Esi, 2015; Osimobi et al., 

2015; Azionu et al., 2019; Babatunde et al., 2019; Atipo et al., 2020). The objective of this study aimed to 

report BIR exposure levels  for some basement and excavation sites and using the results to calculate the 

radiological risk parameters and its impact on human and environment. 

2.0 Study Area 

The study areas are Warri and Asaba cites and their environs located in Delta State, South Southern 

Nigeria. Ten sampling points were carefully marked, five points for basements and the other five for the 

excavation sites. The selected basements in which the BIR measurements was taken were occupied by 

individuals, while the excavation sites is the point where earthwork, trenching, construction, tunneling 

,underground and site development are been carried out. 

 

3.0 MATERIALS AND METHODS 

An in-situ sampling and measurements was done with the help of a well calibrated digilert -200 nuclear 

radiation meter (S.E international, INC.).The radiation meter contains a Geiger-Muller detector tube 

capable of detecting alpha down to 2.5 MeV with 80% detection efficiency and can also detect beta at 150 

KeV with 75% detection efficiency. Digilert 200 is capable of detecting gamma and X-rays down to 10 

Kev through the window, 40 Kev minimum through the case within the temperature range of -10°c to 

50°c. The effective dose readings were taken in milliRoentgen per hour (mR/hr) directly from the display 

screen of the radiation meter. The results were then converted to micro-Sievert per hour (μSv/hr) and then 

finally converted to micro-Sievert per year (μSv/yr). A geographical position system (GPS) was used to 

take the precise positions of the sampling points. 

The exposure dose rates in (μR/h) obtained in the study areas were converted into absorbed dose rate 

(nGy/h) using the conversion factor (UNSCEAR,2000): 

1μR/h = 8.7nGy/h = 8.7x10-3 μGy/(1/8760)y = 76.212μGy/y                                                     (1) 

3.1 Estimate of the Radiation Risk Parameter 

The associated radiological risk parameters such as absorbed dose, annual effective dose equivalent 

(AEDE), excess lifetime cancer risk (ELCR) were estimated from the BIR exposure rate from the 

measured sampling points. 

3.2 Annual Effective Dose Equivalent (AEDE) 

The calculated absorbed dose rates were used to estimate the annual effective dose equivalent (AEDE) 

received by the occupants and workers in the studied areas, a  dose conversion factor of 0.7Sv/Gy with an 

occupancy factor of 0.2 for outdoor exposure as stipulated by UNSCEAR (2008). The annual effective 

dose equivalent is estimated using the equation: 

AEDE (outdoor) (mSv/y) = Absorbed dose rate 

(nGy/h) x 8760 h x 0.7 Sv/Gy x 0.2                                                                                  (2) 
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3.3 Excess Lifetime Cancer Risk (ELCR) 

The excess lifetime cancer risk was estimated from the study area using the equation (Muhammad et al., 

2013). 

ELCR = AEDE x Average duration of life (DL) x Risk Factor (RF)                               (3) 

Where AEDE, DL and RF represents the annual effective dose equivalent, duration of life (70yrs) 

and the risk factor (Sv-1) fatal risk per Sievert. For low dose background radiations which are considered 

to produce stochastic effects, ICRP 60 uses values of 0.05 for public exposure (Taskin et al.,2009). 

 

4.0 RESULTS 

The results for the BIR exposure dose rate, absorbed dose, AEDE, and ELCR for basements and 

excavation sites are presented in Tables 1 and 2. The comparisons of the mean BIR exposure rate for 

basement area and excavation sites with permissible limits are shown in Figures 1 and 2. 

 

Table 1: BIR exposure dose rate at Basements and associated radiological parameters 

 

Table 2: BIR exposure dose rate at Excavation Sites and associated radiological parameters 

S/N Sample Area Geographical      

Location 

Exposure rate(mR/hr) Absorbed dose 

nGy/hr 

AEDR 

mSv/y 

ELCR x 

10-3 Digilert 200  

Basement 

1 Agbarho 

 

N05057’6055” 

E05086’9950” 

0.019       165.3        0.25 0.89 

2 Wellington Hotel N05057’4831” 

E05079’1845” 

0.022       191.4        0.29 1.03 

3 Delta State Board of 

Internal Revenue 

N05052’9321” 

 E05073’7421” 

0.017       147.9        0.23 0.80 

4 Parking loot  N06019’9589” 

 E06069’9798” 

0.020       174        0.27 0.93 

5 Delta State University  N06020’9521” 

 E06071’3097” 

0.018 

 

      156.6        0.24 0.84 

Mean Value                                                                  0.019±0.002                                       167.04±16.73 0.24±0.02 0.90±0.09 

S/N Sample Area Geographical  

Location 

Exposure rate(mR/hr) Absorbed dose 

nGy/hr 

AEDR

mSv/y 

ELCR x 

10-3 Digilert 200 

Excavation Sites 

1 Toni-Kess Construction Company N06010’6189” 

E05080’2791” 

0.020 174 0.27 0.93 

2 CCC Construction Company kwale N05069’1690” 

E06043’3694” 

0.019 165.3 0.25 0.89 

3 CCC Construction Company Ibusa 

road 

N06001’3218” 

E06051’5372” 

0.015 130.5 0.20 0.70 

4 Niger Cat Construction Company N05063’5489” 

E05084’7631” 

0.016 139.2 0.21 0.75 

5 CECC Construction Company N06019’9589” 

E06069’9798” 

0.019 165.3 0.25 0.89 

Mean Value                                                                                   154.86±18.86 0.24±0.03 0.83±0.10 0.018±0.002 
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Figure 1: Comparison between the BIR exposure rate at basement with permissible limit 
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Figure 2: Comparison between the BIR exposure rates at excavation site with permissible limit 

 

5.0 DISCUSSION 

The BIR exposure rate obtained for basement area ranges from 0.017 to 0.022 mR/hr with mean value of 

0.019±0.002 mR/hr, also for excavation sites ranges from 0.015 to 0.020 mR/hr with mean value of 

0.018±0.002 mR/hr. The average exposure rate in the studied environment was higher than the 

recommended permissible limit of  0.013 mR/hr (ICRP, 2007; Osimobi et al., 2015; Agbalagba et al., 

2016). The result for basement, excavation sites exceeds the permissible BIR level for the general public. 

Poor ventilation, various industrial operations carried out in the various sampling locations, and their 

geophysical characteristics are all blamed for the variation and high exposure rate level. Petroleum 

products, chemicals and construction materials such as asphalt, granites, cement, among others, have been 

shown to contain radioactive elements (Agbalagba et al., 2016) that increase which BIR levels and are 

readily available at the sample locations. The high BIR levels found in basement and excavation sites are 

suggestive of a radiologically contaminated environment that is hazardous to residents and workers. The 

calculated absorbed dose rate from basement ranges between 147.9 and 191.4 ηGy/hr with observed mean 

value of 167.04±16.73 ηGy/hr, also for excavation sites ranges between 130.5 and 165.3 ηGy/hr with 

observed mean value of 154.86±18.86 ηGy/hr. These dose rates arising from BIR exposure in the studied 

locations significantly higher than the recorded world weighted average of 59.00 ηGy/hr (Agbalagba, 

2017; Monica et al., 2016) and recommended safe limit of 84.0 ηGy/hr (UNSCEAR, 2008; Ononugbo 

and Mgbemere, 2016) for outdoor exposure. These exposure rates indicate that the environment is 

polluted with radiation. Although the exposure rate at this level is unlikely to provide any immediate 

health risk to residents  and workers, there is the potential for long-term health hazards in the future due to 

accumulated doses. The mean dose rate is higher than 97.44±20.42, 97.44±12.17 ηGy/hr dose rates 

previously reported by Benson and Ugbede (2018) in populated motor parks environment of Enugu city 
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but lower than 141.30±31.31 ηGyh-1 for Warri city in Delta State, Nigeria reported by Agbalagba (2017) 

and 132.16±24.36 ηGyh-1 for  Ughelli metropolis in Delta State Nigeria by Agbalagba et al., (2016). The 

calculated values of AEDE range from 0.23 to 0.29 mSv/y with mean value of 0.24±0.02 mSv/y. This 

mean annual effective dose is higher than world average value of 0.07 mSvy-1 (ICRP, 2007; UNSCEAR, 

2008; Agbalagba, 2017) but within ICRP and UNSCEAR recommended permissible limits of 1.00 mSv/y 

for the general public (ICRP, 2007; UNSCEAR, 2008). This means that the studied locations are 

radiologically contaminated as a result of the industrial activities taking place in the area. The 

contamination, on the other hand, has no immediate radiological health consequences on residents and 

workers of the area. The calculated values for the ELCR from basement ranges from 0.80×10-3 to 

1.03×10-3, also from excavation site values range from  0.70×10-3 to 0.93×10-3. This mean value higher 

than the world average value of 0.29×10-3. This high value for excess lifetime cancer risk suggests that 

residents who spend their entire lives in the area are at risk of developing cancer. The ELCR values 

reported here are lower than those reported by Agbalagba (2017) in industrial areas of Warri Nigeria, as 

well as those reported by Avwiri et al. (2016) in the  Okposi Okwu Salt Lake and Uburu Salt Lake 

environments of Ebonyi State, Nigeria. 

 

6.0 CONCLUSION 

The radiological assessment of background ionizing radiation levels of selected basements and excavation 

sites in Delta State was carried out using a Digilert-200 Radiation Meter. From the results obtained the 

BIR exposure rate for basements and excavation sites exceeded the recommended permissible limit of 

0.013 mR/hr. As a result of the different industrial and excavation activities going place, the study region 

is radiologically contaminated, according to the findings. However, to keep the radiation level under 

control, authorized government organizations and radiation protection bodies must conduct regular check 

and periodic monitoring in the area. 
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