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 Seven imported Indian tiles available in the Nigerian markets were investigated in this study 
to determine their radiological health hazards on users. Gamma spectroscopy was used for 
the analysis. The calculated radiological variables such as the dose rate, radium 
equivalent, internal and external hazard indices, gamma index, annual effective dose and 
the corresponding alpha index were used to determine the potential health risks on people 
exposed to these building tiles. The average activity concentration of 226Ra, 232Th and 40K 
were found to be 68.03, 84.79 and 620.89 Bq/kg respectively. These results were observed 
to be greater than the world recognized average safe boundary for building purposes. 
Similarly, the dose rate for all investigated tiles ranged between 59.14 and 154.65. This 
also revealed much higher values than the recommended standard except for GPI which 
recorded a lower result. However, the mean result of the radium activity equivalent in all 
the samples investigated was noted to be 237.09 Bq/kg. Both internal and external hazard 
indices reported much lower results than the recommended safe limit in all the tiles. 
Similarly, the gamma activity, the annual effective dose, and the alpha indices reported 
results that are within the safe limit. Therefore, it can be concluded that Indian tiles present 
in Nigerian market do not pose any health risk to users.  
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1. Introduction  
One of the environmental challenges that is a concern in 

every part of the world is the exposure of man to radiation. The 
undue exposure of man to this radiation have been noted to result 
in adverse medical effect on human.[1]. Natural occurrences and 
man-made activities have had significant impacts on the level of 
radiation available in our environment. Therefore, satisfactory 
and acceptable information of the level of exposure from both 
man-made and natural radioactivity sources is very crucial. 
Researches have revealed that the earth crust is composed of 
different materials including materials that contain a relatively 
low concentration of naturally occurring radionuclides. It has also 
been noted in recent studies that water and soil polluted with 
radionuclides could be threats to the public health as well as the 
environment [2]. Further research revealed that the average 

standard for indoor effective dose due to gamma rays from 
building materials is about 0.4 mSv per annum [1] and [3]. The 
major contributors identified for exposures to radiation of natural 
sources include radioactive nuclides present in the earth’s crust, 
natural radionuclides present in human body (taken in through 
diets) and cosmic ray particles incident on the earth [1]. People 
are more prone to radiation exposure by staying indoors as the 
radioactive materials are more concentrated indoor than outdoor. 
This is because naturally occurring radioactive materials are 
present in the crust, ceilings, floors and concrete walls of schools, 
homes, offices and malls, where occupants spend a lot of time [4] 
and [5]. Moreover, the concentration of the radioactive materials 
is more in an indoor environment, when the ventilation is poor. 

Generally, building materials are made from rocks and soil, 
which originate from the earth crust, while some are developed 
from a mixture of industrial by products[6] and [7]. Therefore, 
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they have very high tendency of containing more radioactive 
substances such as 238U and 232Th series and natural 40K, which 
are naturally part of the raw materials for building materials [3[, 
[5] and [8]. Also, every stage of construction of a building 
requires the use of soil or rocks and the land on which a building 
is sited constitute a major proportion of radioactive materials [9] 
and [10]. The foregone further established why the indoor 
concentration of these substances may be very high [9-11]. The 
availability of naturally occurring radioactive materials (NORMs) 
in building materials is the cause for the internal and external 
exposures of radiation to individuals staying in buildings [12-16]. 
Similarly plant cultivation and the introduction of various 
chemical fertilizers to aid the farming yield could expose 
consumers to more radiation. This is because the application of 
fertilizers to soil, used for farming purposes, may increase its 
radionuclide contents beyond proportion. Thus, man becomes 
unduly exposed when feeding on plants cultivated on these kind 
of lands because of exchange of nutrients between the soil and the 
plants [17]. Therefore, feeding on some of these plants, especially 
those that require more proportion of these chemical based 
fertilizers to germinate would expose man to radioactive 
substances.  

Proper consideration of the above makes it clear that there is 
no escape for man from radiation exposure, the consolation is that 
adequate efforts must be made to control exposure so as to prevent 
the associated health risk. It is on this note that this research was 
conducted on the commonly purchased building tiles available in 
Nigeria so as to evaluate and ascertain the concentration of 
radionuclides in the tiles and also, to estimate the possible health 
risk of exposure to the people that are often in contact with them.  

2. Materials and Methods  

2.1. Preparation of Samples 

Seven (7) different samples of tiles Indian branded tiles that 
are commonly available and purchased for building construction 
purposes in Nigerian markets were studied in this research (Table 
1). The tiles were transported to the geological laboratory at 
Obafemi Awolowo University, Ile Ife in Osun State Nigeria for 
preparation. The tiles were prepared by first labelling and 
assigning sample identity to each pack. Second on the line of 
preparation involved breaking all the tile samples into smaller 
pieces for the next stage of processing using the Pascall 
Engineering Lab milling machine. The samples were crushed to 
size that would be easy for pulverization. One of the precautions 
observed at this  stage was that, the crusher or lab milling machine 
was adequately cleaned using a pressure blower (Wolf power 
tools, made in London with serial and type and numbers 978 A 
and 8793 respectively) after each tile sample was crushed to 
prevent erroneous mixture of the samples.  Furthermore, each 
sample of crushed tiles was pulverized by completely grinding 
them into fine powder using the disk “grinder/pulverizer” by 
Christy and Norris Limited. As done with the crusher, the 
pulverizer was thoroughly cleaned and blown by a pressure 
blower, after each sample was grinded in order to avoid cross 

contamination of the samples. After this stage, a very fine powder 
of each sample was obtained, this was sieved using a 250 µm sieve 
size for the purpose of homogeneity. A measured quantity of 200 
g of each sieved sample was first packaged in a high density 
polyethylene bottles (HDPB) before it was transferred to 500 mL 
size of Marinelli beakers for radioactivity study. The bottles had 
been earlier washed with detergent and thoroughly rinsed with 
ordinary water from borehole and finally rinsed with distilled 
water.  

Table 1: Tables containing the list of tile samples imported from India 

s/n Sample Name    Sample ID 

1 Rose Bite India    RBI 

2 Tam Brown India    TBI 

3 Goodwill Vitrified Tile   GVI 

4 Green Pearl India    GPI 

5 Goodwill Super Polish Porcelain Tiles GSPPT 

6 Black Galaxy India   BGI 

7 Blue Pearl India    BPI 

2.2. Gamma Spectrometric Analysis of the Selected Samples 

The purchased samples of Indian tiles available in the 
Nigerian market were prepared in accordance to the IAEA TRS-
295 [18]. The prepared samples were packaged in a plastic beaker 
container and were sealed for twenty-eight days for secular 
equilibrium, so that the parent radionuclide would be equal to the 
daughter. The samples were analyzed at the Nuclear laboratory of 
Universiti Malaysia with the use of High Purity Germanium 
detector using the approach engaged by [7] and [9-11]. 

3. Results and Discussion 

3.1.  Determination of Radioactivity Concentration 

The radioactivity concentrations of 226Ra, 232Th, and 40K for 
samples of produced in India and their corresponding average 
values are presented in Table 2.  

The result of the activity concentrations of radionuclide 
contents in the samples of Indian tiles available in Nigeria ranged 
between 18.68 and 98.3 Bq/kg for 226Ra, 42.1 and 104.28 Bq/kg 
for 232Th and 181.4 and 871.0 Bq/kg for 40K.  For 226Ra, TBI was 
observed to have the lowest activity concentration while GSPPT 
had the highest values. Similarly, for 232Th, GPI recorded the 
lowest result while the highest value was recorded in RBI. Finally, 
BGI reported the highest activity concentration for 40K, while the 
lowest result was noted in GPI. The mean results of the activity 
concentrations for 226Ra, 232Th and 40K were estimated to be 68.03, 
84.79 and 620.89 Bq/kg respectively. The mean values reported in 
this study were found to be much higher by 1.95, 2.83 and 1.55 
times than the world average standard values of 35, 30 and 400 
Bq/kg respectively, according to [19] findings. The results slightly 
compares with [10], this may be as a result of the similarity in the 
regional geology of the areas where the raw materials were 
sourced.  
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Table 2: Shows the activity concentration of 238U, 232Th and 40K in the present study 

s/n Sample ID         Activity Concentration (Bq/kg) 

  226Ra (Bq/kg)  232Th(Bq/kg) 40K (Bq/kg) 

1 RBI 94.47 ± 0.5 104.28 ± 8.0 785.77 ± 15.0 

2 TBI 18.68 ± 0.6 84.79 ± 8.0 670.45 ± 15.0 

3 GVI 80.9 ± 0.5 88.2 ± 8.0 460.9 ± 15.0 

4 GPI 41.9 ± 0.6 42.1 ± 9.0 181.4 ± 15.0 

5 GSPPT 98.3 ± 0.5 92.2 ± 8.0 551.9 ±  15.0 

6 BGI 81.51± 0.5 102.11 ± 8.0 871.0 ± 15.0 

7 BPI 60.45 ± 0.5 79.86 ± 8.0 824.78 ± 15.0 

     

 Mean 68.03 ± 0.50 84.79 ± 8.0 620.89 ± 15.0 

3.2. Radiological Assessment 

3.2.1. The Absorbed Dose Rate 

Equation (1), recommended and used by [20] and [1] was 
used to determine the absorbed dose rates from the obtained 
activity concentrations and the estimated results are shown in 
Table 3.  

D (nGyh-1) = 0.462CRa+ 0.604CTh + 0.0417Ck  < 80nGyh-1               (1) 

From the result presented in the Table below, it could be seen 
that all the results were far higher than the recommended standard 
of 80 nGy/h except for GPI which reported lower than the 
standard. The highest absorbed dose rate was reported in RBI 
while the lowest was noticed in GPI as presented in Table 3. The 
mean value of the absorbed dose rate was found to be 108.54 
nGy/h. It could be seen that most of the Indian tiles available in 
Nigerian market have very high absorbed dose rate except for GPI, 
making the Indian tiles unsafe in this regard. 

3.2.2. Determination of Radium equivalent (Raeq) 

The values of Raeq in the samples studied in this research 
were estimated using equation (2) according to [1], [12], [20]. 

     Raeq = ACRA + 1.43ACTh + 0.077ACK                                  (2) 

where ACRA, ACTh and ACK are the activities concentration 
of 226Ra, 232Th and 40K measured in Bq/kg  respectively. The 
results of the radium equivalent activity obtained for the available 
Indian tiles in Nigeria varied between 116.15 and 304.09 Bq/kg 
(Table 3). The highest value of radium equivalent was noted in 
RBI while the lowest value was measured in GPI respectively. 
The average value of the activity concentration for radium 
equivalent was estimated to be 237.09 Bq/kg. In all, it was 
observed that for all the Indian tiles in Nigeria, their radium 
equivalent values were not above the accepted standard of 370 
Bq/kg according to [12] and [20]. 

3.2.3. Calculation of External Hazard Index (Hex) 

The radiation hazard index from gamma ray due to 226Ra, 
232Th and 40K could be estimated by equation (3) which is the 
equation foe calculating the external hazard index [1]. 

Hex = (ARa/370) + (ATh/259) + (AK/4810) ≤ 1                                     (3) 

where, 

ARa ,  ATh  and AK are the average values of the activity 
concentrations of 226Ra, 232Th and 40K in Bq/kg respectively. The 
standard recommended for the Hex is a value less than 1 and at 
most equal to 1. From the result obtained, the Hex varied between 
0.31 and 0.82 for both GPI and RBI respectively. In this case, all 
the available Indian tiles considered for this parameter had values 
that are acceptable and within the allowable standard (Table 3). 
The estimated mean value of the Hex obtained is 0.64. Thus, the 
Indian tiles are regarded to be safe for use in building construction 
purposes as far as this health parameter is concerned [1] and [14].  

3.2.4. Internal Hazard Index Estimation (Hin) 

The internal hazard index is a measure of how much radiation 
an occupant of a confined setting is exposed to. This is represented 
by Hin and it can be calculated with equation (4) [21]: 

Hin = (ARa/185) + (ATh/259) + (AK/4810) ≤ 1                                    (4) 

where ARa, ATh and AK are activity concentrations of 226Ra, 232Th 
and 40K, respectively in Bq/kg. For a building construction 
material to be regarded as safe, the hazard index from the radiation 
emitted from such materials must be within a standard limit of less 
than or equal to 1. The observed values of Hin for the Indian tiles 
in Nigeria were noted to range between 0.25 and 1.08 (Table 3).  

The lowest value of Hin was reported by TBI while the highest 
value was noticed in RBI. BGI and RBI were noticed to be greater 
than the recommended world safe value of 1 among the Indian 
tiles investigated, which might be considered unsafe for internal 
usage purposes. The average value of the Hin was estimated to be 
0.78, which is within the recommended standard for use in 
building materials. The results presented in Table 3 agreed with 
[7] and [11]. 
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Table 3: Presents the radium equivalent, dose rate, internal and external hazard indices 

s/n Sample ID DR Raeq Hex Hin 

1 RBI 139.40 304.09 0.82 1.08 

2 TBI 87.80 191.55 0.52 0.25 

3 GVI 109.87 242.46 0.65 0.87 

4 GPI 52.35 116.15 0.31 0.43 

5 GSPPT 124.12 272.59 0.75 1.00 

6 BGI 135.65 294.65 0.79 1.02 

7 BPI 110.56 238.16 0.64 0.81 

 Mean 108.54 237.09 0.64 0.78 

3.2.5.  The Annual Effective Dose Rate (AEDR) 

Equation (5) was used to estimate the AEDE received by 
occupants from the indoor internal dose rate according to [1]. 

AEDR = (0.49CRa + 0.76CTh + 0.048CK) ×8.76×10-3               (5) 

The values of the AEDE ranged between 0.18 and 0.67 mSvy-

1 with an average value of 0.50 mSvy-1. The mean value from the 
Indian tiles being considered in this study was estimated to be 
lower than the world’s recommended average value of 0.7 mSvy-

1 [11]. The values of AEDR for each sample are presented in Table 
4. The result obtained for AEDR in this study was observed to be 
higher than [9]. This is suspected to be as a result of difference in 
the geological formations of the materials used in the production 
of the tiles. 

3.2.6.  Gamma Index Estimation (Iγ) 

This index is engaged to calculate the hazrd of γ-radiation 
because of the presence of natural radionuclide in the samples 
being investigated. The gamma index (Iγ) is evaluated using 
Equation (6) according to [22]. 

Iγ = CRa/300 (Bq/kg) + CTh/200 (Bq/kg) + CK/3000 (Bq/kg)        (6) 

The results obtained from the equation above for the Indian 
tile samples are presented below. A range of values between 0.29 
and 1.10 were obtained from the calculation of the gamma index 
(Table 4). The results revealed RBI to have the highest result with 
a value of 1.10 while TBI was noted to have the lowest result. The 
recommended safe limit for gamma index varied between 0.3 and 
1 mSvy-1, which is the extra gamma dose to the ones received 
outside of the building [23]. The calculated average Iγ obtained is 
0.80, which is less than the restricted limit by international 
standard. Thus, building materials such as tiles should not be 
considered for radioactivity if the excess gamma radiation 
emanating from them increases the annual effective dose of a 
member of the public by 0.3 mSv at the most. Based on the 
recommended standard for gamma index, most of the Indian tiles 
in Nigeria are below the safety limit of 1 mSv except RBI (1.10) 
and BGI (1.07). 

3.2.7. Determination of Alpha Index (Iα) 

The estimation of the alpha index is another essential part of 
hazard measurement that quantifies the amount of alpha radiation 
due to radon inhalation that has its source from building materials. 
The alpha index for the Indian tiles was determined using equation 
(7) [24] and [25] is: 

Table 4: Presents the AEDR, gamma activity and alpha ray indices. 

s/n Sample ID Annual Effective Dose 
AEDR (mSv/y) 

Gamma activity Index (𝑰𝑰𝜸𝜸) Alpha Index 

(𝑰𝑰∝) 

1 RBI 0.67 1.10 0.47 

2 TBI 0.18 0.29 0.06 

3 GVI 0.54 0.86 0.40 

4 GPI 0.26 0.41 0.21 

5 GSPPT 0.61 0.97 0.49 

6 BGI 0.67 1.07 0.41 

7 BPI 0.54 0.88 0.30 

 Mean 0.50 0.80 0.33 
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Iα = CRa/200 (Bq/kg)    (7) 

where CRa (Bq/kg) is defined according to [26], [25] and [21]. The 
Table above shows the values of the estimated alpha index from 
the Indian tiles that are available in Nigeria. It is observed that the 
upper boundary of the concentration of radon (Iα) is same as 1 
[27], [28] and [26]. In the present study, the obtained results 
revealed that the radon concentration varied from 0.06 to 0.49 
with a mean value of 0.33. TBI reported the lowest result while 
the highest value was noticed in GSPPT. The results obtained 
from the alpha index are far less than the recommended value. 
This implies that the exhalation of radon from all the investigated 
Indian tiles would amount in indoor concentration that is lower 
than 200 Bq/kg. 

4. Conclusion 

Seven imported Indian tiles available in Nigerian markets were 
investigated in this study to determine their radiological health 
hazards on users. The estimated radiological parameters such as 
the dose rate, radium equivalent, internal and external hazard 
indices, gamma index, annual effective dose and the corresponding 
alpha activity index were used to determine the potential health 
risks on people exposed to these tiles. The mean activity 
concentrations of 226Ra, 232Th and 40K were discovered to be 68.03, 
84.79 and 620.89 Bq/kg respectively. These values reported higher 
than the recommended safe limit for building purposes. Similarly, 
the dose rate for tiles investigated ranged between 59.14 and 
154.65. This revealed much higher values than the recommended 
standard except for GPI which recorded a lower result. However, 
the mean result of the radium activity equivalent in all the samples 
investigated was observed to be 237.09 Bq/kg and it is much lower 
than the recommended safe limit. In the same way, the result of the 
external index varied between 0.31 and 0.82. Likewise, the result 
of the internal hazard index ranged between 0.25 and 1.08, with an 
average value of 0.78.  Moreover, the results of the annual effective 
dose were between 0.18 and 0.67. Finally, the gamma activity and 
the alpha indices were estimated, their average values were found 
to be 0.80 and 0.33 respectively. All the above results are within 
the recommended safe limit for building tiles. Generally, the dose 
rate for Indian tiles are far higher than the recommended safe 
standard, but all other radiological parameters prove that the tiles 
are safe to be used for construction purposes in Nigeria. However, 
similar investigation is recommended to be conducted regularly in 
order to ascertain the safety of Nigerian consumers that depend 
largely on imported goods.  
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