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Abstract: A “Radiation Alert Inspector” survey meter was the instrument of choice used in measuring and 

obtaining the indoor ionizing radiation profile placed at 22 selected presumable hotspots of increase radiation 

(coded A1-A22) as identified by a global positioning system within the Radiology department of Federal 

Medical Centre (FMC) Asaba. Values obtained from the measurements were converted from micro Sievert per 

hour (µSv/hr) to mili Sievert per year (mSv/yr). The calculated mean indoor post exposure dose value was in the 

range of 0.09 – 0.20 µSv/hr (0.60-2.01 mSv/yr). The highest point with increased radiation dose was found to be 

in the diagnostic x-ray room (2.01±4.11 mSv/yr), while the lowest point was detected at the intern’s common 

room with a value of 0.60±0.3 mSv/yr. The overall mean of the Mean Indoor Post Exposure (mMIPE) was 

arrived at 0.88±0.28mSv/yr. Base on the aforementioned findings, it was deduced that radiation level were kept 

within permissible radiation limit as stipulated by the ICRP  and UNSCEAR of 1mSv/yr and thus, FMC Asaba 

can be said to be Radiologically safe.   
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I. Introduction 
We meet radiation in our daily lives in different forms and intensities (Solomon et al., 2000, IAEA, 

2004). Radiation is generally categorized into ionizing and non-ionizing radiation. Ionizing radiation have 

energies sufficient enough to eject biologic molecules e.g. cosmic, protons, neutrons, alpha, beta, gamma and x-

rays, while non-ionizing radiation cannot ionize biologic molecules owing to their low energies e.g. ultraviolet 

(UV-A & UV-B) visible ray, microwave, infra-red and Radiofrequency (RF) wave (Karma and Erondu, 2012). 

Natural or background radiation is the radiation of man’s natural environment and categorized into 3 

types namely primordial, cosmogenic and anthropogenic. Primordial sources are found in the earth’s crust and 

in the general environment; cosmogenic is when cosmic rays interacts with elements in the atmosphere and 

eventually gets deposited on both wet and dry depositions. Anthropogenic sources are regarded as background 

sources due to their presence everywhere (UNSCEAR, 2008). 

It has been estimated that around 82-85% of man’s exposure to ionizing radiation generally comes 

from natural sources and depending on the geology, altitude, construction material used and diet; man’s average 

dose per annum is around 1-3mSv. Radioactive nuclide from the earth crust forms a larger part of the 

background radiation. E.g. 
40

potassium, 
238

Uranium, 
232

Thorium, 
87

Rubidium, 
222

Radium, (Appleton, 2004; 

Briggs-Kamara & Erondu, 2012). Apart from the natural sources of radiation exposed to man, an estimate of 18-

20% of ionizing radiation are generated as a result of scientific and technological improvements, out of which 

medical uses (for diagnosis and therapy) form the majority (WNA 2015; ATSDR, 2015). 

X-radiation forms the largest source of man-made radiation to the world population due to this, its 

effect has been broadly divided into stochastic and non-stochastic (IAEA, 2003), Stochastic effect have no 

threshold of occurrence while non-stochastic effects have threshold values of occurrence below which no effect 

is demonstrated (ICRP, 2005). 

Radiation induced injuries like erythema and ulcerations to the skin were the first earliest reported 

cases in 1896, while cases like cancer of the skin were reported in 1902 (Briggs-Kamara & Erondu, 2012). In 

114 documented cancer cases, medical and technical staff were mostly affected, while a documented case of 359 

radiologist died due to radiation induced cancer of the skin and bone. The effects of ionizing radiation has been 

known at higher levels with an ongoing debate as to whether it has beneficial effects at low levels (radiation 

hormesis) (Chad-Umoren et al., 2006; Fairlie, 2013). 
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Several studies has been conducted in different parts of Nigeria to ascertain levels of environmental 

ionizing radiation and its possible health effect on the public, as such, this study aims to assess the level of 

indoor ionizing radiation at the federal medical centre Asaba and to compare the findings with documented 

guidelines on radiation protection and safety. 

 

II. Methodology 
A well calibrated pocket sized “Radiation Alert Inspector” survey meter with serial number 15823 

USA, was the instrument used in measuring the indoor ionizing radiation profile for this study; it was fully 

optimized with ability to detect low levels of different radiation (alpha, beta, gamma and x-rays). The radiation 

inspector uses a pancake tube which is a 2-inch window Geiger tube. On the front is a small radiation symbol 

signifying the centre of the Geiger tube. A global positioning system was used to determine the position for the 

data collection. The study was carried out at the department of Radiology Federal Medical Centre (FMC), 

Asaba, Delta state for a period of six months commencing from November 2015 – May, 2016. A prospective 

experimental study design was used. Twenty-two points were selected of presumable high radiation dose using 

convenient sampling technique. In the procedure for obtaining the data, the radiation inspector was positioned at 

1m above the ground level and 6cm from the wall for uniformity (Chad-Umoren et al., 2006; Sadiq & Agba, 

2012). Three readings were recorded for both background and post exposure measurements of the selected 

points. For measurements of the post exposure, the factors utilized were ones used for chest x-ray of an average 

70kg patient under erect conditions for the background readings. It was obtained when no exposure was going 

on at all or when the machines were switched off. With the said meter in position during exposure and 

measurements recorded 10 seconds after termination of the exposure button, the post exposure measurement 

was obtained. 

A data captured sheet was used in recording values obtained. The equivalent dose readings were 

initially recorded in mili-Roentgen per hour (mR/hr) and converted into micro-Sievert per hour (µSv/hr), then to 

mili-Sievert per year (mSv/yr). An occupancy factor of 0.8 was recommended by the UNSCEAR (2000). The 

number of hour in a year was calculated based on 24 hour a day and multiplied by 365 days in a year = 

8760hr/yr 

To convert the dose rate from µSv/hr to mSv/yr; 

Indoor = X µSv/hr × 8760 × 0.8 = Mean Indoor per year. 

All data were analysed using SPSS version 16.0 (SPSS. Inc Chicago USA) 

 

III. Result 
Table 1. Shows result of the Mean Indoor Background dose rate (MIB) and the Mean Indoor Post 

Exposure (MIPE) dose equivalent values in μSv/hr and their conversions into mSv/year. The mean indoor 

background values ranged from 0.09-0.14µsv/hr (0.66-0.97msv/yr). The overall mean MIB reading was 

0.11±0.01µsv/hr (0.79±0.79msv/yr). 

The values for the mean indoor background readings were consistently lower than the mean indoor post 

exposure readings. 

The mean indoor post exposure dose equivalent readings ranged from 0.09-0.29μSv/hr (0.60 to 

2.01mSv/year). The lowest reading obtained was from the intern’s common room of 0.60±0.31mSv/year, and 

the highest reading of 2.01±4.11mSv/year was obtained at a point in the diagnostic x-ray room 1. However the 

mean for MIPE was 0.88±0.28mSv/year. 

Table 2. Shows a comparison of the readings recorded in this study with other readings obtained in 

other studies in various locations in Nigeria. 
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Table 1. Shows Indoor dose equivalent reading 

 

 
                  MIB - Mean Indoor Background readings 

                  MIPE –Mean Indoor Post Exposure readings 

 

Table 2: Compares present study readings with previously conducted studies in Nigeria 
LOCATIONS INDOOR REFERENCE 

 

Maiduguri, Borno state 

0.05±0.01µsv/hr 

(0.36±0.001msv/yr) 

Okedayo et al.,2015 

Bori, Rivers state            (i) 
                                       (ii) 

0.93±0.13msv/yr 
1.22±0.10msv/yr 

 
Ononugbo & Nwic 2015 

Jos-A                              (i) 

                                       (ii) 

2.111msv/yr 

2.733msv/yr 

 

Jwanbot et al., 2012 

Kwali, Abuja 0.107±0.003 James et al., 2015 

Jos-B 0.256µsv/hr 

(1.54msv/hr) 

 

Masok et al., 2015 

Illorin, Kwara state 1.60±0.26msv/yr Nwankwo et al., 2014 

Keffi, Nassarawa state 1.08msv/yr Sadiq&Agba 2012 

Port Harcourt, Rivers state 0.146±0.02 Okoye et al., 2013 

Lagos-A 0.2-2µsv/hr Oluwafisoye et al., 2010 

Lagos-B 0.2-1.5µsv/hr Oluwafisoye et al., 2010 

 

Asaba, Delta state 

0.13±0.04µsv/hr 

(0.88±0.28msv/yr) 

Current study 

 

IV. Discussion 
In the study conducted, the mean indoor post exposure (MIPE) values obtained were consistently 

higher than the mean indoor background (MIB) values except for the MIB value recorded at a point in the 

darkroom (0.97±2.22). The average difference between the mean indoor post exposure (MIPE) and mean indoor 

background (MIB) radiation dose is 0.09msv/year. 

The results obtained were still below the limits of 1msv/year as recommended by UNSCEAR and 

ICRP for radiation exposure of the general public globally (European Commission, 1999; ICRP, 2005; EPA, 

2014). 

The findings recorded in this study were still lower as compared to findings conducted to determine the 

indoor radiation exposure in various parts of Nigeria, (Ononugbo & Nwic, 2015; Jwanbot et al., 2012; 

Nwankwo et al., 2014; Sadiq & Agba, 2012).  
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This may be due to the geological factors and type of building materials used, (Hulka et al., 2008).In 

places like Jos, Plateau state, where previous mining activities were carried out, it may not be surprising of 

detecting increased levels of radioactivity (Jwanbot et al., 2012), whereas, mining activities was never 

conducted in this area of study.  

Although, readings acquired in this study were still within the low dose range of exposure, however, it 

could be considered significant because the study was carried out when only Conventional Radiography 

procedures were accomplished. This has been documented in a study by Fazel et al., (2009), to contribute to 

around 10% of the effective radiation per dose. Higher readings should be expected when computed tomography 

(CT) and nuclear medicine units are in place and use (Fazel et al., 2009). 

Quality control and assurance testing is recommended to continuously assess the functionality of the x-

ray equipment in this locality. 

However, studies carried out in the North Eastern part of Nigeria by Okedayo et al., (2015), reported 

lower readings than the result obtained in this study, this could be due to variation in geographical 

location/conditions and/or equipment used. 

 

V. Conclusion 
In the study conducted, it shows that the mean indoor background (MIB) reading to be lower than the 

mean indoor post-exposure radiation dose level, but below the internally recognized standard values. The post 

exposure dose level is also seen below values established in a number of radiology units in Nigeria. Thus, 

F.M.C, Asaba is considered Radiologically safe. 

As part of recommendation, regular and periodic monitoring of the background ionizing radiation level 

is recommended to assess the health risk of staff, patients and the general public. Outdoor background radiation 

profile level should also be assessed and the radioactivity index of the building materials used in the structural 

construction of the department should be evaluated. 
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