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ABSTRACT 

	An In-situ measurement of background ionizing radiation was carried out using a well calibrated GMC – 30E-Plus Nuclear radiation meter, Geiger Muller Counter and Geographical positioning system (GPS) to record the geographical coordinates. For the Ikoku mechanic the exposure rate ranged from 0.002± 0.001 to 0.015±0.02 with a mean value of 0.011±0.03, the absorbed dose ranged from 17.4(nGy/h) to 130.5(nGy/h) with an overall mean of 94.17± 22.71(nGy/h), the AEDE range from 0.03(mSv/y) to 0.2(mSv/y) with an overall mean of 0.14±0.04(mSv/y) and the ELCR ranged from 0.09x10ˉ³ to 0.70x10ˉ³ with an overall mean of 0.51x10ˉ³. For the mile3 mechanic village the exposure rate ranged from 0.002± 0.002 to 0.005±0.02 with an overall mean value of 0.008±0.03, the absorbed dose ranged from 78.3(nGy/h) to 95.7(nGy/h) with an overall mean of 85.21± 23.05(nGy/h), the AEDE range from 0.12(mSv/y) to 0.15(mSv/y) with an overall mean of 0.13±0.04(mSv/y) and the ELCR ranged from 0.42x10ˉ³ to 0.51x10ˉ³ with an overall mean of 0.46x10ˉ³. Radiological examination reveals that the probability of developing radiological health related issues is eminent after a lifetime of exposure in the locations under study, although these locations do not pose immediate radiological threats on the general public. In order to keep the background ionization level to a minimum, we recommend that various human activities that increase the BIR levels in the areas should be minimized and routine checkup should be carried out in order to keep the radiation level as low as reasonably achievable.
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1. INTRODUCTION 
Radiation is everywhere, and as humans we are constantly exposed to both internal and external radiation sources. Some of these radiation sources involves those from pharmaceutical drugs, food, ground, air, building materials terrestrial environment and radioactive materials which occur naturally (Avwiri, 2011). Ionizing radiation, due to its health effects, is considered hazardous when people are over exposed to it (Oyeyinka et al, 2012). There are basically two types of radiation. These includes the non-ionizing radiation and the ionizing radiation and humans are always exposed to both kinds of radiation emanating from various sources which could be natural or artificial. Some of the natural sources of radiation includes; U-238, Th-232, and their daughters (progeny).


The artificial sources also include anthropogenic radionuclides such as Sr, 137Cs (Avwiri et al, 2010).  The ionizing   radiation possesses sufficient energy to bring about ionization of the biological cell through which it comes in contact with. When ionizing radiation passes through a water medium, containing large bodies of cells, ionization of these cells occurs leading to molecular changes and formation of chemical species which could be damaging to the DNA materials of the cells. Damage caused by ionizing radiation is dependent on the type of radiation. Some examples of ionising radiations are gamma-ray (γ), alpha particles (α), and beta particles (β). It also depends on the energy of the radiation, time or duration of radiation, dose of radiation and homogeneity of the dose and shielding (ICRP, 1991). When the dose rate and the time of exposure is within the internationally accepted set standard, the effect is usually very small and no visible effect is noticed (Olarinoye et al., 2010; Sokari et al., 2022).

Humans are exposed to two sources of ionizing radiation which could be internal and external. The external sources of ionizing radiation could either be natural (cosmic, Terrestrial) or artificial sources such as medical, commercial and industrial and both are equally hazardous to human body. Naturally occurring radioactive material can be found in the human body due to traces of radionuclides present in some food we eat and through the inhalation of air molecules containing radioactive particles. Some of these radioactive materials includes; isotopes of tritium (3H), carbon-14, and potassium – 40 (Oyeyinka et al., 2020). 
It has been shown that the geologic and the geographical nature of an environment determine to a large extent the radionuclides in the soil and rocks. It also determines to a large extent, the level of individual’s gamma radiation exposure rate (UNSCEAR, 2000). Various studies carried out on background ionizing radiation show that an individual’s health could be at risk due to the harmful effects of over exposure to ionizing radiation. These effects ranges from mild-illness such as cataract, skin deformation, cancer and completed ill-health resulting to outright death. Thus, very high doses of exposure to ionizing radiation have been known to cause complicated health issues (NRC, 2006). The permissible level of radiation dose by the International Commission on Radiological Protection (ICRP) is given as 1.0 mSv/yr.

James et al., (2014) carried out a work on the measurement of Gamma radiation in an automobile mechanic village in Abuja, North Central, Nigeria using RDS-200 universal meter and a hand-held geographical positioning system (GPS). The results obtained show the dose equivalent range to be between 0.04μSv/yr to 0.22μSv/yr with an average of 0.10+0.03μSv/yr and is below the set standard of 0.133μSv/yr. This study also show that the average annual effective dose rate approximates to 0.20  0.06mSv/yr which is lower than 1.0mSv/yr average five years interval dose limit set by the Basic Safety Standards (B.S.S) schedule II and the International Commission on Radiological Protection (ICRP) Report 60.

Bension and Ugbede (2018) measured the background ionizing radiation and evaluation of excess life time cancer risks in highly populated motor parks in Enugu using a calibrated portable Geiger Counter nuclear radiation detector (GQGMC-320 plus). The parks where the background radiation measurement took place were; Holy Ghost, Old Park, Abakpa, New Market, Garriki respectively. The mean exposure rate obtained were mR/h,  and  for Abakpa, Garriki, New Market Old Park, Holy Ghost respectively. The average exposure rate was below the set world safely limit of 0.013MR/h for Holy Ghost, Old Park and New Market. However, the mean exposure rate for Abakpa, Garriki are slightly higher than the safe limit by international bodies.

The Annual Absorbed Effective Dose Equivalent rate (AEDE) were , ,    respectively for Holy Ghost, Abakpa, Old Park, New Market and Garriki respectively. Their mean AEDE are below the set limit of 1.0mSv/yr for the general public by (ICRP). Also, their mean excess life time cancer risk (ELCR) calculated were given as; 0.1480.087 x 10-3, 0.534x 10-3, 0.4190.052 x 10-3; 0.460.09 x 10-3 respectively for Holy Ghost, Abakpa, Old Park, New Market and Garriki.  The values were found to be higher than the set limit by UNSCEAR of 0.29 x 10-3.

Ugbede (2018) worked on measurement of the background ionizing radiation exposure level in selected areas in communities of Ishielu L.G.A; Ebonyi State, Nigeria using GQ GMC-320 plus radiation meter and GPS for the geographical coordinates. The obtained average background radiation level at Nkalagu and Ezill Farmlands were  and is higher than ICRP safe level of. Also, the absorbed dose values and the Excess Life Time Cancer Risk were found to be higher than the ICRP set standard at 84.0 nGy/h and 0.29 x 10-3 respectively. 

Nwankwo and Akoshile (2005) worked on the monitoring of external background ionizing radiation in Asa Dam Industrial Area of Ilorin, Kwara State, Nigeria using two Diligent Nuclear radiation monitors in five locations. The result obtained showed that the average external radiation exposure was 0.0134mR/hr with a deviation of about 22%.

Avwiri et al., (2015) work on the assessment of radiation exposure level within Ikot Akpandan Campus of Akwa Ibom State, University using a portable inspector Alert Nuclear Radiation Monitor. The result of the average equivalent dose rate obtained was 0.2440.040 mSv/yr and is below the maximum permissible level by ICRP. 

Esi et al., in 2014 worked on the survey of the assessment of the background ionizing radiation of oil spillage site at Obodo Creek in Gokana L.G.A., Rivers State, Nigeria using standard meters. The result obtained showed the annual equivalent dose to be higher than the dose limit of 1.0mSv/yr by ICRP, 1991. 
												 The aim of this study was to determine the background ionizing radiation levels in major populated motor parks in Port Harcourt, which can serve as baseline data for future radiological studies in similar environments. The study has been thoroughly carried out, and the findings provide important baseline information that can support public health agencies and government authorities in developing and monitoring radiation protection strategies. In addition, the results will be useful for future researchers conducting environmental radiation assessments in motor park and other high-activity urban settings.
Radiation is everywhere, and as humans we are constantly exposed to both internal and external radiation sources. Some of these radiation sources involves those from pharmaceutical drugs, food, ground, air, building materials terrestrial environment and radioactive materials which occur naturally (Avwiri, 2011). Ionizing radiation, due to its health effects, is considered hazardous when people are over exposed to it (Oyeyinka et al, 2012). There are basically two types of radiation. These includes the non-ionizing radiation and the ionizing radiation and humans are always exposed to both kinds of radiation emanating from various sources which could be natural or artificial. Some of the natural sources of radiation includes; U-238, Th-232, and their daughters (progeny).


The artificial sources also include anthropogenic radionuclides such as Sr, 137Cs (Avwiri et al, 2010).  The ionizing   radiation possesses sufficient energy to bring about ionization of the biological cell through which it comes in contact with. When ionizing radiation passes through a water medium, containing large bodies of cells, ionization of these cells occurs leading to molecular changes and formation of chemical species which could be damaging to the DNA materials of the cells. Damage caused by ionizing radiation is dependent on the type of radiation. Some examples of ionising radiations are gamma-ray (γ), alpha particles (α), and beta particles (β). It also depends on the energy of the radiation, time or duration of radiation, dose of radiation and homogeneity of the dose and shielding (ICRP, 1991). When the dose rate and the time of exposure is within the internationally accepted set standard, the effect is usually very small and no visible effect is noticed (Olarinoye et al., 2010; Sokari et al., 2022).

Humans are exposed to two sources of ionizing radiation which could be internal and external. The external sources of ionizing radiation could either be natural (cosmic, Terrestrial) or artificial sources such as medical, commercial and industrial and both are equally hazardous to human body. Naturally occurring radioactive material can be found in the human body due to traces of radionuclides present in some food we eat and through the inhalation of air molecules containing radioactive particles. Some of these radioactive materials includes; isotopes of tritium (3H), carbon-14, and potassium – 40 (Oyeyinka et al., 2020). 
It has been shown that the geologic and the geographical nature of an environment determine to a large extent the radionuclides in the soil and rocks. It also determines to a large extent, the level of individual’s gamma radiation exposure rate (UNSCEAR, 2000). Various studies carried out on background ionizing radiation show that an individual’s health could be at risk due to the harmful effects of over exposure to ionizing radiation. These effects ranges from mild-illness such as cataract, skin deformation, cancer and completed ill-health resulting to outright death. Thus, very high doses of exposure to ionizing radiation have been known to cause complicated health issues (NRC, 2006). The permissible level of radiation dose by the International Commission on Radiological Protection (ICRP) is given as 1.0 mSv/yr.

James et al., (2014) carried out a work on the measurement of Gamma radiation in an automobile mechanic village in Abuja, North Central, Nigeria using RDS-200 universal meter and a hand-held geographical positioning system (GPS). The results obtained show the dose equivalent range to be between 0.04μSv/yr to 0.22μSv/yr with an average of 0.10+0.03μSv/yr and is below the set standard of 0.133μSv/yr. This study also show that the average annual effective dose rate approximates to 0.20  0.06mSv/yr which is lower than 1.0mSv/yr average five years interval dose limit set by the Basic Safety Standards (B.S.S) schedule II and the International Commission on Radiological Protection (ICRP) Report 60.

Bension and Ugbede (2018) measured the background ionizing radiation and evaluation of excess life time cancer risks in highly populated motor parks in Enugu using a calibrated portable Geiger Counter nuclear radiation detector (GQGMC-320 plus). The parks where the background radiation measurement took place were; Holy Ghost, Old Park, Abakpa, New Market, Garriki respectively. The mean exposure rate obtained were mR/h,  and  for Abakpa, Garriki, New Market Old Park, Holy Ghost respectively. The average exposure rate was below the set world safely limit of 0.013MR/h for Holy Ghost, Old Park and New Market. However, the mean exposure rate for Abakpa, Garriki are slightly higher than the safe limit by international bodies.

The Annual Absorbed Effective Dose Equivalent rate (AEDE) were , ,    respectively for Holy Ghost, Abakpa, Old Park, New Market and Garriki respectively. Their mean AEDE are below the set limit of 1.0mSv/yr for the general public by (ICRP). Also, their mean excess life time cancer risk (ELCR) calculated were given as; 0.1480.087 x 10-3, 0.534x 10-3, 0.4190.052 x 10-3; 0.460.09 x 10-3 respectively for Holy Ghost, Abakpa, Old Park, New Market and Garriki.  The values were found to be higher than the set limit by UNSCEAR of 0.29 x 10-3.

Ugbede (2018) worked on measurement of the background ionizing radiation exposure level in selected areas in communities of Ishielu L.G.A; Ebonyi State, Nigeria using GQ GMC-320 plus radiation meter and GPS for the geographical coordinates. The obtained average background radiation level at Nkalagu and Ezill Farmlands were  and is higher than ICRP safe level of. Also, the absorbed dose values and the Excess Life Time Cancer Risk were found to be higher than the ICRP set standard at 84.0 nGy/h and 0.29 x 10-3 respectively. 

Nwankwo and Akoshile (2005) worked on the monitoring of external background ionizing radiation in Asa Dam Industrial Area of Ilorin, Kwara State, Nigeria using two Diligent Nuclear radiation monitors in five locations. The result obtained showed that the average external radiation exposure was 0.0134mR/hr with a deviation of about 22%.

Avwiri et al., (2015) work on the assessment of radiation exposure level within Ikot Akpandan Campus of Akwa Ibom State, University using a portable inspector Alert Nuclear Radiation Monitor. The result of the average equivalent dose rate obtained was 0.2440.040 mSv/yr and is below the maximum permissible level by ICRP. 

Esi et al., in 2014 worked on the survey of the assessment of the background ionizing radiation of oil spillage site at Obodo Creek in Gokana L.G.A., Rivers State, Nigeria using standard meters. The result obtained showed the annual equivalent dose to be higher than the dose limit of 1.0mSv/yr by ICRP, 1991. 
										
The aim of this study was to determine the background ionizing radiation levels in major populated motor parks in Port Harcourt, which can serve as baseline data for future radiological studies in similar environments. The study has been thoroughly carried out, and the findings provide important baseline information that can support public health agencies and government authorities in developing and monitoring radiation protection strategies. In addition, the results will be useful for future researchers conducting environmental radiation assessments in motor park and other high-activity urban settings.

	Table 1a Shows radiological risk parameters in some selected sample locations in motor parks/ motor workshops/ Mechanic villages of related authors

	S/N
	State
	Description
	Annual Effective Dose (mSv/yr)
	ELCR x 10ˉ ³
	Reference

	1
	Enugu
	Motor Parks 
Holy Ghost 
Abakpa
Old park 
New market 
Garriki
	0.119 0.025
0.153 
0.120  0.015
0.122 
0.144  0.023
	0.418 0.087
0.534 
0.419  0.052
0.426 
0.504 0.079
	[bookmark: _Hlk73354952]Ugbede and Benson (2018)

	2
	Delta State
	Motor Workshops
Effurum  
	1.428  0.002
	
	Avwiri et al. (2015)

	3
	Abuja
	Mechanic Village
Apo
	0.20 0.06

	
	James et al.    (2014)

	4
	Benin
	Mechanic Workshops 
Ugbowo, 
	0.40
	
	Nworgu et al. (2012)

	5
	Port Harcourt 
	Mechanic Village
Mile III 
Ikoku
	
0.13 ± 0.04
0.14 ± 0.04
	
0.46 ± 0.12
0.51 ± 0.12
	
This work
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Figure 1: Locations of Ikoku and Mile-3 Mechanic Village

2. Methodology

Methodology
An in-situ measurement of background ionizing radiation was carried out using a well calibrated GMC – 30E-Plus Nuclear radiation meter, Geiger Muller Counter and Geographical positioning system (GPS) to measure the geographical coordinates of the sample locations. 
The GMC-30E-Plus was used to measure the ionizing radiation such as beta, gamma and x-ray radiations. During measurement, the meter was raised to a reasonable height of 1.0m above the ground level (Avwiri G.O et al, 2007). The measured values were recorded within the time period of 10.00hr to 17.00hr for effective accuracy of the results while using the meter (Iyang et al, 1990). The Geiger Muller counter works on the principle that a pulse generated by the electrical current each time radiation passes through the counter and initiates ionization (Avwiri and Olatubosun, 2014). These pulses generated are electrically detected and registered as a count and displayed on the meter. The meter has a display function of counts per units (CPM), Micro Sievert per hour (μSv/hr) and milli-roentgen per hour (mR/hr). 
Three distinct measurements of exposure rate in mR/h were taken at each of the sample point   and then averaged to a single value as the mean exposure rate of a sample point (Orlunta, and Sokari, 2023). 


2.3 Absorbed Dose (AD)
The absorbed dose describes the energy deposited in an absorbing tissue, literally it can be defined as the energy impacted in a unit mass. Equation (1) give the conversion formular from the exposure rate in   to absorbed dose (AD) in (Agbalagba, 2017; Rafique et al., 2014)
                                       1= 8.7  =                                                             (1)

2.3 Annual Effective Dose Equivalent (AEDE)
The annual effective dose indicates radiological contamination in an outdoor environment which resulted from the inhalation of high radon gas emissions and its progeny from activities that can lead to lung cancer as a result of dose accumulation (Sokari and Onwuka, 2025).

                                     AEDE (mSv/y) = AD (nGy/h) x 8760h x 0.7Sv/Gy x 0.2                             (2)    
                 
Where AD is the absorbed dose rate, 8760h is the total hours per year, 0.7Sv/Gy is the dose conversion factor from absorbed dose in air to effective dose with an occupancy factor of 0.2 for outdoor exposure as recommended by (UNSCEAR,2008).

2.4 Excess Life Cancer Risk (ELCR)
The excess life time cancer risks (ECLR) describe the potential Carcinogenic effects, from the calculation based on probability of cancer induced incidence in a population. This is as a result of exposure from radiation or the intakes of harmful chemical substances for a specific period of lifetime. In other words, the ELCR indicates the chances of contracting a cancer from the exposure from radiation or toxic chemical substances for a specific lifetime.   According to (ICRP) the excess life time is calculated from the equation.

                                      ELCR = AEDE (mSv/y) x DL x RF                                                          (3)

Where AEDE is the annual effective dose equivalent, DL is average duration of life (70 years) and RF is the fatal cancer risk factor per sievert (Svˉ 1). For low-dose background radiation, which is considered to produce stochastic effects, ICRP 103 uses a fatal cancer risk factor value of 0.05 for public exposure (ICRP, 2007).



3. results and discussion
The radiological health risk parameters are of Ikoku and Mile 3 Mechanic Village are Tabulated in Table 1 and 2, while the Summary is presented in Table 3. The bar charts of each of the radiological parameters are displayed in Figure 2-5.

	Table 1b: Measurement of exposure rate, annual equivalent dose equivalent (AEDE) within Ikoku  
              Mechanic Village (IKMV).

	Sample location Code
	Latitude(N)
	Longitude(E)
	Exposure rate

	Absorb dose rate
(nGy/h)
	AEDE
(mSv/y)
	ELCR x 10-3

	IKMV – 01
	4°47'52.59"
	6°59'33.65"
	0.011 ± 0.001
	
	
	

	IKMV – 02
	4°47'53.06"
	6°59'34.92"
	0.012 ± 0.001
	
	
	

	IKMV – 03
	4°47'58.12"
	6°59'38.74"
	0.011 ± 0.002
	
	
	

	IKMV – 04
	4°47'53.34"
	6°59'39.91"
	0.010 ± 0.001
	
	
	

	IKMV – 05
	4°48'01.09"
	6°59'42.26"
	0.010 ± 0.002
	
	
	

	IKMV – 06
	4°48'02.00"
	6°59'44.10"
	0.012 ± 0.001
	
	
	

	IKMV – 07
	4°47'56.65"
	6°59'37.78"
	0.010 ± 0.001
	
	
	

	IKMV – 08
	4°47'56.84"
	6°59'34.80"
	0.008 ± 0.001
	
	
	

	IKMV – 09
	4°47'56.50"
	6°59'34.08"
	0.013 ± 0.002
	
	
	

	IKMV – 10
	4°47'56.07"
	6°59'37.17"
	0.002 ± 0.001
	
	
	

	IKMV – 11
	4°47'54.23"
	6°59'38.07"
	0.010 ± 0.000
	
	
	

	IKMV – 12
	4°47'57.73"
	6°59'36.15"
	0.011 ± 0.001
	
	
	

	IKMV – 13
	4°47'59.20"
	6°59'40.81"
	0.015 ± 0.002
	
	
	

	IKMV – 14
	4°47'57.68"
	6°59'40.67"
	0.014 ± 0.001
	
	
	

	IKMV – 15
	4°47'56.50"
	6°59'34.08"
	0.011 ± 0.002
	
	
	

	IKMV – 16
	4°47'54.23"
	6°59'38.07"
	0.010 ± 0.001
	
	
	

	IKMV – 17
	4°47'57.73"
	6°59'36.15"
	0.012 ± 0.002
	
	
	

	IKMV – 18
	4°47'57.35"
	6°59'40.75"
	0.015 ± 0.001
	
	
	

	IKMV – 19
	4°47'57.56"
	6°59'41.50"
	0.014 ± 0.001
	
	
	

	IKMV – 20
	4°47'53.23"
	6°59'39.65"
	0.009 ± 0.002
	
	
	

	IKMV – 21
	4°48'01.29"
	6°59'42.50"
	0.009 ± 0.002
	
	
	

	IKMV – 22
	4°48'02.12"
	6°59'43.30"
	0.010 ± 0.001
	
	
	

	IKMV – 23
	4°47'55.48"
	6°59'34.50"
	0.007 ± 0.001
	
	
	

	IKMV – 24
	4°47'55.54"
	6°59'34.26"
	0.009 ± 0.002
	
	
	

	IKMV – 25
	4°47'54.27"
	6°59'37.57"
	0.006 ± 0.001
	
	
	

	IKMV – 26
	4°47'53.33"
	6°59'38.12"
	0.011 ± 0.002
	
	
	

	IKMV – 27
	4°47'58.24"
	6°59'40.60"
	0.013 ± 0.001
	
	
	

	IKMV – 28
	4°47'56.38"
	6°59'39.67"
	0.014 ± 0.002
	
	
	

	IKMV – 29
	4°47'54.55"
	6°59'33.18"
	0.011 ± 0.002
	
	
	

	IKMV – 30
	4°47'53.44"
	6°59'37.12"
	0.013 ± 0.001
	
	
	

	IKMV – 31
	4°47'52.22"
	6°59'40.85"
	0.012 ± 0.002
	
	
	

	IKMV – 32
	4°47'52.45"
	6°59'34.45"
	0.010 ± 0.002
	
	
	

	IKMV – 33
	4°47'52.16"
	6°59'33.33"
	0.011 ± 0.001
	
	
	

	IKMV – 34
	4°47'58.77"
	6°59'37.89"
	0.012 ± 0.002
	
	
	

	Mean value
	0.011± 0.03
	94.17±22.71
	0.14±0.04
	0.51±0.12






	Table 2: Measurement of exposure rate, absorbed dosed, annual equivalent dose equivalent and
              excess cancer life risk within Mile -3 Mechanic Village (M3MV).

	Sample location Code
	Latitude(N)
	Longitude(E)
	Exposure rate

	Absorb dose rate
(nGy/h)
	AEDE
(mSv/y)
	ELCR x 10-3

	M3MV – 01
	4°48'34.90"
	 6°59'08.20"
	0.0120.01
	69.6
	0.11
	0.37

	M3MV – 02
	4°48'38.10"
	 6°59'12.60"
	0.0080.02
	95.7
	0.15
	0.51

	M3MV – 03
	4°48'38.00"
	 6°59'13.49"
	0.0080.01
	43.5
	0.07
	0.23

	M3MV – 04
	4°48'33.10"
	 6°59'14.46"
	0.0060.01
	95.7
	0.15
	0.51

	M3MV – 05
	4°48'35.40"
	 6°59'15.30"
	0.0080.02
	52.2
	0.08
	0.28

	M3MV – 06
	4°48'35.60"
	 6°59'13.60"
	0.0080.01
	52.2
	0.08
	0.28

	M3MV – 07
	4°48'34.70"
	 6°59'11.80"
	0.0060.01
	43.5
	0.07
	0.23

	M3MV – 08
	4°48'36.10"
	 6°59'11.57"
	0.0090.01
	78.3
	0.12
	0.42

	M3MV – 09
	4°48'35.45"
	 6°59'10.60"
	0.0100.03
	69.6
	0.11
	0.37

	M3MV – 10
	4°48'33.03"
	 6°59'09.42"
	0.0070.01
	69.6
	0.11
	0.37

	M3MV – 11
	4°48'34.16"
	 6°59'08.78"
	0.0020.02
	95.7
	0.15
	0.51

	M3MV – 12
	4°48'34.03"
	 6°59'10.02"
	0.0060.02
	87.0
	0.13
	0.47

	M3MV – 13
	4°48'34.90"
	 6°59'11.20"
	0.0140.01
	87.0
	0.13
	0.47

	M3MV – 14
	4°48'35.40"
	 6°59'12.93"
	0.0060.01
	69.6
	0.11
	0.37

	M3MV – 15
	4°48'35.60"
	 6°59'14.03"
	0.0080.02
	104.4
	0.16
	0.56

	M3MV – 16
	4°48'35.90"
	 6°59'15.00"
	0.0100.02
	104.4
	0.16
	0.56

	M3MV – 17
	4°48'35.20"
	 6°59'15.30"
	0.0050.02
	60.9
	0.09
	0.33

	M3MV – 18
	4°48'35.08"
	 6°59'14.52"
	0.0080.01
	130.5
	0.20
	0.70

	M3MV – 19
	4°48'34.90"
	 6°59'13.57"
	0.0110.02
	121.8
	0.19
	0.65

	M3MV – 20
	4°48'34.70"
	 6°59'11.70"
	0.0050.01
	78.3
	0.12
	0.42

	M3MV – 21
	4°48'34.16"
	 6°59'11.45"
	0.0110.01
	78.3
	0.12
	0.42

	M3MV – 22
	4°48'33.70"
	 6°59'09.62"
	0.0060.02
	87.0
	0.13
	0.47

	M3MV – 23
	4°48'34.13"
	 6°59'11.09"
	0.0060.02
	60.9
	0.09
	0.33

	M3MV – 24
	4°48'33.80"
	 6°59'09.70"
	0.0050.01
	78.3
	0.12
	0.42

	M3MV – 25
	4°48'33.26"
	 6°59'09.90"
	0.0090.02
	52.2
	0.08
	0.28

	M3MV – 26
	4°48'33.30"
	 6°59'10.50"
	0.0080.01
	95.7
	0.15
	0.51

	M3MV – 27
	4°48'33.72"
	 6°59'11.90"
	0.0080.01
	113.1
	0.17
	0.61

	M3MV – 28
	4°48'33.87"
	 6°59'12.00"
	0.0110.02
	121.8
	0.19
	0.65

	M3MV – 29
	4°48'34.21"
	 6°59'12.70"
	0.0100.01
	95.7
	0.15
	0.51

	M3MV – 30
	4°48'34.39"
	 6°59'14.40"
	0.0100.02
	113.1
	0.17
	0.61

	M3MV – 31
	4°48'32"98
	 6°59'13.00"
	0.0080.02
	104.4
	0.16
	0.56

	M3MV – 32
	4°48'32.87"
	 6°59'11.80"
	0.0120.01
	87.0
	0.13
	0.47

	M3MV – 33
	4°48'32.88"
	 6°59'10.80"
	0.0120.01
	95.7
	0.15
	0.51

	M3MV – 34
	4°48'32.20"
	 6°59'10.70"
	0.0070.02
	104.4
	0.16
	0.56

	Mean value
	0.008± 0.03
	85.21±23.05
	0.13±0.04
	0.46±0.12












	Table 3: Summary of mean values of Radiological risk parameters of the Sample Locations

	Sample location Code
	Exposure rate

	Absorb dose rate
(nGy/h)
	AEDE
(mSv/y)
	ELCR x 10-3

	IKMV
	0.011± 0.03
	94.17±22.71
	0.14±0.04
	0.51±0.12

	M3MV
	0.008± 0.03
	85.21±23.05
	0.13±0.04
	0.46±0.12

	World Average
	0.013
	89.0
	1.0
	0.29







Figure 2: Comparison of exposure rate of sample locations and ICRP standard





Figure 3:  Comparison of Absorbed dose of sample locations and ICRP standard

Figure 4: Comparison of Annual Effective Dose Equivalent of sample locations with UNCEAR standard


Fig 5.  Comparison of excess life time cancer risk of sample locations with world standard

The exposure rate of Ikoku mechanic village as shown in Table 1. ranged from 0.002 ± 0.001 mR/h to 0.015 ± 0.02 mR/h, with an overall mean value of 0.011 ± 0.03 mR/h, which is lower than the recommended value of 0.013 mR/h for normal background radiation environments (ICRP, 2007). The mean exposure rate recorded in this study is also lower than the value of 0.0167 ± 0.002 mR/h reported in automobile mechanic workshops in Uvwie Local Government Area, Delta State, where elevated radiation levels were attributed to continuous mechanical activities and accumulation of metallic waste materials (Avwiri and Esi, 2015). Similarly, radiation measurements conducted at an automobile mechanic village in Apo Mechanic Village, Abuja, recorded gamma radiation dose equivalents ranging from 0.04–0.22 µSv/h, with a mean value of 0.10 ± 0.03 µSv/h, indicating comparable exposure levels within mechanic environments (James et al., 2014). These comparisons suggest that the exposure rate observed in Ikoku Mechanic Village is generally consistent with values recorded in similar mechanic-based occupational environments in Nigeria.

The absorbed dose of Ikoku mechanic village ranged from 17.4 nGy/h to 130.5 nGy/h, with an overall mean value of 94.17 ± 22.71 nGy/h, which is slightly higher than the world average value of 89 nGy/h recommended by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 2008) as indicated in Table1. Comparable measurements carried out in the central automobile mechanic village in Uyo, Akwa Ibom State, reported an average annual effective dose equivalent (AEDE) of 0.1353 ± 0.0069 mSv/y, which falls within acceptable safety limits for public exposure (Essien and Umoh, 2016). Similarly, studies conducted in Apo Mechanic Village, Abuja, recorded annual effective dose values averaging 0.20 ± 0.06 mSv/y, which is comparable to the AEDE values obtained in the present study (James et al., 2014). These findings indicate that absorbed dose levels recorded in Ikoku Mechanic Village are within the range typically observed in Nigerian mechanic villages.

The AEDE of Ikoku mechanic village as shown in Table 1, ranged from 0.03–0.20 mSv/y, with a mean value of 0.14 mSv/y. The slightly higher values reported in mechanic workshops in Uvwie, Delta State, where the mean equivalent dose rate was 1.428 mSv/y, exceeded recommended background levels (Avwiri and Esi, 2015). The relatively lower AEDE observed in Ikoku Mechanic Village indicates that radiation exposure to workers and residents is within safe limits when compared to some highly impacted mechanic environments.

The Excess Lifetime Cancer Risk (ELCR) obtained in Ikoku mechanic village ranged from 0.09 × 10⁻³ to 0.70 × 10⁻³, with an overall mean value of 0.51 × 10⁻³, which is higher than the global average value of 0.29 × 10⁻³ recommended by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR, 2000). The Excess Lifetime Cancer Risk (ELCR) obtained in this study (0.09 × 10⁻³ to 0.70 × 10⁻³; mean = 0.51 × 10⁻³) is higher than the global average value of 0.29 × 10⁻³ recommended by United Nations Scientific Committee on the Effects of Atomic Radiation, indicating a slight elevation in lifetime radiological risk within the study area. When compared with similar environmental studies in Nigeria, the present values are consistent with findings from other industrial and oil-producing environments. For example, radiation assessment in Warri Refining and Petrochemical Company, Niger Delta (Emelue et al., 2014).  The ELCR values ranging from 0.12 × 10⁻³ to 0.17 × 10⁻³, which are lower than the present study but still within the same low-risk category, indicating relatively controlled radiation exposure in industrial facilities despite continuous occupational activities. The lower values in that study were attributed to regulated industrial operations and reduced environmental contamination compared to informal mechanic environments. Similarly, studies conducted in artisanal mining sites in North-West Nigeria (Bulkachuwa, et al., 2024). Reported significantly higher ELCR values, exceeding 1.0 × 10⁻³ and reaching up to 10⁻³ magnitude levels, which were far above the global average due to enhanced natural radionuclide concentrations in mineral-rich geological formations. These findings indicate that geological factors and intensive soil disturbance can substantially elevate cancer risk indices compared to mechanic-based environments. The ELCR obtained in this study falls within the range commonly reported for Nigerian industrial and occupational environments, particularly mechanic villages and urban workshops, where elevated but low-level chronic exposure is typical.
In Table 2, the Mile 3 mechanic village exposure rate ranged from 0.002 ± 0.002 to 0.005 ± 0.02 with an overall mean value of 0.008 ± 0.03which is less than the recommended value of 0.013 as recommended by ICRP as Tabulated in Table2. The mean exposure rate obtained in this study (0.008 mR/h) is lower than values reported in similar automobile mechanic environments. For instance, a study conducted in Benin City mechanic workshops, Nigeria, reported exposure rates averaging about 0.013 mR/h, which is slightly higher than the present study and attributed to increased accumulation of scrap metals and industrial waste materials in workshop environments (Nworgu et al., 2011). Similarly, research conducted in Freetown automobile workshops, Sierra Leone, reported exposure values ranging from 0.0124–0.0189 mR/h, which are higher than those obtained in this study, suggesting stronger anthropogenic influence and higher scrap-metal density in those locations (Olopade et al., 2025). These comparisons indicate that exposure levels in Mile 3 Mechanic Village are relatively lower but still consistent with the range observed in mechanic-based environments.
Table 2 shows the computed value of the absorbed dose which ranged from 78.3(nGy/h) to 95.7(nGy/h) with an overall mean of 85.21± 23.05(nGy/h) which is lower slightly higher than the acceptable limit of 89(nGy/h) as recommended by UNCEAR. However, similar studies in Nigerian industrial environments show overlapping ranges. For example, a radiation survey in quarry and industrial sites in Ebonyi State reported absorbed dose rates ranging from 110–220 nGy/h, which are higher than the present study and attributed to enhanced geological radiation and industrial disturbance of soil materials (Ugbede and Echeweozo, 2023). Likewise, studies in mechanic workshops in Gombe State, Nigeria, reported absorbed dose rates of approximately 150 nGy/h, significantly higher than those obtained in Mile 3 Mechanic Village, indicating stronger radiation influence in highly active mechanical environments (Olanrewaju et al., 2020). These differences suggest that Mile 3 Mechanic Village exhibits comparatively lower terrestrial radiation influence.

The AEDE of the Mile 3 mechanic village range from 0.12(mSv/y) to 0.15(mSv/y) with an overall mean of 0.13±0.04(mSv/y), this value obtained is less than the acceptable limit of 1(mSv/y) as recommended by ICRP. The AEDE obtained shows (0.13 mSv/y) is below the recommended public exposure limit of 1 mSv/y set by ICRP, indicating safe radiological conditions. Comparable studies support this finding. For instance, radiation assessment in automobile mechanic workshops in Benin City, Nigeria, reported AEDE values of approximately 0.40 mSv/y, which is higher than the present study due to elevated external gamma radiation levels in densely populated workshop environments (Nworgu et al., 2011). Similarly, a study in Lafia dumpsites, Nigeria, reported mean AEDE values of 0.19 mSv/y, slightly higher than the present study but still within permissible limits, reflecting moderate environmental radiation exposure (Ademoh and Usman, 2021). These comparisons indicate that Mile 3 Mechanic Village has relatively lower radiation exposure compared to other Nigerian industrial environments.

ELCR of Mile 3 mechanic village ranged from 0.42 x to 0.51x with an overall mean of 0.46 x which is higher than the standard limit of 0.29 x by UNSCEAR. However, similar elevated values have been reported in other occupational environments. For example, ELCR values of approximately 0.65 × 10⁻³ were reported in dumpsite environments in Lafia, Nigeria, which were attributed to accumulation of industrial waste and radionuclide-bearing materials (Ademoh and Usman, 2021). Likewise, blacksmith workshops in Gombe State reported ELCR values exceeding 0.80 × 10⁻³, indicating higher long-term cancer risk in more intensively industrialized environments (Olanrewaju et al., 2020). Compared to these studies, Mile 3 Mechanic Village presents relatively lower ELCR values, suggesting a moderate but acceptable level of long-term radiological risk.

Figure 2 shows the exposure rate of sample locations and ICRP standard and both sample locations are found to be lower than the acceptable limit. But in Figure 3, the absorbed dose is quite higher in Ikoku Mechanic village both lower in mile 3 Mechanic village in comparison with the acceptable limit of 89.0 (nGy/h). In terms of the Annual Effective Dose Equivalent Dose Equivalent both sample locations are within the range of the acceptable limit. Finally, ELCR for both locations are both higher than the acceptable limits of 0.29 x as summarized in Table 3.


4.0 CONCLUSION

This study assessed radiation levels and health risk indices in Ikoku Mechanic Village and Mile 3 Mechanic Village using exposure rate, absorbed dose, AEDE, and ELCR, and compared the results with standards from the International Commission on Radiological Protection and United Nations Scientific Committee on the Effects of Atomic Radiation. The results show that exposure rate and AEDE values are within recommended safety limits, indicating no immediate radiological hazard. The absorbed dose is close to global average values, suggesting mild elevation due to anthropogenic activities typical of mechanic environments. However, the ELCR values are slightly above global reference levels, indicating a marginal increase in long-term cancer risk. In overall, both study locations exhibit moderate radiation levels that are generally safe, but continued monitoring is recommended due to the slight elevation in some risk indices.
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