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Abstract 

This study presents the results of ambient radioactive radiation, radiation health hazard indices and excess lifetime 
cancer risk estimation around radiological sections in Federal Teaching Hospital Gombe, Gombe State, Nigeria using a 
well calibrated Rados-200 meters and a Global Positioning System (Garmin 765). The mean annual outdoor equivalent 
dose of 0.078 mSv/y. was measured. Mean annual outdoor effective doses of 0.1358 mSv/y. and 0.0950 mSv/y. were 
computed respectively, that were less than 1 mSv/y. maximum recommended limit for general public. The mean 
outdoor ELCR values of 0.3330 x10-3 was also estimated. The results though below the world’s average, are comparable 
with those of some other locations similar to the study area.  

Keywords: Equivalent Dose; Effective Dose; Excess Lifetime Cancer Risk; Federal Teaching Hospital Gombe 

1. Introduction

The background radiation that affects humans comes from both natural and artificial sources. Generally, natural 
radionuclides of both terrestrial and cosmogenic origin account for 85% of a person's yearly total radiation dosage 
[1][2]. Ionizing radiation has been used in medicine more and more, and it is now widely recognized as a crucial tool for 
both diagnosis and treatment. The enormous benefits that patients receive from well performed operations have 
encouraged the extensive use of medical radiography, which has led to the medical radiation exposures becoming a 
significant portion of the population's overall radiation exposure. Medical exposures are currently the most significant 
single source of ionizing radiation in the majority of developed nations with established healthcare systems [2]. Because 
of the recognized effects of high dosages, radiation from hospitals and medical research facilities has been a major 
source of worry. The increase in background ionizing radiation (BIR) and radiation levels of patients as well as many 
occupational workers has been attributed to the exposure of patients to radiographic examinations, including 
computerized tomography, fluoroscopic procedures, dental diagnosis, and routine exposure to x-rays [3]. Inhaling 
radionuclides and long-term radiation exposure have detrimental impacts on one's health [4]. Radiation exposure has 
been linked to a number of medical procedures, including x-rays, computed tomography scans, mammograms, and other 
radiological tests. This has led to a rise in background radiation, which has an adverse impact on both the public and 
the workforce. According to a number of reports, normal routine monitoring may be able to lessen the potential 
radiological effect or problem that patients and staff may face in and around radiological examination sites. James et al 
[5] investigated the monitoring of background ionizing radiation levels both indoors and outdoors at Kwali General
Hospital in Abuja. The results are generally within the standard permissible limits established by the International
Commission on Radiological Protection (ICRP) and the area is radiologically safe. The mean dose equivalent ranged
from 0.100±0.001 Sv/hr to 0.122±0.003 Sv/hr with an average of 0.108±0.003 Sv/hr for outdoor measurement. The
radiation levels in some X-ray centers in Owerri, Imo state, Nigeria, were assessed in 2016 by Orji et al. [6]. The results
from various medical and diagnostic facilities showed that the background ionizing radiation levels were comparatively
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low. Exposure to radiation have been recorded in several medical procedures such as x-ray, computed mammography 
and ultrasound have in turn increase the background radiation which has advance effect on the workers and the public. 

2. Radioactivity Measurements 

Humans do not possess any sense organs that can detect ionizing radiation. There are no ionizing radiation-detecting 
sense organs in the human body. The in-situ measurements of background radiation from the outdoor sections of 
Federal Teaching Hospital Gombe (FTHG) was carried out in an undisturbed manner. These were accomplished using 
the Rados-200 Universal Survey Meter, a well-calibrated radiation monitoring equipment, with the model number RDS-
200 and serial number 300091. The instrument was calibrated to detect and measure equivalent dosage in (µSvhr-1). 
Each time radiation enters the tube, it causes ionization to result in a pulse current. Every pulse is detected and 
electronically counted. The radiation meters were programmed to measure exposure rate in micro-Sievert per hour 
(µSvhr-1) and were calibrated with a source of a particular energy. The meter has a ±15% accuracy. For this study, the 
radiation measurement, powered by a 9V battery, was set to the µSvhr-1 range. Additionally, the research locations were 
geographically identified using a GPS device to determine their latitude and longitude. 

2.1. System of measurements 

A total of 4 (four) departments locations within the study area were selected for the experiment. They include; 
Radiotherapy and Oncology, Radiology Department, Power Generating Unit and Pharmacy Department. Forty-eight (48) 
in-situ measurements were taken in the entire study area by holding the radiation monitor 1 m above the ground for 
each target time and in each department a concentric outdoor pattern (FBRL, where F-Front, B-Back, R-Right, L-Left) 
were considered at distances 0 m (Source-just by the building wall), 2 m and 5 m away. The mean value was calculated 
with standard deviation estimated. 

2.2. Radiation indices measurements 

Medical procedures and the presence of radioactive elements such as Potassium-40, Thorium-232, Radium-226, and 
Cobalt-60 in the environment expose workers and the general public to radioactive radiations, including gamma rays 
and alpha particles [7]. The impact of doses accumulated as a whole is influenced by these factors and others. Radiation 
indices such as equivalent activity or equivalent dosage, annual equivalent dose, outdoor and indoor doses, annual 
effective dose, and excessive lifetime cancer risk were monitored and calculated in order to quantify in a single 
parameter. 

2.2.1. Equivalent Dose Rate 

Considering the expression given by Tayyeb et al and UNSCEAR [8][9], the mean equivalent dose rate in μSv/hr obtained 
from processing the in-situ measurement was used to compute the corresponding annual equivalent dose rate in mSv/y. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑂𝑢𝑡𝑑𝑜𝑜𝑟 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝐷𝑜𝑠𝑒 𝑅𝑎𝑡𝑒, 𝐴𝐸𝐷𝑅 (𝑚𝑆𝑣/𝑦) =  𝛿 × 𝜇 × 24 × 365 × 10−3 1 

Where: δ = Equivalent dose rate (µSv/hr), µ= Occupancy factor, 0.2 for outdoor. Therefore, we apply the calculations 
below to get the outdoor annual equivalent dose rate. 

2.3. Annual Effective Dose Equivalent (AEDE) 

Radiation absorbed dose estimates the radiation energy that might be received by a possible exposed person as a result 
of a certain exposure by measuring the amount of energy absorbed per unit mass. The amount effective dose equivalent 
is used for whole-body exposure to calculate the dose that was absorbed entirely by the body. In radiation assessment 
and protection, the annual effective dose equivalent (AEDE) is used to calculate the annual dose absorbed by the entire 
body. With the outdoor occupancy factor of 0.2, the conversion factor (0.7 Sv/Gy) from absorbed dose rate in air in 
nGy/h to effective dose rate in mSv/y is used to estimate the AEDE. The following expressions were used to determine 
the AEDE [2][10] UNSCEAR and Etuk et al. 

Outdoor AEDE(mSv/y) = 𝐷𝑜𝑢𝑡(nGy/h) x 8760 (h) x 0.2 x 0.7 Sv/Gy x 10−3 ……………. 2 

Where, 

𝐷𝑜𝑢𝑡(
𝑛𝐺𝑦

ℎ
) =

𝐸𝐷𝑅𝑂 ×(
𝑢𝑆

𝑦
) × 10−7

𝑄
 ……….. 3 
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Where Q is the quality factor which equals unity  

2.4. Excess Life Cancer Risk (ELCR) 

Although there is no proof of radioactive component outbreaks, the possibility of workers and study area residents 
developing cancer in this environment can be used to compute excess lifetime cancer risk (ELCR). According to the 
Linear No Threshold (LNT) hypothesis, extrapolation from indication sustained, high-dose reactions to low-dose 
responses, all acute ionizing radiation exposures down to zero are detrimental [11]. No matter how low the dosage rate, 
the harm is proportionate to the dose and accumulates over time [12]. This study concentrates on the conventional late 
(stochastic) outcomes of international radiation safety standards that are centered on the LNT hypothesis [13]. The 
ELCR (Excess Lifetime Cancer Risk) equation was estimated using the annual effective dose. 

ELCR = AEDE × Average duration of life(DL) × 𝑅𝑖𝑠𝑘𝑓𝑎𝑐𝑡𝑜𝑟(𝑅𝐹) … … … … … … .4 

where AEDE, DL and RF is the annual effective dose equivalent, duration of life (70 years) and risk factor (𝑆𝑣−1), fatal 
cancer risk per sievert. 

ICRP 60 adopts values of 0.05 for the public exposure for low dose background radiation that was thought to create 
stochastic effects [4][14].  

3. Results 

Table 1 Outdoor Background Ionization Radiation of Radiotherapy and Oncology 

Distance  Mean Background 
radiation equivalent 
dose (µSv/hr) 

Annual outdoor 
equivalent dose 

Absorbed 
dose Do 
(nGy/h) 

Annual 
effective dose 
(mSv/y) 

Excess lifetime 
cancer risk (10-

3) 

Source 

L 0.09±0.02 0.1577 0.00009 0.1104 0.3863 

R 0.12±0.03 0.2161 0.000123 0.1513 0.5294 

F  0.10±0.02 0.1694 9.67E-05 0.1186 0.4149 

B  0.07±0.03 0.1168 6.67E-05 0.0818 0.2862 

Mean 0.09±0.02 0.1650 9.42E-05 0.1155 0.4042 

 2 m away 

L 0.07±0.03 0.1285 7.33E-05 0.0899 0.3148 

R 0.08±0.01 0.1343 7.67E-05 0.0940 0.3291 

F 0.06±0.02 0.1051 0.00006 0.0736 0.2575 

B 0.08±0.03 0.1343 7.67E-05 0.0940 0.3291 

Mean 0.07±0.01 0.1256 7.17E-05 0.0879 0.3076 

5 m away 

L 0.08±0.03 0.1343 7.67E-05 0.0940 0.3291 

R 0.10±0.02 0.1694 9.67E-05 0.1186 0.4149 

F 0.08±0.03 0.1460 8.33E-05 0.1022 0.3577 

B 0.07±0.02 0.1285 7.33E-05 0.0899 0.3148 

Mean 0.08±0.01 0.1445 8.25E-05 0.1012 0.3541 

Mean  0.09 0.1577 0.00009 0.1104 0.3863 
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Table 2 Outdoor Background Ionizing Radiation of Radiology Department FTHG 

Distance  Mean Background 
radiation equivalent 
dose (µSv/hr) 

Annual outdoor 
equivalent dose 

Absorbed dose 
Do(nGy/h) 

Annual 
effective dose 
(mSv/y) 

Excess lifetime 
cancer risk (10-

3) 

Source 

L 0.08±0.01 0.1402 0.00008 0.0981 0.3434 

R 0.07±0.02 0.1226 0.00007 0.0858 0.3005 

F  0.07±0.01 0.1226 0.00007 0.0858 0.3005 

B  0.07±0.01 0.1226 0.00007 0.0858 0.3005 

Mean 0.07±0.01 0.1270 7.25E-05 0.0889 0.3112 

 2 m away 

L 0.07±0.02 0.1226 0.00007 0.0858 0.3005 

R 0.06±0.03 0.1110 6.33E-05 0.0777 0.2719 

F 0.09±0.02 0.1518 8.67E-05 0.1063 0.3720 

B 0.07±0.01 0.1168 6.67E-05 0.0818 0.2862 

Mean 0.07±0.01 0.1256 7.17E-05 0.0879 0.3076 

5 m away 

L 0.08±0.01 0.1402 0.00008 0.0981 0.3434 

R 0.07±0.02 0.1168 6.67E-05 0.0818 0.2862 

F 0.08±0.02 0.1343 7.67E-05 0.0940 0.3291 

B 0.06±0.03 0.1110 6.33E-05 0.0777 0.2719 

Mean 0.07±0.01 0.1256 7.17E-05 0.0879 0.3076 

Mean  0.07 0.1226 0.00007 0.0858 0.3005 

 

Table 3 Outdoor Background Ionizing Radiation of Power Generating Unit FTHG 

Distance  Mean Background 
radiation 
equivalent dose 
(µSv/hr) 

Annual outdoor 
equivalent dose 

Absorbed 
dose 
Do(nGy/h) 

Annual 
effective dose 
(mSv/y) 

Excess lifetime 
cancer risk (10-

3) 

Source 

L 0.10±0.03 0.1810 0.000103 0.1267 0.4435 

R 0.09±0.02 0.1518 8.67E-05 0.1063 0.372 

F  0.09±0.03 0.1518 8.67E-05 0.1063 0.372 

B  0.08±0.03 0.1343 7.67E-05 0.0940 0.3291 

Mean 0.09±0.01 0.1548 8.83E-05 0.1083 0.3792 

 2 m away 

L 0.04±0.02 0.0759 4.33E-05 0.0531 0.186 

R 0.08±0.03 0.1343 7.67E-05 0.0940 0.3291 

F 0.09±0.03 0.1635 9.33E-05 0.1145 0.4006 

B 0.07±0.02 0.1285 7.33E-05 0.0899 0.3148 

Mean 0.07±0.02 0.1256 7.17E-05 0.0879 0.3076 

      

5 m away L 0.08±0.01 0.1343 7.67E-05 0.0940 0.3291 
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R 0.08±0.02 0.1402 0.00008 0.0981 0.3434 

F 0.06±0.02 0.1051 0.00006 0.0736 0.2575 

B 0.08±0.03 0.1402 0.00008 0.0981 0.3434 

Mean 0.07±0.01 0.1299 7.42E-05 0.0910 0.3184 

Mean  0.07 0.1226 0.00007 0.0858 0.3005 

 

Table 4 Outdoor Background Ionizing Radiation of Pharmacy Department FTHG 

Distance  Mean Background 
radiation equivalent 
dose (µSv/hr) 

Annual outdoor 
equivalent dose 

Absorbed 
dose 
Do(nGy/h) 

Annual 
effective dose 
(mSv/y) 

Excess lifetime 
cancer risk 
(10-3) 

Source 

L 0.07±0.01 0.1226 0.00007 0.0858 0.3005 

R 0.11±0.02 0.1986 0.000113 0.1390 0.4865 

F  0.05±0.03 0.0934 5.33E-05 0.0654 0.2289 

B  0.08±0.02 0.1343 7.67E-05 0.0940 0.3291 

Mean 0.08±0.03 0.1372 7.83E-05 0.0961 0.3362 

 2 m away 

L 0.09±0.02 0.1577 0.00009 0.1104 0.3863 

R 0.08±0.02 0.1343 7.67E-05 0.0940 0.3291 

F 0.09±0.01 0.1518 8.67E-05 0.1063 0.3720 

B 0.09±0.03 0.1518 8.67E-05 0.1063 0.3720 

Mean 0.09±0.01 0.1489 0.000085 0.1042 0.3649 

5 m away 

L 0.10±0.03 0.1752 0.0001 0.1226 0.4292 

R 0.07±0.02 0.1285 7.33E-05 0.0899 0.3148 

F 0.06±0.02 0.1051 0.00006 0.0736 0.2575 

B 0.11±0.02 0.1927 0.00011 0.1349 0.4722 

Mean 0.09±0.02 0.1504 8.58E-05 0.1053 0.3684 

Mean  0.08 0.1402 0.00008 0.0981 0.3434 

 

Table 5 Summary of the mean concentric outdoor background radiation doses and other radiation parameters  

Departments Mean Background 
radiation 
equivalent dose 
(µSv/hr) 

Annual 
outdoor 
equivalent 
dose 

Absorbed 
dose 
Do(nGy/h) 

Annual 
effective dose 
(mSv/y) 

Excess lifetime 
cancer risk 
(10-3) 

Radiotherapy and Oncology unit 0.09 0.1577 0.00009 0.1104 0.3863 

Radiology unit 0.07 0.1226 0.00007 0.0858 0.3005 

Power Generating unit 0.07 0.1226 0.00007 0.0858 0.3005 

 Pharmacy unit 0.08 0.1402 0.00008 0.0981 0.3434 

Mean 0.078 0.1358 0.00008 0.0950 0.3330 
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Figure 1 Contour 3D showing the distribution of outdoor background radiation equivalent dose (µSv/hr) 

4. Discussion 

Based on the estimation carried out and reported in Tables 1 to 4 the values of background radiation equivalent doses 
ranges from 0.08±0.01 (5 m) to 0.09±0.02 µSv/hr. (source) in Radiotherapy and oncology unit, 0.07±0.01 (5 m) µSv/hr. 
in all distances around radiology unit, 0.07±0.01 (5 m) to 0.09±0.01 µSv/hr. (source) in Power generating units and 
0.08±0.03 (Source) to 0.09±0.02 µSv/hr. (5 m) in Pharmacy unit respectively. The equivalent dose measured for the 
outdoor areas in all the unit’s ranges between 0.07 to 0.09 µSv/hr. with the mean value of 0.078 µSv/hr. The results are 
as shown in Table 5 respectively. The results may be attributed to the sum up of ionizing radiation coming out through 
the openings from the radiological sections and the outdoor background radiation. This result shows that exposure to 
background radiation equivalent dose in all the sample points of the study area contributes insignificantly to the 
radiation dose in the nearby environment. Fig. 1 represents the radiation 3D contour of the entire study areas. The 
relative spacing of the contour lines indicates the relative slope of the surface. Fig. 1 shows the distribution of 
background radiation equivalent dose of high value of 0.10 µSv/hr. and above in the areas bounded by latitudes 110.138′ 
to 110.142′ and longitudes 100.284′ to 100.298′ and the areas include Radiotherapy and Oncology unit, Radiology unit, 
Power Generating unit and Pharmacy unit of the Federal Teaching Hospital Gombe State. These areas are characterized 
with sharp spikes of steady hilly zones of the Federal Teaching Hospital Gombe State in light to deep blue color with 
elevated background radiation equivalent doses of 0.09 - 0.11 µSv/hr. in Radiotherapy and Oncology unit while lowland 
distribution areas of the oil spill sites are yellow colored with background radiation equivalent dose 0.04 - 0.07 µSv/hr. 
in Power Generating unit. The distribution of doses in the study area indicates high value around the Radiotherapy and 
Oncology unit of the study area. Many factors such proper shielding and compliance with protection regulations, may 
have contributed to the low-level of doses obtained in the study area, as a diagnostic procedure do takes place in the 
indoor environment. The annual equivalent dose was estimated from the background equivalent radiation dose values 
using equation (2). The results were shown in Tables 1-4 and Table 5 as summary respectively. The values ranges from 
0.1226 to 0.1577 mSv/y with a mean values of 0.1358 mSv/y. The relative high values obtained in the outdoor 
environment could be related to leakages from the radiological machine pipes which might lead to increase in the 
ionizing radiation. The values obtained were far less than the range reported by Oladele and Arogunjo [15] for a study 
in radiology department across Ondo areas whose values were 0.63±0.32 to 1.17 ±0.45 mSv/y. The results obtained 
were below the value stipulated by UNSCEAR for world average equivalent dose of 2.4 mSv/y for human being [2]. 
Similarly, for the general public, the results of the study areas were below the recommended annual stochastic limit of 
1 mSv/y as reported by Lewis et al [16]. The total time in the outdoor area which an individual is exposed to the 
radiation doses within the study areas was estimated by employing the relation for the outdoor annual effective dose. 
As shown in Table 5, the summary value obtained ranges from 0.0858 to 0.1104 mSv/y. with a mean value 0.0950 
mSv/y, the values in every unit were higher than the world’s average of 0.07 mSv/y stated in Qureshi et al (2014) report 
[17]. The results show that the highest annual effective dose rates was obtained in Radiotherapy and oncology unit of 
the study area and the least values were obtained in the Power generating unit of the areas respectively. The mean 
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annual effective doses were observed to less than the criterion limits of 1 mSv/y stipulated by ICRP-60 for the general 
public and 20 mSv/y for occupational workers. The excess lifetime cancer risk (ELCR) which is the product of the annual 
effective dose value was estimated using the assumption of Linear No Threshold (LNT) for the outdoor locations of the 
study areas. The values ranges from 0.3005 x 10-3 to 0.3863 x 10-3 with a mean value of 0.3330 x 10-3. These high values 
of ELCR could be attributed to possibility of machines producing some level of radiation when they are energized 
coupled with other radiation background source in the outdoor environment. The study areas were within Federal 
Teaching Hospital Gombe State where structure of new buildings including other laboratories are being carried out with 
various types of building materials such as different rocks, metal rods, paints, metals, cement and different soil types: 
sand, gravels, granites and others being brought in for building activities. These and other materials could contribute to 
background radiation concentration and radioactivity, influencing the equivalent radioactive dose and effective dose, 
hence excessive lifetime cancer risk. 

5. Conclusion 

The medical examination or diagnostic procedures have contributed to the background radiation dose in the study 
areas, therefore, varied equivalent doses which in turn affected other radiation indices. The following conclusion was 
made that the mean equivalent dose for the outdoor measurements were below the world average radiation exposure 
dose rate. The annual equivalent dose estimated were within the recommended value by UNSCEAR. The annual effective 
doses and excess lifetime cancer risks were higher than the recommended values by UNSCEAR and world average.  
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