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Abstract 
In this study, the radiological hazard indices due to radiation exposure of some modern houses in 
Keffi, Nasarawa State were investigated. An in -situ measurements of the exposure level were made 
using Radex radiation meter model RD 1212. The radiological hazards indices evaluated were 
absorbed dose rate (ADR), outdoor annual effective dose rate and the excess cancer lifetime risk. The 
mean exposure obtained for the modern houses and its surroundings ranged between 0.05 to 0.09 
μSv/h and the corresponding calculated ADR ranged between 0.088 to 0.158mSv/yr, while the 
calculated outdoor AEDR is 6.13 x 10-5 to 1.10 x 10-4mSv/yr. The estimated excess lifetime cancer 
risk due to gamma radiation at the modern houses and its environment is ranged between 2.15 x 10-4 
to 3.86 x 10-4. The results show that the modern houses and their surroundings within Keffi 
metropolis of Nasarawa State cannot pose any risk as the annual effective dose rate is below the 
acceptable dose limit of 1mSv/yr for the public and the excess lifetime cancer risk from the houses was 
below the 0.3mSv/yr. This indicates that the building materials that were used may not pose any 
significant radiation hazard to the people. 
 
Keywords: Modern houses, Background radiation level, Annual effective dose equivalent 
and Excess lifetime cancer risk. 

INTRODUCTION  
Background exposure from normal levels of the naturally occurring radioactive materials 
(NORMS) are present in all environmental materials and do not vary remarkably from place 
to place. Where human activities (Laboratory activities, pollution, mining and others) have 
increase the relative concentration of the radionuclides, they are refer to as the 
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technologically enhanced naturally occurring radioactive materials (TENORMS) (Akinloye 
& Olomo, 2005). The ambient radiation encompasses both the natural and artificial 
radioactivity in the environment (Alharbi et al., 2011). Survey taken by the World Health 
Organization (WHO) and the international commission on radiological protection (ICRP) 
shows that residents of temperate climates spend only about 20% of their time outdoor and 
about 80% indoor(homes, schools offices or other buildings) (Idris et al., 2021; Olubosede et 
al., 2012; Chibowski 2002). 
 
Materials used for building (soil and rock) are major source of radiation exposure to the 
population and also a means of migration for the transfer of radionuclide into the 
environment. Natural radioactivity in soil is mainly due to 238U, 40K, 226Ra which cause 
external and internal radiological hazards due to emission of gamma rays and inhalation of 
radon and it’s daughters (UNSCEAR, 2008). 222Rn results from radioactivity of uranium - 238 
and itself decays with a half life of 3.82days. When it is inhaled it penetrates into the lungs. 
It’s most dangerous daughters are the α- emitters (218Po and 241Po) which emits  -particles 
with high energy of 6.0 MeV and 7.69 MeV respectively. The continues deposition and 
interaction of such high energy particles with the lung leads to its damage and the incidence 
of lung cancer. It has been establish that chronic exposure to even low dose rate of nuclear 
radiation from an irradiated building has the potential to induce cytogenetic damage in 
human beings (Kalia& Flora, 2005; Alharbi, et al., 2011). One of the radionuclide’s around 
man’s environment that contributes high amount of potential lethal dose is radon; which 
causes the majority of deaths resulting from lung cancer (Li et al., 2008). Of particular 
concern for indoor background ionizing radiation is the incidence of the invisible, odourless 
radioactive gas 222Rn which is a member of the Uranium radioactive series. Estimate shows 
that of the 2.4mSv/yr annual exposure from all ionizing sources, 40% is contributed by 
internal exposure to radon alone (Morgan & Sowa, 2007;Avwiri&Olatubosun, 2014). Most 
modern houses were built or constructed with imported materials and the interior design 
materials are also imported. These may pose risk when the materials contain traces of 
naturally occurring radioactive substance. The aim of this research is toassess the indoor and 
outdoor background radiation levels in some modern houses in Keffi metropolis, Nasarawa 
State. 
 
MATERIALS AND METHODS 
Study Area 
Keffiis located at Latitude 8050’23’’ N and Longitude 7052’12’’ E and has an area of 138 km2. 
Figure 1 and 2 shows the location of Nasarawa State in Nigeria and Keffi town in Nasarawa 
State respectively. Keffi is a local government head quarter in Nasarawa State that is widely 
known to be the home of Nigeria’s solid minerals. Nasarawa State has a sedimentary basin 
with the potential to add national oil reserve assets and is characterized by younger granite 
and is on the basement complex. Geological survey in Keffi area has indicated the 
availability of rare metals (Ta-Sn-Li-Be) at commercial scale in the area (Termizi et al., 2014).  
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Figure 1: Map of Nigeria showing Nasarawa State 
 
 

 
Figure 2: Map of Nasarawa State Showing study Area 

 
Method of Data Collection and Analysis 
Measurement of the exposure level was carried out using Radex (RD 1212) radiation survey 
meter which measured radiation absorbed dose rate in micro Seviert per hour (μSv/h). The 
meter was switched on and allowed to absorb radiation for a few seconds and the meter 
read at the highest stable point. For effective monitoring, the radiation meter was placed at 
the gonad level of 1m above ground level with the window of the meter directed towards 
the four different direction (North, South, East, and West) and four readings were taken and 
the mean recorded. Readings were taken for both indoor and outdoor environment (two 
reading for outdoor and one reading for indoor). Measurements of exposure levels in this 
investigation were taken at 10 m interval (for outdoor) in the afternoon between the hours of 
1pm and 4pm for effective response of the meter to environmental radiation exposures 
according to the method of Inyanget al., (2009). 
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A total of thirty three location in some modern houses with one measurement from the 
inside of the houses and two measurement from the surrounding of each house were 
measured using Radex (RD 1212) radiation survey meter.Themeasured results (raw data) 
obtained from the modern houses around Keffi metropolis, wereanalysed and compare with 
regulatory standards. For effective computation of the experimental data from Exposure 
level (in µSv/hr) to other hazard parameters, the following formulas was used. 
 
Calculation of Radiological Hazards Indices 
The exposure (σ) measured in μSv/h is converted to annual absorbed dose rate ADR in 
mSv/yr according to equation 1 (Idris et al., 2021; Etuk, et al., 2015) 

   (
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)                                      (1) 

 
OF is the occupancy factor and absorbed dose is obtained in Gy/h from the measured 
exposure in µSv/h using the relationship 
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Q is the quality factor=1.0 for gamma radiation 
The annual effective dose rate (AEDR) per year received by workers and the population is 
obtained from equation 2 (UNSCEAR, 2000) 
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CF is the conversion factor of the absorbed dose in air to the effective dose. 
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OF is the occupancy factor, the expected period the members of the population would spend 
within the study area. OF = 0.2 for outdoor as it is expected that human beings would spend 
20 % of their time outdoors. Therefore AEDR for outdoor is obtained from equations 4 (Idris 
et al., 2021; Gupta and Chauhan 2011) 
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The excess lifetime cancer risk (ECLR) is calculated from equation 5; 
                            (6) 
 
Where DL is the duration of life (70 years) and RF is the risk factor, that is, the fatal cancer 
risk per Sievert. For stochastic effects ICRP 60 recommend RF = 0.05 for the public (Taskin, et 
al., 2009). 
 
 
RESULTS AND DISCURSIONS 
The data of exposure level was collected from modern houses in Keffi, Nasarawa State. 
Redex (RD 1212) was used to measure the background radiation level in µSv/h. The data of 
exposure levels are shown in Figure 1. The points (houses) where these data were collected 
are coded from A to L and numbered (1 to 3) with house appearing as the first letter. Points 
or houses with code 1 and 2 are data gotten from the measurement of background radiation 
level in the surroundings of the house, while those with code 3 are gotten from the interior 
of the houses considered.  
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Radiological parameters such as calculated annual absorbed dose rate(ADR), the annual 
effective dose rate (AEDR) and estimated excess cancer lifetime risk (ECLR) are calculated 
using equation 1 to 6 and are presented in Table 1. 

 
 

 
 

Figure1: Measured exposure level (µSv/h) 
 
Figure 1 shows the data of the exposure level in µSv/h. Highest exposure level was recorded 
in HA3, HC2, HE1, and HI2 with value of 0.09 µSv/h followed by Houses with code HA1, 
HC1, HJ2, HJ3, HK3, and HL2 with value of 0.08  µSv/h. The lowest value of exposure level 
was recorded in House with code HB2 with value of 0.05 µSv/h. 
The mean measured exposure σ, calculated annual absorbed dose rate(ADR), the annual 
effective dose rate (AEDR) and estimated excess cancer lifetime risk (ECLR) using equations 
1 – 6 are presented in Table 1. 
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Table 1: Measured exposure and calculated radiological hazards indices 
S/N House 

Code  
Geographical location  ADR 

(mSv/yr) 
D (nGy/h) AEDR 

outdoor 
(mSv/yr) 

ECLR 
outdoor  

1 HA1 8050’30”N 7052’05”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

2 HA2 8050’30”N 7052’05”E 0.140 8.0x10-5 9.81x10-5 3.43x10-4 

3 HA3 8050’30”N 7052’05”E 0.158 9.0x10-5 1.10x10-4 3.86x10-4 

4 HB1 8050’53”N 7052’02”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

5 HB2 8050’53”N 7052’02”E 0.088 5.010-5 6.13x10-5 2.15x10-4 

6 HB3 8050’53”N 7052’02”E NA NA NA NA 

7 HC1 8050’07”N 7053’09”E 0.140 8.0x10-5 9.81x10-5 3.43x10-4 

8 HC2 8050’07”N 7053’09”E 0.158 9.0x10-5 1.10x10-4 3.86x10-4 

9 HC3 8050’07”N 7053’09”E NA NA NA NA 

10 HD1 8049’46”N 7055’19”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

11 HD2 8049’46”N 7055’19”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

12 HD3 8049’46”N 7055’19”E NA NA NA NA 

13 HE1 8051’25”N 7052’27”E 0.158 9.0x10-5 1.10x10-4 3.86x10-4 

14 HE2 8051’25”N 7052’27”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

15 HE3 8051’25”N 7052’27”E 0.123 7.0x10-5 8.58x10-5 3.0010-4 

16 HG1 8050’27”N 7052’39”E 0.123 7.0x10-5 8.58x10-5 3.0010-4 

17 HG2 8050’27”N 7052’39”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

18 HG3 8050’27”N 7052’39”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

19 HH1 8049’44”N 7052’57”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

20 HH2 8049’44”N 7052’57”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

21 HH3 8049’44”N 7052’57”E NA NA NA NA 

22 HI1 8049’34”N 7052’39”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

23 HI2 8049’34”N 7052’39”E 0.158 9.0x10-5 1.10x10-4 3.86x10-4 

24 HI3 8049’34”N 7052’39”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

25 HJ1 8051’31”N 7052’15”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

26 HJ2 8051’31”N 7052’15”E 0.140 8.0x10-5 9.81x10-5 3.43x10-4 

27 HJ3 8051’31”N 7052’15”E 0.140 8.0x10-5 9.81x10-5 3.43x10-4 

28 HK1 8051’01”N 7054’07”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

29 HK2 8051’01”N 7054’07”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

30 HK3 8051’01”N 7054’07”E 0.140 8.0x10-5 9.81x10-5 3.43x10-4 

31 HL1 8049’52”N 7054’19”E 0.105 6.0x10-5 7.36x10-5 2.58x10-4 

32 HL2 8049’52”N 7054’19”E 0.123 7.0x10-5 8.58x10-5 3.00x10-4 

33 HL3 8049’52”N 7054’19”E NA NA NA NA 

Note: House with code 1 and 2 are exposure level for the surroundings of the houses while, Houses 
with code 3 are exposure level of the rooms 

 
 
The radiological hazard indices obtained from the dumpsite shows the mean exposure 
ranged between 0.05 μSv/h -0.09 μSv/h (Figure3) and the corresponding calculated ADR is 
ranged between 0.88 mSv/yr to 0.16mSv/yr, while the calculated outdoor AEDR ranged 
between outdoor are 6.13 x 10-5mSv/yr to 1.10 x 10-4mSv/yr. The corresponding estimated 
ECLR is ranged between 2.1 x 10-4 to 3.86 x10-4. This shows that there is residual 
radioactivity in the building materials which could be from the radionuclides of 
Radium(Ra), Thorium (Th), Uranium (U) and potassium (K) contain in the material 
(Michael, et al 2010). These waste materials include refuse materials from plastics, car tyres, 
paper products, metal scraps, electronics and vegetables waste. 
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Annual Effective Dose Equivalent 
The calculated annual effective dose rate for outdoor radiation presented in Table 1 shows 
that annual effective dose rate is lower than the ICRP recommended effective dose rate of 1.0 
mSv/yr, a limit for the public (NNRA, 2006). The AEDR values (outdoor) is lower than 
those obtained in similar investigation elsewhere and the worldwide average background 
radiation of 2.4 mSv/yr (Avwiri&Olatubosun, 2014). This could be associated with the 
difference in the radiation sources and the activity concentrations of the radionuclides in the 
ancient houses investigated. The average total effective dose for outdoor as excess on the 
background radiation is obtained as 8.58 x 10-5mSv/yr. This value is lower than the 0.3mSv 
recommended for building materials as safety limit in the EC guidelines (EC, 1999).  
 
Excess life cancer risk (ELCR) outdoor for the various houses. 
The average estimated excess cancer lifetime risk (ECLR) of 3.05 x 10-4from the excess 
gamma radiation from the houses is lower than the world limit of 0.29x10-3 (Taskin, et al 
2009) while the ECLR from the background radiation is approximately equal to the world 
average. This shows that occupants of such buildings are safe from radiation exposure to a 
level that will pose harm to them. 
 
The International Commission on Radiological Protection (ICRP-2007) recommends that any 
exposure above the natural background radiation should be regulated and kept as low as 
reasonably achievable (ALARA). This regulation and the consequence of the risk of high 
radiation exposure necessitated this investigation. It is known that the level of gamma 
radiation is directly associated with the activity of concentration of these radionuclides in 
the materials (Taskin, et al 2009).The calculated annual effective dose rate for outdoor 
radiation presented in Table 1. The result shows that annual effective dose rate is lower than 
the ICRP recommended effective dose rate of 1.0 mSv/yr, a limit for the public (NNRA, 
2006). The AEDR values (outdoor) is lower than those obtained in similar investigation 
elsewhere and the worldwide average background radiation of 2.4 mSv/yr (Avwiri & 
Olatubosun, 2014). This could be associated with the difference in the radiation sources and 
the activity concentrations of the radionuclides in the ancient houses investigated. The 
average total effective dose for outdoor as excess on the background radiation is obtained as 
8.58 x 10-5mSv/yr. This value is lower than the 0.3mSv recommended for building materials 
as safety limit in the EC guidelines (EC, 1999).  

CONCLUSION 
The radiation exposure levels in some modern houses in Keffi metropolis, Nasarawa State, 
Nigeria have been carried out in order to assess the radiological implications to the people. 
The results show that all the radiological hazards indices evaluated were within the 
acceptable safe limits of 1mSv/yr for the public and the excess lifetime cancer risk from the 
houses was below the 0.3mSv/yr. This indicates that the building materials that were used 
may not pose any significant radiation hazard to the people. 
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