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ABSTRACT
The evaluation of background ionizing radiation in 20 selected locations within Rumuosi and Choba villages, Port Harcourt, Rivers state, was accomplished using a nuclear radiation detector (GQ GMC-300E plus), and global positioning system (GPS) used to measure the geographical coordinates of the sample points. The exposure rate, absorbed dose, annual effective dose and excess lifetime cancer risk parameters had mean values of 0.010±0.0013mR/h and 0.0100±0.0094mR/h, 87.00±11.6nGy/h and 87.00±8.20nGy/h, 0.133±0.06mSv/y and 0.133±0.01337mSv/y and 0.47±0.063×10ˉ³ and 0.47±0.04×10ˉ³ for Rumuosi and Choba, respectively. The excess lifetime cancer risk parameters implies that people living within these areas may be exposed to cancer in their later life. Conclusively, the result indicates that people living within that location may not be exposed to background ionizing radiation. However, a routine monitoring within these locations should be observed.
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1. INTRODUCTION
Radiation refers to the flow of atomic wave or energy that travels through space or other medium. Furthermore, radiation can move from one station or point to another in a form described as waves or particles. Particle emission: including particles and electromagnetic wave that are emitted by same materials and carry energy [6]. It can be found naturally in all places on earth. We can classify radiation according to the effects it produces on matter, into Ionizing and non-ionizing. Ionizing radiation includes cosmic rays, X-rays and the radiation from radioactive materials. Non-ionizing radiation includes gamma rays, ultraviolet light, radiant heat, radio waves and microwaves [5]. It is important that the benefits and dangers of radiation use is adequately established to mitigate the risks it may pose.

Background ionizing radiation refers to the total radiation dose measurement at a location [11]. Background radiation is a measurement of the level of ionizing radiation present in the environment at a specific location, which is not due to deliberate introduction of radiation sources. Background ionizing radiation is the amount of ionizing radiation that is naturally present in the environment at a specific location.  It implies that a distinction between already existing radiation at a particular location and radiation introduced from a particular source [11]. The main source of radiation in the environment are natural sources which includes cosmic rays which enter the earth from outer space and primordial radionuclides 40K, 238U and 232Th that originated from the earth’s crust and are present everywhere in the environment; in rocks, soil, water, sediments, foods and including the human body itself [10].
Ionizing radiations are    highly    energetic    particles    with    characteristic    high penetrating power.  When such radiation passes through the biological cell, it causes both excitation and ionization which alters the cells structure [3].  Exposure to high levels of gamma radiation causes several harmful effects in man such as mutation and cancer of various types and different kinds of diseases [9]. As a result, in medical physics, determining the health risk of Background Radiation -a measurement of the amount of Ionizing Radiation existing in the Environment at a given area that is not attributable to the deliberate introduction of radiation sources is critical [13].

This study is aimed at evaluating these sample areas characterized by high population density, markets, communication masts and other radiation sources and providing baseline information on the severity of the background radiation present in them. This study is also geared towards determining the quality of the environment and create awareness of likely health effects on the residents of these areas.
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Picture 1 Map of the Study Area Showing Rumuosi and Choba Village Respectively

2. MATERIALS AND METHODS 
The Background Ionizing Radiation (BIR) readings of the ten sample areas each in Rumuosi and Choba respectively was measured using the radiation meter (GQ GMC-300E plus). GQ GMC-300E plus is a portable device capable of detecting Beta, Gamma, and X-Ray with a sensitivity of 0.1~1 MeV to gamma radiation [12]. The process involved raising the radiation meter to 50cm above the ground level when taking readings. The Global Positioning System (GPS) was used to measure the geographical co-ordinates of each sample location. Also, the measuring tape was used to measure between one point to the other.
 2.1 RADIOLOGICAL PARAMETERS
2.1.1   MEAN VALUE OF BACKGROUND IONIZATION RADIATION
The mean value of the background ionization radiation was computed using equation (3.1). The health risk parameters were computed from the average background ionizing radiation. The statistical package for social science (SPSS) version 2.0 was also used in the computation of the health risks parameters.
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Mean value (µx) =		(3.1)
	                            n	
Where,
n = number of reading(s)
x = total number of readings (average)
2.1.2 ANNUAL ABSORBED DOSE
Absorbed dose is a term used to describe the potential biochemical changes in specific tissues in the human body. In other words, absorbed dose rate due to radiation is the magnitude of energy delivered in a tissue from exposure to ionizing radiation within a specified period. The absorbed dose rate also describes the intensity of energy delivered to a specific organ in the human body within a specified time (ICRP, 1993). The annual absorbed dose rate received by a population, is calculated based on the outdoor factor, the equation used in calculating the annual absorbed dose rate due to background ionizing radiation base on the report of (UNSCEARR 2000; ICRP,1993) is given as 
	D(mSvyˉ¹) = CRn D.H.T……………… …………. (3.2)
2.1.3 ANNUAL EFFECTIVE DOSE RATE
In general terms, the effective dose equivalent measures the probable biochemical changes in specific tissues in the body. It is calculated in mSvyˉ¹. This value is dependent on three factors which are: 
(i) The absorbed dose to all organs in the body.
(ii) The relative damage due to level of radiation.
(iii) The sensitivities of individual organ to radiation
The annual effective dose rate (AEDR) is calculated by applying a tissue and radiation weighting factor (ICRP,1991). The equation is giving by,
AEDR (mSvyˉ¹) = DRN. WR. W ………………………………………………  (3.3)			
Where,
WR = Radiation weighting Factor for Alpha Particles (20)
WT = Tissue Weighing Factor for the Lung (0.12)


2.1.4 EXCESS LIFE-TIME CANCER RISK 
The excess life-time cancer risk (ELCR) describes 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 of a 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 [7]. According to ICRP, the excess life-time cancer risk is calculated from the equation.;
ELCR = AEDE × (DL) × (RF) ……………………………… (3.4)			[7]
Where,
DL = Average Duration of Life (70 years)
RF = Risk Factor 0.05×10ˉ⁵ per Sievert
3. RESULTS AND DISCUSSION
Table 1 and 3 shows the measured levels of exposure to BIR in ten sample areas of the Rumuosi village with a range of 0.006 -0.015 mR/h and an average of 0.010± 0.0133 and the ten sample areas of the Choba village having a range of 0.007-0.014mR/h and an average of 0.0100±0.0094, respectively. The table 2 and 4. provides the values of the radiological parameters for these areas with all parameters below the acceptable limit except for the Absorbed dose and the Excess Lifetime Cancer Risk. The contour and surface map (fig. 1 &2) show the highest peaks of BIR exposure in the Northeast direction towards the extremes ends of the sample areas in Rumuosi village. Similarly, the contour and surface map (fig. 3 &4) show the highest peaks of BIR exposure in the Northeast direction towards the centre of the sample areas in Choba village. These observed peaks are likely due to higher sources of radiation caused by development attributed to a higher concentration of persons.
	Table 1 Measurement of Radiation Ionization Radiation level of Ten Locations in Rumuosi Village

	S/N
	Geographical   Coordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
(mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	RMS-1
	4°52’54.016”
	6°56’32.395”
	0.006
	0.012
	0.008
	0.009

	RMS -2
	4°53’.56400”
	6°56’22.315”
	0.010
	0.009
	0.006
	0.008

	RMS -3
	4°52’46.027”
	6°56’24.961”
	0.014
	0.008
	0.006
	0.009

	RMS -4
	4°52’11.582”
	6°57’7.0130”
	0.007
	0.012
	0.014
	0.011

	RMS -5
	4°52’40.112”
	6°56’25.930”
	0.011
	0.013
	0.012
	0.012

	RMS -6
	4°52’38.554”
	6°56’21.847”
	0.011
	0.012
	0.006
	0.010

	RMS -7
	4°52’31.530”
	6°56’16.663”
	0.008
	0.009
	0.011
	0.009

	RMS -8
	4°52’54.440”
	6°56’27.823”
	0.010
	0.007
	0.014
	0.010

	RMS -9
	4°52’56.892”
	6°56’27.809”
	0.006
	0.016
	0.009
	0.010

	RMS -10
	4°52’57.148”
	6°56’26.596”
	0.010
	0.010
	0.015
	0.012

	Average        0.010± 0.0133
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Figure 1 Contour map of Radiation Ionization Radiation Level of Rumuosi Village
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Figure 2 Surface map of Radiation Ionization Radiation Level of Rumuosi Village

	Table 2 Radiological Parameters of Rumuosi Village

	S/N
CODE
	Average Radiation level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	RMS-1
	0.009
	78.3
	0.12
	0.42

	RMS -2
	0.008
	69.6
	0.11
	0.37

	RMS -3
	0.009
	78.3
	0.12
	0.42

	RMS -4
	0.011
	95.7
	0.15
	0.51

	RMS -5
	0.012
	104.4
	0.16
	0.56

	RMS -6
	0.010
	87.0
	0.13
	0.47

	RMS -7
	0.009
	78.3
	0.12
	0.42

	RMS -8
	0.010
	87.0
	0.13
	0.47

	RMS -9
	0.010
	87.0
	0.13
	0.47

	RMS -10
	0.012
	104.4
	0.16
	0.56

	 Mean
	0.010±0.0013   
	87.00±11.6
	0.133±0.06
	0.47±0.063

	Acceptable limits
	0.013
	89.0
	1.0
	0.29



	Table 3 Measurement of Radiation Ionization Radiation level of Ten Locations in Choba Village

	S/N
	Geographical Coordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
( mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	CHB-1
	4°53’54.830”
	6°54’29.448”
	0.007
	0.009
	0.008
	0.008

	CHB -2
	4°53’54.744”
	6°54’29.412”
	0.008
	0.009
	0.009
	0.009

	CHB -3
	4°53’54.521”
	6°54’26.698”
	0.010
	0.009
	0.012
	0.010

	CHB -4
	4°53’52.854”
	6°54’24.631”
	0.014
	0.006
	0.011
	0.010

	CHB -5
	4°53’49.996”
	6°54’26.597”
	0.010
	0.014
	0.010
	0.011

	CHB -6
	4°53’44.160”
	6°54’30.884”
	0.011
	0.007
	0.013
	0.010

	CHB -7
	4°53’29.353”
	6°54’4.9320”
	0.009
	0.012
	0.011
	0.011

	CHB -8
	4°53’29.519”
	6°54’33.631”
	0.014
	0.010
	0.008
	0.011

	CHB  -9
	4°53’27.301”
	6°54’23.972”
	0.009
	0.008
	0.014
	0.010

	CHB -10
	4°54’18.274”
	6°54’8.4380”
	0.012
	0.008
	0.011
	0.010

	Average     0.0100±0.0094  
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Figure 3 Contour map of Background Inionization Radiation Level of Choba Village
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Figure 4 Surface map of Background Inionization Radiation Level of Choba Village
	Table 4.  Radiological Parameters of Rumuosi and Choba Village

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

	RMS
	0.010  
	87.00
	0.133
	0.47

	CHB
	0.010  
	87.00
	0.133
	0.47

	Acceptable limit
	0.013
	89.0
	1.0
	0.29








	Table 5 Radiological Parameters of Choba Village 

	S/N
CODE
	Average Radiation level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	CHB-1
	0.008
	69.6
	0.11
	0.37

	CHB -2
	0.009
	78.3
	0.12
	0.42

	CHB -3
	0.010
	87.0
	0.13
	0.47

	CHB -4
	0.010
	87.0
	0.13
	0.47

	CHB -5
	0.011
	95.7
	0.15
	0.51

	CHB -6
	0.010
	87.0
	0.13
	0.47

	CHB -7
	0.011
	95.7
	0.15
	0.51

	CHB -8
	0.011
	95.7
	0.15
	0.51

	CHB  -9
	0.010
	87.0
	0.13
	0.47

	CHB -10
	0.010
	87.0
	0.13
	0.47

	 Mean
	0.0100±0.0094  
	87.00±8.20
	0.133±0.01337
	0.47±0.043

	Acceptable limits
	0.013
	89.0
	1.0
	0.29
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[bookmark: _Hlk181884322]Figure .5 Comparison of Background Ionization Radiation Level of Rumuosi and Choba village with world average., UNSCEAR, 2000
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Figure 6 Comparison of Absorbed Dose of Rumuosi and Choba village with world average., UNSCEAR, 2000
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Figure 7 Comparison of Annual Effective Dose of Rumuosi and Choba villages with the world average., UNSCEAR, 2000
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Figure 8 Comparison of ELCR of Rumuosi and Choba village with world average., UNSCEAR, 2000.

[bookmark: _Hlk187981099]Table 2 and.4 provide the measured radiological parameters for analysis. The average background ionizing radiation varied from 0.008 to 0.012mR/h with an overall average of 0.010±0.0013mR/h and 0.008 to 0.011mR/h with an overall average of 0.0100±0.0094 for the areas in the Rumuosi and Choba villages respectively. [1] reports slightly higher than the measure values in this work which are higher than the safe limits by the internationally commission on radiological protection (ICRP 2000). However, these values of background ionizing radiation within the Rumuosi and Choba villages are slightly lower than the safe limits by (ICRP2000) of 0.013mR/h. Fig 5 shows that the statistical view of average background radiation level in Rumuosi (0.010±0.0013 mR/h)is lower than the average radiation level in Choba (0.0100±0.0094 mR/h) both of which are slightly lower than the standard safe limits of 0.013 mR/h by United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR 2000).
The sample areas in the two locations had an absorbed dose varying from 69.6 to 104.4 nGy/h with a mean value of 87.00±11.6nGy/h and 69.6 to 95.7nGy/h with an overall mean value of 87.00±8.20nGy/h respectively. Tallying with the report [4] whose values were slightly higher than the world safe limit, these measured values of absorbed dose rate within the locations slightly lower than the recommended safe limits by (ICRP 2000) of 89.0nGy/h have tendencies of exceeding the safe limit increasing the likely occurrence of health deviations from exposure to the people of these areas. Fig 6 shows that the statistical view of the absorbed dose level in Rumuosi is higher than that of in Choba both of which are higher than the safe limits by UNSCEAR 2000.
The sample areas in the two locations also had an annual effective dose rate ranges from 0.11 to 0.16 mSv/y with an overall mean value of 0.133±0.06mSv/y and 0.11 to 0.15 with an overall mean value of 0.133±0.01337mSv/y respectively. In comparison with [2] whose measured value for the annual effective dose was recorded to be 0.828mSv/y which is higher than the measured values in this work and the measured values from this work are all lower and within the recommended world acceptable safe limits of 1.0 mSv/h by the (ICRP,2000). This indicates that the people within the sample location may not be exposed to any radiological hazards due to absorbed dose. Fig 7 shows that the statistical view of annual effective dose rate Choba is lower than that of Rumuosi. Both of which are slightly lower than the standard safe limits of 1.0 mSv/y UNSCEAR 2000. 
The sample areas in the Rumuosi and Choba villages had the excess lifetime cancer risk ranged from 0.37×10ˉ³ to 0.56×10ˉ³ with an overall mean value of 0.47±0.063×10ˉ³ and 0.37 ×10ˉ³ to 0.51×10ˉ³ with an overall mean value of 0.47±0.043×10ˉ³, respectively. Similar to [1], these findings are higher than the acceptable safe limits of 0.29×10ˉ³ by the ICRP 2000. Fig 8 shows that the statistical view of Excess Lifetime Cancer Risk of Choba is lower than that of Rumuosi. The average computed Excess Lifetime Cancer Risk for Rumuosi is higher than the world average, while that of Choba is slightly lower than the world average by UNSCEAR 2000. These values, however, does not show any observed radiological health effects within the population.
4. CONCLUSION
The computed radiological parameters of background ionizing radiation for Rumuosi and Choba villages are lower than the world standard except the excess lifetime cancer risk of Rumuosi which is higher than the world standard of 0.29×10ˉ³ and the value of the absorbed dose is higher than the world limit of 89.0nGy/h. while the results indicate that persons who trade in these sample areas may not likely face the risk of exposure to ionizing radiation, the Rumousi residents are to tread cautiously as the prolonged subjection to BIR increases vulnerability to induced cancer. Subsequently, periodic evaluation of BIR levels and structured awareness measures should be employed by concerned individuals, professionals, health institution and government and government parastatals are proposed as preventive strategies in these areas. However, presently there is no indication of risk of the effect of cancer among the population due to exposure to background ionizing radiation.
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Exposure Rate	RUK	ALU	1.0699999999999999E-2	1.0699999999999999E-2	UNSCEAR Standard	RUK	ALU	1.3299999999999999E-2	1.3299999999999999E-2	


Absorbed Dose	RUK	ALU	91.64	92.51	UNSCEAR Standard	RUK	ALU	89	89	
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ELCR	RUK	ALU	0.19	0.49	World Average	RUK	ALU	0.28999999999999998	0.28999999999999998	
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