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ABSTRACT 

	[bookmark: _Hlk148222473][bookmark: _Hlk148222521][bookmark: _Hlk148222604][bookmark: _Hlk148222704]Measurement of background ionizing radiation of Tombia roundabout, Yenegoa, Bayelsa state was successfully carried out. This research was executed with the use of GQ GMC – 300E plus Geiger Muller counter nuclear Radiation meter to measure background ionizing radiation and Global Positioning System (GPS) to record the geographical coordinates of the sample location. The study location was divided into four (4) sub-locations linked with the Tombia roundabout and 30 sample points were randomly measured respectively. The exposure rate ranged from 0.011 mR/h to 0.13 mR/h with a mean value of 0.0118±0.0005 mR/h, which is quite lower than the acceptable limit of 0.0133 mR/h of ICRP, the absorbed dose ranged from 95.7 nGy/hr to 113.1 nGy/hr with a mean value of 102.2±4.16 nGy/hr, which is lesser than the world average of 89.0 nGy/hr (UNSCEAR). The Annual effective dose has varied from 0.15 mSv/y to 0.17 mSv/y with a mean value of 0.16±0.005 mSv/y, which is lower than the acceptable limit of 1.0 mSv/y(ICRP), and the excess lifetime cancer risk ranged from 0.51 to 0.61 with a mean value of 0.55±0.05 x10-³ which is quite higher than the world average of 0.29x10-³ (UNSCEAR). Even though there is no visible radiological health threat the chances of contracting the cancer-related illness is significant due to the value of ELCR. It is therefore recommended that the exposure to sources of ionizing radiation should be minimized, and the government should provide a waste management plan to protect the environment and the general populace.
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1. INTRODUCTION 

Radiation is everywhere and man is constantly exposed to all forms of environmental hazards. Radiation refers to the emitted energy that travels as electromagnetic waves. Radiation can be defined as the emission or transmission of energy in the form of waves or particles through space or a material medium (Agbalagba, 2017).  The electromagnetic radiation has only two categories if radiation which are the Ionizing and Non -Ionizing radiation. The ionizing radiation has sufficient energy to ionize matter or the ability to knocks off electrons from the interacting matter.
People are exposed to natural and artificial radiation on daily basis from divers sources (Nwanne et al., 2021). The radioisotopes found in the soils are transferred to the surface of the soil through human activities like mining, cultivation of the soil and consequently radiating ionizing radiation to the environment. It is obvious that radionuclides found in the surface of soils could also be transferred to the soil through infiltration process thus changing the chemical and physical processes of the soil (Essien et al., 2017).
It has been established from various studies that these natural occurring radioactive materials are present in building materials such as, stones, sand, gravel, cement, concrete, brick, tiles, wood, gypsum, granites, clay soils, and sediments (Alharbi et al., 2011; Akhtar et al., 2005). Ionizing radiation has been increasingly applied in medicine and   is   now firmly established as   an essential tool for diagnosis and therapy. The overwhelming benefits accruing to patients from properly conducted procedures have fostered the widespread practice of medical radiology, with the result that medical radiation exposures have become an   important   component   of   the   total   radiation exposure of populations. In most developed countries with an advanced health care system, medical exposures are now the most important single source of ionizing radiation (UNSCEAR, 2000).
These sources include; Research Laboratories, Medical laboratories, Cement and Mining industries, Fertilizer Industries, Tobacco, Petroleum industries, Telecommunication and power lines and, untreated wastes in form of effluents.  The International Commission of Radiological Protection (ICRP) has recommended an acceptable limit of 1.0 mSv/y for public exposure. Once this limit has been exceeded the safe limit of 1.0 mSv/y, the populace will not be safe and the chances of contracting radiological health risks such as erythema, breast cancer, skin cancer, genetic effects, brain tumor, sterility, will be highly significant (Esi, et al., 2014; Ononugbo et al., 2016; Ononugbo et al., 2015).  
Bamidele and Olatuuji (2004) carried out a wok on the assessment of the radiation level of refuse dumpsites in Osogbo, Osun state, Southwestern Nigeria using a digilert 200 radiation Geiger Muller counter. The absorbed dose rate in air obtained rate from 28.80nGy/h to 35.30nGy/h the mean annual effective dose of 38.01µSv/h. The result of their findings shows that the mean effective dose obtained from the study was lesser than the world average of 70.0µSv/h specified by the United Nations science committee on the effect of atomic radiation.
Esi et al. in 2014 did a study on the assessment of background ionization radiation of oil spillage site at Obodo creek in Gokana L.G.A of rivers state, Nigeria. An in-situ measurement was done using a well-calibrated nuclear radiation meter (Radalert100) and a geographical positioning system (GPS). The mean background ionization radiation values obtained from the East, West, North and South cardinal direction of the sampled location were 0.164 ± 0.04mR/hr, 0.164 ± 0.04mR/hr, 0.171 ± 0.06mR/hr and 0.155 ± 0.04mR/hr respectively and the Annual equivalent dose rate value are 1.3287 ± 0.002µSv/y, 1.2278 ± 0.001µSv/y, 1.4380 ± 0.002µSv/y and 1.3035 ± 0.002µSv/y. The result of their findings shows that both radiation AED rate levels obtained are higher than the normal world average background ionization radiation of 0.13µSv and 1.0mSv/y respectively by the internal commission on radiological protection (ICRP).
Nwokeoji and Avwriri (2017) carried out work on the radiological risk estimates due to background exposures in selected hospitals in South-East Nigeria using two radiation meters Radalert100 and digilert200. The average indoor and outdoor exposure rates and 0.014 ± 0.03µSv/h while that for federal medical center Owerri were 0.12 ± 0.02µSv/h and 0.13 ± 0.02µSv/h. The values show that the exposure rate for federal medical Centre (FMC) Owerri are 106.7 and 104.7nGy/h respectively while the average indoor and outdoor absorbed doses for federal medical Centre (FMC) Umuahia are 120.1 and 116.8nGy/h respectively. These values exceeded the world average of 8.9nGy/h. The result of their finding shows that the amount of effective dose levels for the hospitals both indoor and outdoor was all below the 1mSv/y maximum permissible limit for the public set by the international commission on radiological protection.  

2. materials and methods 

2.1 Study Area
Tombia roundabout is one of the Major roundabouts located in the city of Yenagoa, the State capital of Bayelsa State, Nigeria. The study location is a hub to fishing activities, with smaller industries including farming, speed boat transportation, and commercial commerce as well as oil and gas firms. The study area lies within latitude: 4°57'2.77"N to 4°57'23.11"N and longitude range of 6°21'10.89"E to 6°21'46.47"E. Yenagoa is bounded to the north by Kolokuma/Opokuma and Sagbama, to the east by Abual/Odual of Rivers State, to the south by Ogbia and to the west by Southern Ijaw L.G.A. respectively. The study area and the various sample location  of Tombia roundabout of the four link road; Tombia-Igbogene Isaac Adaka Boro express road, Tombia to Imiringi Road, Tombia to Etegwe mbiama yenegoa road, and Tobia to Isaac Adaka Boro express road  its environs are displayed in Figure 1.
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Figure 1. Map of the study area showing the sample locations

2.2 Materials
A GQ GMC – 300E plus Geiger Muller counter nuclear Radiation meter containing a Geiger Muller tube capable of ionizing radiation within the temperature range of -10oC to 50oC was used to measure the exposure level in the field and a Global Positioning System to record the geographical coordinates of the sample locations. 
2.3 Sampling Method
Thirty (30) measurements were taken randomly within the four roads that connects with Tombia roundabout, at each sampling point three (3) readings were carried out then average to a single value. The measurement was taken from 9.00hr to 15.00hr based on the fact that the meter has a maximum response to environmental radiation within these hours. The detector was switched on measure the exposure rate radiation for a few seconds and the highest stable point was recorded (Essien et al., 2017). 
2.4 Analysis of Data
The statistical package for social science (SPSS) will be used to compute the mean of the radiological parameters and the plotted bar charts and contour map will be generated using Microsoft word and Golden Surfer 21 Software.
2.5.1	Absorbed dose 
Absorbed dose is the fundamental radiation quantity that describes energy deposition by ionizing radiation in an absorbing medium. It can also be defined as energy imparted per unit mass.
1 μR/h = 8.7 nGy/h =8.7 x 10 -3μGy/(1/8760)yr = 76.212μGy/y                                         (1)

2.5.2   Annual Effective Dose (AED)
Measures the average sum of the equivalent doses in all specified tissues and organs of the human body and represents the probability of radiological health risk to the entire body, which results from low levels of ionising radiation. The annual effective dose is obtained by multiplying equation 3.1 by the conversion factor of 0.7 (Essien et al., 2017)
      AEDE (mSv/y) = Absorbed dose rate (nGy/h) × 8760h ×0.7Sv/Gy × 0.25                (2)                                   
         0.7Sv/Gy and occupancy factor for outdoor of 0.25 (6/24) was used. 

2.5.3 Excess Lifetime Cancer Risk
The excess lifetime cancer risk (ELCR) describes the potential Carcinogenic effects, from the calculation based on the probability of cancer-induced incidence in a population. This is as a result of exposure to ionizing radiation or the intake of harmful chemical substances for a lifetime. In other words, the ELCR indicates the chances of contracting cancer from exposure to radiation or toxic chemical substances for a specific period. Even for low-dose background radiations which are considered to produce stochastic effects, ICRP 60 uses the value of 0.05 for public exposure. The excess lifetime risk is calculated using equation 3.
ECLR= AED x DL x RF                                                                  (3)
Where:
AED = Annual Effective Dose
DL = Average Duration of Life (estimated to be 70 years)
RF = Risk Factor (0.05)

3. results and discussion

The result of the exposure rate of the background ionization radiation of the four axis of Tombia roundabout is Tabulated in Table 1. to 4. The contour map of the exposure rate is displayed in Figure 1 to 4. The computed radiological parameters of the four axis of Tombia

Table 1. In situ measurements of exposure rate of Tombia roundabout to Igbogene Isaac Adaka Boro express road and its environs.
	S/N
	Geographical Coordinate
	1st Reading
(mR/h)
	2nd Reading
(mR/h)
	3rd Reading
(mR/h)
	Ave. BIR

	CODE
	Latitude
	Longitude
	
	
	
	 (mR/h)

	IGRABT-1
	4°57'15.02"
	6°21'32.61"
	0.013
	0.009
	0.011
	0.011

	IGRABT-2
	4°57'14.59"
	6°21'32.02"
	0.016
	0.010
	0.011
	0.012

	IGRABT-3
	4°57'15.76"
	6°21'31.99"
	0.012
	0.011
	0.011
	0.011

	IGRABT-4
	4°57'16.56"
	6°21'31.16"
	0.013
	0.010
	0.012
	0.012

	IGRABT-5
	4°57'17.54"
	6°21'31.76"
	0.016
	0.010
	0.010
	0.012

	IGRABT-6
	4°57'15.62"
	6°21'33.15"
	0.012
	0.013
	0.011
	0.012

	IGRABT-7
	4°57'16.48"
	6°21'33.14"
	0.010
	0.009
	0.010
	0.010

	IGRABT-8
	4°57'14.16"
	6°21'32.30"
	0.013
	0.012
	0.014
	0.013

	IGRABT-9
	4°57'14.74"
	6°21'33.36"
	0.016
	0.012
	0.014
	0.014

	IGRABT-10
	4°57'17.19"
	6°21'32.28"
	0.018
	0.020
	0.016
	0.018

	IGRABT-11
	4°57'14.38"
	6°21'32.89"
	0.012
	0.014
	0.011
	0.012

	IGRABT-12
	4°57'16.35"
	6°21'34.01"
	0.007
	0.008
	0.012
	0.009

	IGRABT-13
	4°57'18.01"
	6°21'32.82"
	0.013
	0.012
	0.010
	0.012

	IGRABT-14
	4°57'17.00"
	6°21'34.92"
	0.010
	0.009
	0.011
	0.010

	IGRABT-15
	4°57'17.14"
	6°21'33.79"
	0.012
	0.011
	0.012
	0.012

	IGRABT-16
	4°57'18.33"
	6°21'33.79"
	0.016
	0.014
	0.016
	0.015

	IGRABT-17
	4°57'18.39"
	6°21'34.71"
	0.011
	0.010
	0.009
	0.010

	IGRABT-18
	4°57'16.71"
	6°21'35.18"
	0.009
	0.007
	0.010
	0.009

	IGRABT-19
	4°57'17.75"
	6°21'34.99"
	0.011
	0.013
	0.010
	0.011

	IGRABT-20
	4°57'17.47"
	6°21'34.58"
	0.012
	0.009
	0.011
	0.011

	IGRABT-21
	4°57'18.86"
	6°21'35.10"
	0.011
	0.013
	0.011
	0.012

	IGRABT-22
	4°57'18.24"
	6°21'35.31"
	0.012
	0.008
	0.010
	0.010

	IGRABT-23
	4°57'17.74"
	6°21'35.73"
	0.010
	0.009
	0.008
	0.009

	IGRABT-24
	4°57'18.33"
	6°21'35.95"
	0.011
	0.010
	0.009
	0.010

	IGRABT-25
	4°57'19.16"
	6°21'35.55"
	0.008
	0.009
	0.010
	0.009

	IGRABT-26
	4°57'15.06"
	6°21'31.63"
	0.011
	0.010
	0.010
	0.010

	IGRABT-27
	4°57'14.48"
	6°21'31.43"
	0.007
	0.012
	0.011
	0.010

	IGRABT-28
	4°57'14.13"
	6°21'31.28"
	0.010
	0.009
	0.010
	0.010

	IGRABT-29
	4°57'13.94"
	6°21'30.77"
	0.012
	0.011
	0.009
	0.011

	IGRABT-30
	4°57'16.01"
	6°21'31.45"
	0.010
	0.013
	0.012
	0.012

	
	
	
	Average BIR
	0.011





Table 2. In situ measurements of exposure rate of Tombia roundabout to Imiringi Road and its environs.
	S/N
	Geographical Coordinate
	1st Reading
(mR/h)
	2nd Reading
(mR/h)
	3rd Reading
(mR/h)
	Ave. BIR

	CODE
	Latitude
	Longitude
	
	
	
	(mR/h)

	IMIRABT-1
	4°57'12.90"
	6°21'29.69"
	0.012
	0.016
	0.011
	0.013

	IMIRABT-2
	4°57'12.85"
	6°21'30.16"
	0.014
	0.012
	0.012
	0.012

	IMIRABT-3
	4°57'12.67"
	6°21'30.44"
	0.007
	0.011
	0.011
	0.010

	IMIRABT-4
	4°57'11.70"
	6°21'30.34"
	0.011
	0.009
	0.012
	0.011

	IMIRABT-5
	4°57'11.82"
	6°21'30.32"
	0.016
	0.015
	0.012
	0.013

	IMIRABT-6
	4°57'12.38"
	6°21'30.59"
	0.012
	0.012
	0.012
	0.012

	IMIRABT-7
	4°57'12.41"
	6°21'30.14"
	0.009
	0.008
	0.010
	0.009

	IMIRABT-8
	4°57'12.50"
	6°21'29.78"
	0.011
	0.012
	0.013
	0.012

	IMIRABT-9
	4°57'12.04"
	6°21'29.71"
	0.016
	0.012
	0.014
	0.013

	IMIRABT-10
	4°57'11.46"
	6°21'30.21"
	0.022
	0.020
	0.018
	0.020

	IMIRABT-11
	4°57'11.75"
	6°21'29.74"
	0.010
	0.011
	0.012
	0.011

	IMIRABT-12
	4°57'11.28"
	6°21'29.82"
	0.012
	0.008
	0.009
	0.011

	IMIRABT-13
	4°57'11.26"
	6°21'30.41"
	0.011
	0.012
	0.012
	0.011

	IMIRABT-14
	4°57'10.97"
	6°21'30.37"
	0.010
	0.012
	0.010
	0.011

	IMIRABT-15
	4°57'10.98"
	6°21'30.13"
	0.009
	0.010
	0.012
	0.010

	IMIRABT-16
	4°57'11.02"
	6°21'29.67"
	0.018
	0.014
	0.015
	0.015

	IMIRABT-17
	4°57'10.98"
	6°21'30.13"
	0.011
	0.011
	0.010
	0.013

	IMIRABT-18
	4°57'10.76"
	6°21'30.65"
	0.009
	0.007
	0.009
	0.009

	IMIRABT-19
	4°57'10.76"
	6°21'30.90"
	0.010
	0.011
	0.011
	0.010

	IMIRABT-20
	4°57'10.26"
	6°21'30.90"
	0.012
	0.009
	0.011
	0.011

	IMIRABT-21
	4°57'9.89"
	6°21'30.71"
	0.010
	0.011
	0.012
	0.010

	IMIRABT-22
	4°57'10.40"
	6°21'30.50"
	0.012
	0.014
	0.010
	0.012

	IMIRABT-23
	4°57'9.73"
	6°21'30.53"
	0.009
	0.009
	0.009
	0.010

	IMIRABT-24
	4°57'9.80"
	6°21'30.27"
	0.011
	0.010
	0.010
	0.010

	IMIRABT-25
	4°57'10.01"
	6°21'29.72"
	0.008
	0.009
	0.009
	0.009

	IMIRABT-26
	4°57'9.46"
	6°21'30.12"
	0.011
	0.010
	0.010
	0.010

	IMIRABT-27
	4°57'9.16"
	6°21'30.05"
	0.012
	0.013
	0.010
	0.013

	IMIRABT-28
	4°57'8.80"
	6°21'29.98"
	0.014
	0.012
	0.010
	0.013

	IMIRABT-29
	4°57'8.81"
	6°21'29.78"
	0.013
	0.014
	0.011
	0.013

	IMIRABT-30
	4°57'8.94"
	6°21'29.58"
	0.014
	0.012
	0.012
	0.014

	
	
	
	Average BIR
	0.012





Table 3. In situ measurements of exposure rate of Tombia roundabout to Isaac Adaka Boro Express Road and its environs.
	S/N
	Geographical Coordinate
	1st Reading
(mR/h)
	2nd Reading
(mR/h)
	3rd Reading
(mR/h)
	Ave. BIR

	CODE
	Latitude
	Longitude
	
	
	
	  (mR/h)

	IARABT-1
	4°57'13.47"
	6°21'28.63"
	0.014
	0.016
	0.011
	0.013

	IARABT-2
	4°57'12.99"
	6°21'28.77"
	0.016
	0.014
	0.012
	0.012

	IARABT-3
	4°57'12.69"
	6°21'28.26"
	0.008
	0.001
	0.011
	0.010

	IARABT-4
	4°57'13.02"
	6°21'27.76"
	0.011
	0.009
	0.012
	0.011

	IARABT-5
	4°57'12.79"
	6°21'27.31"
	0.016
	0.014
	0.008
	0.013

	IARABT-6
	4°57'12.28"
	6°21'27.84"
	0.012
	0.012
	0.011
	0.012

	IARABT-7
	4°57'12.63"
	6°21'26.74"
	0.018
	0.013
	0.015
	0.009

	IARABT-8
	4°57'11.56"
	6°21'27.33"
	0.016
	0.012
	0.014
	0.012

	IARABT-9
	4°57'11.93"
	6°21'27.66"
	0.014
	0.010
	0.012
	0.013

	IARABT-10
	4°57'12.30"
	6°21'26.42"
	0.010
	0.012
	0.011
	0.020

	IARABT-11
	4°57'11.45"
	6°21'26.82"
	0.007
	0.011
	0.010
	0.011

	IARABT-12
	4°57'12.30"
	6°21'26.00"
	0.010
	0.011
	0.009
	0.011

	IARABT-13
	4°57'11.42"
	6°21'26.43"
	0.011
	0.012
	0.009
	0.011

	IARABT-14
	4°57'11.59"
	6°21'25.16"
	0.014
	0.016
	0.018
	0.011

	IARABT-15
	4°57'11.89"
	6°21'25.68"
	0.016
	0.200
	0.012
	0.010

	IARABT-16
	4°57'11.17"
	6°21'25.95"
	0.018
	0.014
	0.012
	0.015

	IARABT-17
	4°57'11.36"
	6°21'26.25"
	0.011
	0.016
	0.001
	0.013

	IARABT-18
	4°57'10.98"
	6°21'25.62"
	0.009
	0.008
	0.011
	0.009

	IARABT-19
	4°57'11.78"
	6°21'24.65"
	0.010
	0.011
	0.009
	0.010

	IARABT-20
	4°57'11.45"
	6°21'24.41"
	0.012
	0.010
	0.013
	0.011

	IARABT-21
	4°57'11.31"
	6°21'23.85"
	0.011
	0.013
	0.012
	0.010

	IARABT-22
	4°57'11.03"
	6°21'23.57"
	0.012
	0.009
	0.011
	0.012

	IARABT-23
	4°57'11.05"
	6°21'23.20"
	0.011
	0.010
	0.011
	0.010

	IARABT-24
	4°57'10.74"
	6°21'25.30"
	0.010
	0.013
	0.002
	0.010

	IARABT-25
	4°57'10.10"
	6°21'24.58"
	0.009
	0.009
	0.010
	0.009

	IARABT-26
	4°57'10.39"
	6°21'24.03
	0.011
	0.010
	0.011
	0.010

	IARABT-27
	4°57'9.55"
	6°21'22.49"
	0.010
	0.012
	0.011
	0.013

	IARABT-28
	4°57'10.35"
	6°21'21.91"
	0.010
	0.009
	0.012
	0.013

	IARABT-29
	4°57'10.16"
	6°21'21.55"
	0.010
	0.011
	0.009
	0.013

	IARABT-30
	4°57'9.36"
	6°21'21.99"
	0.012
	0.013
	0.013
	0.014

	
	
	
	Average BIR
	0.013









Table 4. In situ measurements of exposure rate of Tombia roundabout to Etegwe Mbiama-Yenegoa Road and its environs.
	S/N
	Geographical Coordinate
	1st Reading
(mR/h)
	2nd Reading
(mR/h)
	3rd Reading
(mR/h)
	Ave. BIR

	CODE
	Latitude
	Longitude
	
	
	
	(mR/h)

	IMYRABT-1
	4°57'14.82"
	6°21'26.30"
	0.010
	0.009
	0.008
	0.009

	IMYRABT-2
	4°57'14.04"
	6°21'25.83"
	0.011
	0.009
	0.010
	0.010

	IMYRABT-3
	4°57'15.04"
	6°21'24.72"
	0.007
	0.011
	0.010
	0.009

	IMYRABT-4
	4°57'19.15"
	6°21'25.42"
	0.010
	0.009
	0.010
	0.010

	IMYRABT-5
	4°57'20.07"
	6°21'25.48"
	0.013
	0.012
	0.008
	0.011

	IMYRABT-6
	4°57'20.21"
	6°21'24.45"
	0.010
	0.012
	0.011
	0.011

	IMYRABT-7
	4°57'20.66"
	6°21'25.30"
	0.010
	0.011
	0.010
	0.010

	IMYRABT-8
	4°57'19.47"
	6°21'24.22"
	0.012
	0.010
	0.009
	0.010

	IMYRABT-9
	4°57'14.13"
	6°21'24.69"
	0.010
	0.012
	0.014
	0.012

	IMYRABT-10
	4°57'13.80"
	6°21'24.69"
	0.007
	0.010
	0.012
	0.010

	IMYRABT-11
	4°57'15.51"
	6°21'24.89"
	0.011
	0.010
	0.014
	0.012

	IMYRABT-12
	4°57'13.57"
	6°21'23.40"
	0.012
	0.010
	0.011
	0.011

	IMYRABT-13
	4°57'14.26"
	6°21'22.83"
	0.014
	0.012
	0.016
	0.014

	IMYRABT-14
	4°57'13.60"
	6°21'22.72"
	0.011
	0.008
	0.007
	0.009

	IMYRABT-15
	4°57'14.14"
	6°21'21.96"
	0.022
	0.018
	0.017
	0.019

	IMYRABT-16
	4°57'13.49"
	6°21'22.01"
	0.012
	0.009
	0.011
	0.011

	IMYRABT-17
	4°57'14.01"
	6°21'21.19"
	0.007
	0.008
	0.010
	0.008

	IMYRABT-18
	4°57'13.27"
	6°21'21.45"
	0.018
	0.014
	0.016
	0.016

	IMYRABT-19
	4°57'13.48"
	6°21'20.65"
	0.010
	0.011
	0.009
	0.010

	IMYRABT-20
	4°57'14.00"
	6°21'20.04"
	0.009
	0.007
	0.012
	0.009

	IMYRABT-21
	4°57'13.18"
	6°21'20.06"
	0.013
	0.010
	0.011
	0.011

	IMYRABT-22
	4°57'13.45"
	6°21'18.94"
	0.012
	0.008
	0.012
	0.011

	IMYRABT-23
	4°57'14.13"
	6°21'19.22"
	0.010
	0.009
	0.012
	0.010

	IMYRABT-24
	4°57'13.45"
	6°21'18.94"
	0.011
	0.010
	0.009
	0.010

	IMYRABT-25
	4°57'12.77"
	6°21'19.82"
	0.010
	0.009
	0.010
	0.010

	IMYRABT-26
	4°57'14.12"
	6°21'18.62"
	0.011
	0.010
	0.011
	0.011

	IMYRABT-27
	4°57'13.51"
	6°21'17.77"
	0.008
	0.012
	0.011
	0.010

	IMYRABT-28
	4°57'14.06"
	6°21'18.07"
	0.011
	0.009
	0.010
	0.010

	IMYRABT-29
	4°57'13.51"
	6°21'17.77"
	0.012
	0.011
	0.001
	0.008

	IMYRABT-30
	4°57'14.30"
	6°21'17.43"
	0.014
	0.013
	0.016
	0.014

	
	
	
	Average BIR
	0.011
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	Figure 2. Contour map of the background radiation of the Tombia roundabout to Igbogene Isaac Adaka Boro express road and its environs.
	Figure 3. Contour map of the background radiation of the Tombia roundabout to Isaac Adaka Boro Express Road and its environs.
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	Figure 4. Contour map of the background radiation of the Tombia roundabout to Imiringi Road and its environs.
	Figure 5. Contour map of the background radiation of the Tombia roundabout to Mbiama-Yenegoa road and its environs.


















	
Table 5. Radiological Parameters of Tombia Roundabout


	[bookmark: _Hlk148220983]Location
	Average Radiation level 
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	IGRABT
	0.011
	95.7
	0.15
	0.51

	IMIRABT
	0.012
	104.4
	0.16
	0.56

	IARABT
	0.013
	113.1
	0.17
	0.61

	IMYRABT
	0.011
	95.7
	0.15
	0.51

	Mean
	0.0118±0.0005
	102.2±4.16
	0.16±0.005
	0.55±0.0

	Acceptable limit
	0.013
	59.0
	1.0
	0.29



































Figure 6. Comparison of exposure rate with world average., UNSCEAR, 2000


















Figure 7. Comparison of absorbed dose with world average., UNSCEAR, 2000





















Figure 8. Comparison of annual effective dose with world average., ICRP, 2000





















Figure 9. Comparison of ELCR with world average value., UNSCEAR, 2000


Table 6. Comparison of average natural radioactivity levels in air with other authors
	Location
	Absorbed Dose
 (Gy/h)
	Annual Effective Dose Equivalent AEDE (mSv/y)
	Excess Lifetime Cancer Risk 
(ELCR 10-3)
	Reference

	Akwanga  Nigeria
	203.00
	111.9
	       -
	Abubakar et al. (2017)

	Ebonyi, Nigeria
	142.68
	0.145
	0.612
	Ugbede and Benson (2018)

	Rivers State, Nigeria 
	84.00
	1.154
	0.484
	Ononugbo et al. (2020)

	Jos, Nigeria
	-
	2.094
	0.48
	Jwanbot et al. (2020)

	This work
	102.2
	0.16
	0.55
	




roundabout is presented in Table 1. to 5. The values of the exposure rate, absorbed dose, Annual effective dose, and Excess lifetime Cancer Risk are presented in Figures 5- 8. The in-situ measurement of the exposure rate as well as the geographical coordinates are presented in Table 4.1 to 4.4. The contour map of the four axis of Tombia roundabout and their spatial distribution of the exposure rate is shown in Figure 2. to 5. Showing areas of high and low of ionizing exposure rates. Table 6. summarized the computed radiological parameters within Tombia roundabout. The exposure rate ranged from 0.011 mR/h to 0.013 mR/h with a mean value of 0.0118±0.0005 mR/h, which is quite lower than the acceptable limit of 0.013 mR/h by ICRP. The results of this work is similar with the study carried out by Nwokeoji and Avwriri (2017) to estimate the radiological risk estimates due to background exposures in selected hospitals in South-East rejoin of Nigeria.
 The absorbed dose ranged from 95.7 nGy/hr to 104.4 nGy/hr with a mean value of 102.2±4.16 nGy/hr, which is quite higher than the world average of 89.0 nGy/hr (UNSCEAR). The results of the research are in harmony with the research carried out to estimate the outdoor background gamma radiation levels in rural Environments of Enugu East, Nigeria by Ugbede, and Mokobia, (2019).
The Annual effective dose has a varied from 0.15 to 0.17 with a mean value of 0.16±0.005 mSv/y. This value is within the acceptable limit of 1.0 mSv/y(ICRP), this result is in conformity with the research work carried out by Anyalebechi et al.(2021), to determine the excess lifetime cancer risk from gamma radiation exposure rate in two tertiary institutions in Bayelsa State.
The excess lifetime cancer risk ranged from 0.51 to 0.61 with a mean value of 0.55±0.05 x10-³ which is quite higher than the world average of 0.29x10-³. Out outcome of this result is similar with the research carried out Ononugbo et al., (2015) of estimation of indoor and outdoor effective doses from gamma dose rates of residential buildings in Emelogu village in Rivers State,
The radiological parameters of this research work in terms of the exposure rates, absorbed dose annual effective dose and Excess lifetime cancer risk in in conformity with other works carried out by other researches as tabulated in Table 6. 


4. Conclusion

The level of the exposure rate is within the safe limit of ICRP as well as the annual effective dose, even though there is no visible radiological health threat at the moment, the chances of contracting the cancer-related illness are significant base on the fact that the value of the ELCR exceeded the world average. Based on this research work it is highly recommended that made exposure to sources of ionizing radiation should be minimized, the government should have a control structure for waste management to prevent environmental pollution and exposure sources of radiation to the general public.
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Exposure Rate	IGRABT	IMIRABT	IARABT	IMYRABT	1.0999999999999999E-2	1.2E-2	1.2999999999999999E-2	1.0999999999999999E-2	UNSCEAR Standard	IGRABT	IMIRABT	IARABT	IMYRABT	1.3299999999999999E-2	1.3299999999999999E-2	1.3299999999999999E-2	1.3299999999999999E-2	



Absorbed Dose	IGRABT	IMIRABT	IARABT	IMYRABT	95.7	104.4	113.1	95.7	UNSCEAR Standard	IGRABT	IMIRABT	IARABT	IMYRABT	89	89	89	89	



AEDR	IGRABT	IMIRABT	IARABT	IMYRABT	0.15	0.16	0.17	0.15	ICRP Standard	IGRABT	IMIRABT	IARABT	IMYRABT	1	1	1	1	



ELCR	IGRABT	IMIRABT	IARABT	IMYRABT	0.51	0.56000000000000005	0.61	0.51	World Average	IGRABT	IMIRABT	IARABT	IMYRABT	0.28999999999999998	0.28999999999999998	0.28999999999999998	0.28999999999999998	
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