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ABSTRACT 
This study estimates the radiation safety of soils used in making 
clay bricks, a common building material in Jalingo City and its 
surrounding areas. The activity concentration of the natural 
radioactive elements 238U, 232Th, and 40K in the soils was measured 
using a gamma-ray spectrometer equipped with a 905-3 NaI (TI) 
crystal detector and a high photomultiplier measuring 7.62 cm by 
7.62 cm. The average activity concentrations of 238U, 232Th, and 40K 
in the soils were 12.5±1.3, 26.7±1.7, and 65.1±5.2 Bqkg-1 
respectively, all of which were lower than the global average 
concentrations. The research also assessed the Radium 
equivalent activity, absorbed dose rates, and other radiological 
hazard parameters relevant to building materials. The mean 
Radium equivalent activity was 55.69 Bqkg-1, below the safety limit 
of 370 Bqkg-1. Additionally, the mean outdoor absorbed dose rate 
was 24.64 nGyh-1, below the safety limit of 59.00 nGyh-1, and the 
mean indoor absorbed dose rate was 46.08 nGyh-1, below the 
safety limit of 84.00 nGyh-1. All assessed hazard parameters, 
including annual effective dose rates (indoor and outdoor), lifetime 
cancer risk, annual gonadal effective dose, representative level 
index, and both external and internal hazard indices, were well 
below the established global safety limits. The activity 
concentration of the primordial radionuclides and the radiological 
hazard parameters were also lower compared to other parts of 
Nigeria and the world. As a result, the study concluded that the 
soils and the buildings constructed with them are radiologically safe 
and pose no hazard threats to the occupants. 
 
Keywords: Natural radioactivity; local building material; exposure; 
radiological safety. 
 
INTRODUCTION 
Naturally Occurring Radioactive Materials (NORMs), also known 
as primordial radioactivity, have existed in the environment since 
the creation of the Earth. They include the 238U series, 232Th 
series, and the singly occurring 40K (Orosun et al., 2020a). These 
radioactive materials are found in geological formations such as 
granites, igneous, and sedimentary rocks. Through rock 
weathering processes, they are transported into the soil and rivers 
by rain (Orosun et al., 2019; Mbonu and Ben, 2021). The 
concentration of radionuclides in the terrestrial environment varies 
greatly across the world. In addition to NORMs, radioactive 
materials can also enter the environment through cosmic rays and 
human activities. Human activities that contribute to radioactive 
concentrations in the environment include nuclear wars, testing of 
nuclear equipment, nuclear accidents, and coal-fired power plants, 
among others (Dizman et al., 2019). NORMs naturally disintegrate 

into lighter nuclei, emitting ionizing radiation in the process. Since 
this process is natural and uncontrollable, radiation in the 
environment has become a reality that affects us. However, the 
anthropogenic contributions of radiation in our environment can be 
eliminated, making an assessment of radionuclides in the 
environment significant. 
Humans live on soil, build with soil, and carry out agricultural 
activities on the soil. Radionuclides present in the soil can reach 
humans in several ways. For example, during agricultural activities, 
plants can absorb radionuclides along with nutrients from the soil 
as they grow, through root absorption, cell absorption, and foliar 
absorption. This makes the food chain a potential pathway for 
radiation transfer to humans (Thien et al., 2020). 
When soil is used as a building material, it can be risky to live in 
buildings with high concentrations of radionuclides, as long-term 
external exposure to the soil can result in bioaccumulation or 
toxicity. This can lead to serious health problems such as prostate 
cancer, leukaemia, cognitive defects, increased risk of 
miscarriages in pregnant women, cataracts, thyroid nodules, and 
more (Mbonu and Ben, 2021; Dao et al., 2024). According to the 
IAEA (1996) document, natural radionuclides contribute 80% of the 
effective annual radiation dose, while artificial sources contribute 
20%. Specifically, buildings expose humans to approximately 0.4 
mSvy-1 of indoor effective dose from gamma radiation through 
building materials (UNSCEAR, 2000; Omeje et al., 2018). 
The assessment of radionuclides has become a popular area of 
research as scientists seek to understand the potential health 
hazards these substances pose. Researchers are studying 
radionuclide assessment in various media including drinking water, 
sediments, construction materials, aquatic foods, residential soil, 
and food crops (Eyrolle et al., 2020; Thien et al., 2020; Orosun et 
al., 2020a; Orosun et al., 2021; Gawad et al., 2024; Omeje et al., 
2024 Endjambi et al., 2024). The goal is to develop an effective 
remediation strategy to mitigate the jeopardy associated with these 
substances. Radionuclides in building materials have also drawn 
the interest of researchers globally, with some results falling below 
the world safety limits, while others exceed these limits. For 
example, a study in Nepal found radionuclide concentrations in 
bricks to be below the world safety limits, yielding positive safety 
parameters. Similarly, assessments in the Gaza Strip and certain 
areas of the Peninsula also yielded positive results, with all 
radiological hazard parameters within the world safety limits (Abd 
Elkader et al., 2021). However, higher radionuclide concentrations 
in building materials in some parts of Spain were recorded above 
the safety limit (Mas Balbuena et al., 2021). Similarly, in the south 
Gondar zone of Ethiopia, higher radionuclide concentrations in 
cement were reported concerning the safety limits (Abate, 2022). 
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In Nigeria, various researchers have conducted radiological 
assessments of building materials, and their findings align with 
global trends. Adewoyin et al. (2022) evaluated the radiological risk 
of tiles used in Nigerian buildings and found that they pose no 
radiological hazards. Similarly, a study by Garba et al. (2023) 
assessed the radiological hazards in building materials such as 
sand, clay, Kaolin, and Gypsum in north-western Nigeria. Although 
the mean activity concentrations of 226Ra exceeded the safety 
limits set by UNSEAR (2000), the overall radiological hazard 
parameters were within safe limits. Additionally, an assessment of 
radiological hazards from building materials in Ota village, Ogun 
state Nigeria by Omeje et al. (2018) revealed a mean annual 
effective dose of 0.399 mSvy-1, which exceeds the world safe limit 
(0.07 mSvy-1) recommended by UNSEAR (2000). 
The fact that not all radionuclide hazard assessments in Nigeria fall 
within safety limits is cause for concern. The variation in 
radiological results from city to city may be attributed to geological 
differences. For example, some rocks, such as granites, are known 
to contain more 238U and 232Th than others. Additionally, human 
activities that are likely to increase radionuclide concentrations in 
Nigerian soils include agriculture. Most crop-producing farmers in 
Nigeria use fertilizers to improve crop yield. Common fertilizers 
used include Nitrogen, Phosphorus, and Potassium (NPK). It has 
been established in the literature that phosphate fertilizers are 
capable of increasing 232Th and 238U concentrations in soil (Kant 
et al., 2006; Bramki et al., 2018; Porntepkasemsan et al., 2018).  In 
Jalingo, the most used blocks for building are cement blocks. This 
applies also the rest of the urban and peri-urban areas of Taraba 
State. However, because of financial reasons, some people 
especially in the rural areas of Taraba state, and the remaining part 
of the country prefer sun-dried mud blocks. These blocks are made 
by mixing locally sourced clay with water, and they offer good 
thermal insulation and are well-suited for the hot and dry climate of 
Taraba State. Unfortunately, unlike cement blocks, sun-dried 
blocks are only used for small-scaled buildings such as single 
bedrooms, retail shops, two bedrooms, or retail shops and 
thereabouts. Alternatively, clay (burnt) bricks, also known as fired 
bricks or clay bricks, have been a staple building material for 
decades, in Nigeria, and some African countries (Baiden et al., 
2014; Houle, 2018; Akinyele et al., 2020). Clay bricks are made 
from clay, abundant in Nigeria, and are produced by excavating it, 
mixing it with water, and forming brick moulds. These bricks are 
dried and then stacked in a kiln for firing. The high temperatures 
harden the clay, removing moisture and organic matter, and 
making the bricks durable (Akinyele et al., 2020; Monteiro and 
Vieira, 2024). 
 The clay bricks possess several advantages which make it 
preferable in some cases. Such advantages include fire resistance, 
strength and durability, aesthetic appeal, and environmental 
sustainability (Obianyo et al., 2021). The soil samples assessed in 
this study were for clay bricks. Therefore, there is an urgent need 
to determine their radionuclide safety owing to the fact that the 
current state of radiological safety assessment of building materials 
tends to overlook local materials, as the focus has been on 
materials in urban areas. This study aims to assess the radiological 
safety of soils used to make bricks, which are local building 
materials in the study area. 
 
 
 
 

MATERIAL AND METHODS 
The Study Area and the most common bricks used as building 
materials therein 
The study was carried out using soils collected from two brick 
moulding sites situated in Jalingo Metropolis. The metropolis is 
located between latitudes 8o 50ʹ N and 8o 55ʹ N and between 
longitudes 11o 17ʹ E and 11o 26ʹ E (Kanu et al., 2021; Kanu et al., 
2022a; Kanu et al., 2022b).  
In Taraba State, Nigeria, different building materials and 
construction techniques are used to erect structures that withstand 
the region's unique environmental conditions and cater to the 
cultural preferences of its inhabitants.  
 
Geology of the Study Area 
Obaje (2009) provides a detailed description of the geology of the 
study area, as a part of the Nigerian basement complex. The major 
rock types found in the area are granites, migmatites, and gneiss. 
Additionally, the region also contains basalts that date from the 
Tertiary to Recent periods. The migmatites are formed by the 
transformation of massive gneiss particles into rocks with a 
dispersed texture and varying grain sizes, which are mostly 
porphyroblastic (Macleod, 1971). The metamorphic rocks of 
Precambrian age that are produced by this rock block are not 
differentiated (Grant, 1971). The region includes basic or 
intermediate intrusive granites that belong to the Pan African Older 
Granites. These granites have grains that vary in texture from fine 
to medium to coarse, as per McCurry (1976). In Jalingo, there are 
also some minor types of local rocks, such as dolerites and 
pegmatites. These are mostly found in the form of intrusive vein 
bodies and dykes. 
 
Sample collection and preparation 
Ten (10) samples were obtained from a clay bricks industry and 
were labelled TS accordingly. The soil samples were processed in 
a lab by homogenizing, grinding, and sieving them through a 2 mm 
mesh sieve to achieve a particle size of approximately 0.15 mm. 
After processing, the soils were dried. Each sample was then 
measured in uniformly sized cylindrical plastic containers, with 200 
grams (200g) of soil in each container. The containers were sealed 
for 30 days for secular equilibrium between 226Ra and 232Th and 
their daughter radionuclides (Mustapha et al., 1997). The sample 
was prepared at the National Steel and Raw Material Exploration 
Agency (NSRMEA) in Kaduna and the gamma spectrometric 
measurement was done at the National Institute of Radiation 
Protection and Research (NIRPR) in Ibadan. 
 
Sample Measurement 
The gamma-ray spectrometer used for measurement was 
equipped with a 905-3 NaI (TI) crystal detector and a high 
photomultiplier measuring 7.62 cm by 7.62 cm. For differential 
spectrometry, three channels were utilized: the 40K channel was 
identified by a 1460 KeV energy peak, the 238U channel was 
identified by a 1764 KeV energy peak, and the 232Th channel was 
identified at a 2614 KeV energy peak (Table 1). Orosun et al. 
(2020a) and Mbonu et al. (2021) have provided detailed 
explanations of the instrumentation and analysis techniques. The 
calibrations used in this study were adapted from Ibeanu (1999) 
and are presented in Table 2. 

Equation (1) was used to evaluate the activity 

concentrations A (𝐵𝑞𝐾𝑔−1)   for the count rate of the 

corresponding peaks (An) in the samples (Jibiri and Esen, 2011). 
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𝐴 (𝐵𝑞 Kg-1)  =  𝑘 𝐴𝑛  (1) 

where  𝑘 =
1

𝜀𝑃𝛾𝑀𝑠
   and 𝑃𝛾  is the transition probability of the 

specific gamma – ray, 𝑀𝑠 is the sample mass measured in Kg. 

Suppose we define the net background peak as 𝐴𝑏, then the Below 

Detection Limit (BDL) in units of  𝐵𝑞𝐾𝑔−1  can be used to 
calculate the lowest activity that is detectable in a given sample 
using equation (2) (Jibiri and Esen, 2011). 

𝐷𝐵𝐿 (𝐵𝑞 𝐾𝑔−1)  =  4.65 
√𝐴𝑏

𝑡𝑏
 k,   (2) 

where, 𝑡𝑏 is the time (s) for background counting, and K is the 
factor used for converting counts per second (cps) to (Bqkg-1). To 
convert the measurements to conventional units, we used 
conversion factors of 0.46, 0.031, and 0.046 for 238U, 40K, and 
232Th, respectively. Each sample has a counting time of 30,000 

seconds. We obtained the gamma-ray background of the 
laboratory using an empty container, which gave us BDL values of 
14.54, 3.84, and 9.08 Bqkg-1 for 40K, 238U, and 232Th, respectively. 
By subtracting the respective BDL from each sample, we were able 
to determine their activity concentrations. 
 
Table 1. Spectral Energy windows used in analysis using NaI (Tl) 
gamma spectroscopy system 

Element 
analysed 

Isotope 
Used 

Ray Energy 
(KeV) 

Energy 
windows 
`(KeV) 

232Th 208Tl 2614.5 2460-2820 

238U 214Bi 1764.0 1620-1820 
40K 40K 1460.0 1380-1550 

 
Table 2. Energy calibration for Quantitative spectra analysis 

Isotope Calibration Factor       Detection Limit 
 x 10-3cps/ppm  x 10-4cps/Bqkg-1 Conversion factor (Bqkg-

1/ppm) 
Ppm Bqkg-1 

40K 0.026 6.431 0.032 454.54 14.54 
238U 10.500 8.632 12.200 0.32 3.84 
232Th 3.612 8.768 4.120 2.27 9.08 

Source: (Ibeanu, 1999). 
 
Radiological Hazard Parameters 
Radium equivalent 
The 𝛾-ray radiation exposure to humans through buildings can be 
estimated via several hazard indices. The Radium Equivalent 
activity (Raeq) is useful in identifying the consistency of the 
exposure to the 𝛾-ray radiation emanating from those buildings 
(Ahmed et al., 2018). Accordingly, it is expected that the radium 
equivalent activity should be lower than 370 Bqkg-1 in other to 
ensure radiological safety. In this study, the Radium equivalent was 
estimated using equation (3) (UNSCEAR, 2000).  
𝑅𝑎𝑒𝑞 = 𝐴𝑈 + 1.43𝐴𝑇ℎ + 0.077𝐴𝐾,  (3) 

where 𝐴𝑈 , 𝐴𝑇ℎ,  and 𝐴𝐾 are the activity concentrations of 238U, 
232Th, and 40K respectively. 
 
The Absorbed Dose Rates (D) 
The absorbed dose rates are crucial and basics of radiation health 
risk assessment, as they are the determinants of the biological 
effects of the ionizing radiation emphasised earlier (Orosun et al., 
2020b). We obtained the outdoor absorbed dose rate (Dout) at 1 m 
above the ground using equation (4) as used for building materials, 
following the guidelines from UNSCEAR, (2000). 

𝐷𝑖𝑛(𝑛𝐺𝑦ℎ−1) = 0.92𝐴𝑢 + 1.1𝐴𝑇ℎ + 0.08𝐴𝐾.    (4)  

 
Meanwhile, the indoor absorbed dose rates for typical Nigerian 
buildings whose dimensions were stated in Orosun et al. (2020b) 
as 4 × 5 × 2.8 𝑚 in size, a thickness of 20 cm, and 2350 kgm-3 
as the structure’s density, can be calculated using equation (5) 
(UNSEAR, 2000; Orosun et al., 2020b) 
 

𝐷𝑜𝑢𝑡(𝑛𝐺𝑦ℎ−1) = 0.462𝐴𝑢 + 0.604𝐴𝑇ℎ + 0.042𝐴𝐾

 .   (5) 
Annual Effective Dose Rate (AEDR) 
The annual effective dose rate is a stochastic measure of health 
risk due to exposure to gamma radiation.  It is useful in estimating 
the tissue-weighted aggregate of the equivalent doses of gamma 

radiation received by the tissues and organs of the body (Orosun 
et al., 2020b). The indoor and outdoor AEDR exposure 
experienced by people living in houses built with those soils or 
members of the public were estimated using equations (6) and (7), 
where 0.8 and 0.2 were used as occupancy factors for indoors and 
outdoors respectively, and a conversion factor of 0.7SvGy-1 

(UNSEAR, 2000; Orosun et al., 2020b). 
 

𝐴𝐸𝐷𝑅𝑖𝑛(𝑚𝑆𝑣𝑦−1) = 𝐷𝑖𝑛(𝑛𝐺𝑦ℎ−1) × 8760(ℎ𝑦−1) ×
0.7(𝑆𝑣𝐺𝑦−1) × 0.8 × 10−6,  (6)   
      
      

𝐴𝐸𝐷𝑅𝑜𝑢𝑡(𝑚𝑆𝑣𝑦−1) = 𝐷𝑜𝑢𝑡(𝑛𝐺𝑦ℎ−1) × 8760(ℎ𝑦−1) ×
0.7(𝑆𝑣𝐺𝑦−1) × 0.2 × 10−6.  (7) 
  
Excess Lifetime Cancer Risk (ELCR) 
The excessive lifetime cancer risk which estimates the risk of 
contracting cancer upon exposure to the buildings was calculated 
using equation (8) (UNSCEAR, 2000) 

𝐸𝐿𝐶𝑅𝑖𝑛𝑑𝑜𝑜𝑟 = 𝐴𝐸𝐷𝐸𝑖𝑛(𝑚𝑆𝑣𝑦−1) × 𝐷𝐿(𝑦𝑒𝑎𝑟𝑠) ×
𝑅𝐹(𝑆𝑣−1),    (8) 
 
where  DL is taken to be 70 years, is the average duration of 
life (Orosun et al., 2020b), and RF is the fatal cancer risks per 
sievert (Risk Factor), and  𝐴𝐸𝐷𝐸𝑖𝑛 maintains the definition 
from equation (6), and the risk factor used is 0.057 for stochastic 
effects (ICRP, 2007).     
             
The Annual Gonadal Equivalent Dose (AGED) 
Some organs in the body such as bone surface cells, bone 
marrows, and gonads, due to their sensitivity to radiation have 
attracted special consideration by regulatory bodies such as 
UNSCEAR. The annual gonadal equivalent dose is the hazard 
parameter used in assessing the safety of those organs. 

Accordingly, an AGED value that is higher than 0.3 𝑚𝑆𝑣𝑦−1 is 
capable of causing leukaemia in the victims (UNSCEAR, 2000). 
The AGED emanating from those soils was calculated using 
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equation (7) as stated by UNSCEAR (2000). 

𝐴𝐺𝐸𝐷 (𝜇𝑆𝑣𝑦−1) = 3.09𝐴𝑈 + 4.18𝐴𝑇ℎ + 0.314𝐴𝐾 , 
   (9) 
where 𝐴𝑈 , 𝐴𝑇ℎ,  and 𝐴𝐾 are the activity concentrations of 238U, 
232Th, and 40K respectively. 
 
Representative Level Index (RLI)  
Another useful tool used in assessing the safety of building 
materials is the RLI. Just like some of the other hazard parameters 
discussed earlier, RLI is commonly used to assess the level of 
exposure to gamma radiation due to the radionuclide 
concentrations from the samples understudy. RLI values have 
some relationships with the annual effective dose as detailed in 
Orosun et al. (2020b) and Ebongue et al. (2018). The RLI for 
residents dwelling in the buildings from those assessed soils was 
estimated using equation (8) as provided by UNSCEAR (2000). 

𝑅𝐿𝐼 =
𝐴𝑈

150Bqkg−1 +
𝐴𝑇ℎ

100Bqkg−1 +
𝐴𝐾

1500Bqkg−1 ≤ 1.  

     (10) 
 
Radiation Hazard Indices 
Natural radionuclides in the soil and environments create an 
external field of radiation to which humans are exposed. Hazard 
indices are key parameters used in assessing the level of 
exposure.  
It is recommended that the external and internal hazard indices be 
less than one according to UNSCEAR (2000). An external hazard 
index greater than one indicates a radium equivalent dose greater 
than 370 Bqkg-1, which signifies a significant exposure to gamma 
radiation. The hazard indices were calculated using equations (11) 
and (12) for the external and internal hazard indices, as specified 
by UNSCEAR (2000) and used by other authors such as Orosun 
et al. (2019) and Mbonu and Ben (2021). 

𝐻𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 =
𝐴𝑈

370
+

𝐴𝑇ℎ

259
+

𝐴𝐾

4810
,    

    (11) 

𝐻𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 =
𝐴𝑈

185
+

𝐴𝑇ℎ

259
+

𝐴𝐾

4810
.    

    (12) 

RESULTS AND DISCUSSION 
Activity Concentration of Radionuclides in the soils 
Table 3 presents the activity concentrations of 238U, 232Th, and 40K 
in soil samples, along with a brief statistical summary. The activity 
concentrations of 238U, 232Th, and 40K ranged from 7.4±0.7 to 
16.8±1.4, 9.5±0.6 to 58.80±3.50, and 35.70±1.80 to 92.60±2.70 
Bqkg-1, respectively. The mean activity concentrations of 238U, 
232Th, and 40K in the soil samples were 12.50±1.30, 26.70±1.70, 
and 65.10±5.20 Bqkg-1, respectively. It can be observed that the 
activity concentration of 238U < 232Th < 40K. 
The mean activity concentration of these radionuclides in the soils 
that measured below world safety limits provided by UNSCEAR 
(2000) followed a similar trend with some of the studies of 
radionuclide assessment in soils and other building materials in 
Nigeria and other parts of the world as shown by the comparison in 
table 4 
In southeastern Nigeria, the radionuclide assessment in soils 
recorded 4.15, 1.64, and 134.13 BqKg-1 for 238U, 232Th, and 40K, 
respectively, all below the recommended safety limits by Mbonu 
and Ben (2021). Similarly, the radionuclide concentration in the 
soils assessed in this study was recorded below the existing results 
in north-central Nigeria by Orosun et al. (2020b). Their radionuclide 
assessment in laterite soils yielded 43.89 and 38.79 BqKg-1, 
respectively, for mean values of 238U and 232Th, exceeding the 
global limits of 32.00 and 30.00 BqKg-1 for 238U and 232Th, 
respectively. 
We observed that the concentrations of radionuclides in the soils 
are similar to those assessed in some other countries, as 
presented in Table 4. The average radionuclide concentration in 
the soils studied here indicates a lower risk than in Iraq, as reported 
by Ahmed et al. (2018). The average concentration of 238U in this 
study (43.60 BqKg-1) exceeds the safety limit of 30 BqKg-1 set by 
UNSCEAR (2000). Similarly, in a survey by Senthilkumar and 
Narayanaswamy (2016) on Indian soils, the mean activity 
concentration of 232Th (39.60 BqKg-1) was found to be higher than 
the global limit of 30 BqKg-1. 
 

Table 3. Activity concentrations of 238U, 232Th, and 40K in the soil used in making bricks. 

Sample Code 
238U (Bqkg-1) 232Th (Bqkg-1) 40K (Bqkg-1) 

TH1 21.6 ±2.2  40.5 ±3.3  54.7 ±12.7 

TH2 7.9 ± 0.8  22.1 ±1.3  60.5 ± 6.8 

TH3 16.5 ±1.5  58.8 ± 3.5  91.7 ± 5.6 

TH4 16.8 ±1.4  33.7 ±2.0  58.7 ± 4.6 

TH5 13.9 ±3.0  34.8 ±2.1  66.2 ± 4.8 

TH6 10.2 ±1.0  21.3 ±1.3  41.0 ± 8.6 

TH7 10.3 ±0.9  18.9 ±1.1  92.6 ± 2.7 

TH8 8.8 ±0.8 11.0 ±0.7 77.2 ± 2.5 

TH9 7.4 ±0.7 9.5 ± 0.6 35.7 ± 1.8 

TH10 11.9 ±1.0  16.3 ±1.0  73.1 ±5.0 

Mean 12.5±1.3 26.7±1.7 65.1±5.2 

https://dx.doi.org/10.4314/swj.v19i4.38
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Max 
Min 

16.8±1.4 
7.4±0.7 

58.8±3.5 
9.5±0.6 

92.6±2.7 
35.7±1.8 

World Average* 32.00 30.00 420.00 

                       *= (UNSCEAR, 2000)      
   
The sediments in Kuwait have high concentrations of 238U and 40K 
(Saad and Al-Azmi, 2002). Additionally, building materials such as 
cement, red-clay bricks, and sand in Malaysia contain high activity 
concentrations of 238U, 232Th, and 40K (Ibrahim, 1999). Similarly, 
soils in Cameroon and Gaza contain considerably high 
concentrations of 238U, 232Th, and 40K above the global limit 
(Nguelem et al., 2016; Abd Elkader et al., 2021). 
The average concentration of all the radionuclides evaluated in this 
study is within the global limits set by UNSEAR (2000). However, 
in Table 3, it can be observed that the values of 232Th exceeded 
the global limit (30 BqKg-1), with values as high as 58.80, 40.50, 
34.80, and 33.70 BqKg-1. Consequently, we have conducted a 
radiological hazard assessment associated with these soils, 
detailed in Table 5. In the following sections, we will discuss the 
implications of these findings.    
    
Table 4. Comparison of the radionuclide concentration (Bqkg-1) in 
soils and other building materials in different countries  

Country  Media 238

U  

232

Th  

40K  Reference 

Iraq Soils 43.
60 

19.
40 

321.
80 

Ahmed et al. 
(2018) 

India Soils 22.
80 

39.
90 

253.
16 

Senthilkumar 
and 
Narayanaswam
y (2016) 

Nigeria 
(north-
central) 

Soil 
(laterite 
mining 
field) 

43.
89 

38.
79 

81.3
8 

Orosun et al. 
(2020b) 

Nigeria 
(Southe
ast) 

Soils 4.1
5 

1.6
4 

134.
13 

Mbonu and Ben 
(2021) 

Mexico Soils 23.
00 

19.
00 

530.
00 

Mireles et al. 
(2003) 

Kuwait Sedimen
ts 

36.
00 

6.0
0 

227.
00 

Saad and Al-
Azmi (2002) 

Malaysi
a 

Cement 51.
00 

23.
00 

832.
00 

Ibrahim (1999) 

Malaysi
a 

Red clay 
bricks 

24
1.0
0 

51.
00 

754
1.00 

Ibrahim (1999) 

Malaysi
a 

Sand 60.
00 

13.
00 

750.
00 

Ibrahim (1999) 

Camero
on  

Soils 99.
00 

15
7.0

671.
00 

Nguelem et al. 
(2016) 

0 

Nepal Bricks Nil 42.
60 

601.
50 

Shrestha et al 
(2024) 

Gaza Soils 39.
60 

73.
60 

589.
00 

Abd Elkader et 
al. (2021) 

Jalingo
, 
Nigeria 

Soils 12.
50 

26.
70 

65.1
0 

Present study 

Global 
limit 

Soils 32.
00 

30.
00 

420.
00 

UNSCEAR 
(2000) 

 
Results of Radiological Hazard Parameters 
We have explained the terms and formulas utilized in radiological 
hazard assessment in section 2.5. The results of the radiological 
hazard parameters are detailed in Table 5. The Radium equivalent 
dose, used to estimate the consistency of exposure to gamma 
radiation, ranges between 23.73 to 107.64 BqKg-1, with a mean 
value of 55.69 BqKg-1. This mean value is significantly lower than 
the 370 BqKg-1 specified in the UNSCEAR (2000) report. This 
indicates no consistent exposure to gamma radiation from the 
buildings constructed with these soils. It is worth noting that the 
Radium equivalent activity in Nigerian soils or building materials 
generally falls within the safe limit of below 370 BqKg-1, as 
observed in Isinkaye and Agbi (2013), Orosun et al. (2020b), and 
Mbonu and Ben (2021). Nevertheless, we assess through other 
hazard parameters to get convincing reasons for any 
recommendation. 
The outdoor absorbed dose rate of radiation emanating from these 
soils corresponds to the dose received in nano Greys per hour. For 
radiological safety, it is important to ensure that outdoor exposure 
to humans does not exceed 59.00 nGyh-1. According to the findings 
of the study, the mean outdoor exposure is 24.64 nGyh-1, which 
falls within the established safety limit. The data indicates that even 
the highest value (46.99 nGyh-1) remains well within the safe limit. 
Similarly, the average outdoor annual effective dose rate (AEDR) 
of radiation received from these soils is 0.03 mSvy-1. Notably, even 
the maximum AEDRout value (0.06 mSvy-1) is lower than the 
recommended safety limit of 0.07 mSvy-1 as specified by 
UNSCEAR (2000). The outdoor exposure parameters estimated 
from these soils align with similar trends observed in other parts of 
Nigeria. For example, a study on laterite mining fields in north-
central Nigeria by Orosun et al. (2020b) reported a mean AEDRout 
value of 0.06 mSvy-1 and a mean value of 47.04 nGyh-1, both well 
within the safety limits. 
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Table 5. Radium equivalent activity and the radiological hazards parameters. 

Sample 
Code 

Raeq 
(BqKg-1) 

Din 
(nGyh-1) 

Dout 
(nGyh-

1) 

AEDRin 
(mSvy-1) 

AEDRout 
(mSvy-1) 

ELCR(×10-3) AGED 
(mSvy-1) 

RLI Hin Hext 

TH1 83.73 68.80 36.74 0.34 0.05 1.35 0.25 0.59 0.28 0.23 

TH2 44.16 36.42 19.54 0.18 0.02 0.71 0.14 0.31 0.14 0.12 

TH3 107.64 87.20 46.99 0.43 0.06 1.71 0.33 0.76 0.34 0.29 

TH4 69.51 57.22 30.58 0.28 0.04 1.12 0.21 0.49 0.23 0.19 

TH5 68.76 56.36 30.22 0.28 0.04 1.10 0.21 0.48 0.22 0.19 

TH6 43.82 36.09 19.30 0.18 0.02 0.71 0.13 0.31 0.15 0.12 

TH7 44.46 37.67 20.06 0.18 0.02 0.74 0.14 0.32 0.15 0.12 

TH8 30.47 26.37 13.95 0.13 0.02 0.52 0.10 0.22 0.11 0.08 

TH9 23.73 20.11 10.66 0.10 0.01 0.39 0.07 0.17 0.08 0.06 

TH10 40.84 34.73 18.41 0.17 0.02 0.68 0.13 0.29 0.14 0.11 

Mean 55.69 46.08 24.64 0.23 0.03 0.90 0.17 0.39 0.18 0.15 

Max 107.64 87.20 46.99 0.43 0.06 1.71 0.33 0.76 0.34 0.29 

Min 23.73 20.11 10.66 0.10 0.01 0.39 0.07 0.17 0.08 0.06 

Acceptable 
Limits* 

370 84.00 59.00 0.41 0.07 3.75 0.30 ≤ 1 ≤ 1 ≤ 1 

*(UNSCEAR, 2000) 
 
The outdoor exposure assessed in this study is significantly low 
compared to other parts of the world. For example, Cameroonian 
soils assessed by Nguelem et al. (2016) had a mean outdoor dose 
rate of 188.2 nGyh-1, which exceeds the world mean value of 60 
nGyh-1. Similarly, the mean outdoor dose rate for quartz in Egypt 
(Gawad et al., 2024) was 278.4 nGyh-1, with a corresponding 
mean value of the AEDRout (0.3 mSvy-1) surpassing the safety 
limit of 0.07 mSvy-1. 
The indoor hazard parameters assessed in this study follow a 
similar trend to their outdoor counterparts. The mean indoor 
absorbed dose rate is 46.08 nGyh-1, and the mean AEDRin is 0.23 
mSvy-1, both measuring below the safety limits of 84.00 nGyh-1 and 
0.41 mSvy-1 respectively. This indicates no potential radiological 
danger from living in the houses built with the bricks from those 
soils. The indoor hazard parameters are also considerably lower 
than in some other parts of Nigeria, such as the assessment of 
Kaolin in the Dahomey basin, Nigeria by Adagunodo et al. (2018). 
 
The hazard parameters specific to risk assessment, such as the 
ELCR and the AGED, were also estimated. The ELCR ranged from 

0.39 × 10−3 to 1.71 × 10−3, with an average value of  

0.90 × 10−3. These values are considerably below the safety 
limit provided by UNSCEAR (2000). Similarly, the AGED ranged 
from 0.07 to 0.33 mSvy-1, with an average value of 0.17 mSvy-1, 
measuring below the world average value of 0.30 mSvy-1 (Orosun 
et al., 2020b). It follows that the sensitive organs (gonads) in the 
bodies of the exposed victims living in these buildings are not 
encountering a radiological hazard threat. 
Regarding the exposure to gamma radiation from the buildings built 
with those soils, the evaluated RLI ranged from 0.17 to 0.76, with 
a mean value of 0.39. For radiological safety in buildings, it is 
expected that the RLI should be less than unity (UNSCEAR, 2000). 
The mean value of the RLI as well as the maximum value were all 
less than unity. The RLI assessed in this study is considerably 

lower than other African countries such as Chad, whose 
radiological hazard assessment had a RLI ranging from 0.053 to 
3.441 (Ebongue et al., 2018). 
The external and internal hazard indices associated with the 
buildings built with these soils were also estimated. Results show 
that the Hext ranged from 0.06 to 0.2, with an average of 0.15, while 
the Hin ranged from 0.08 to 0.34, with an average of 0.18. All the 
hazard indices are considerably less than one as recommended by 
UNSCEAR (2000) for safety in buildings. These values are 
considered safe since an external hazard index of less than 1 
corresponds to a Raeq less than 370 Bqkg-1, which implies no 
hazardous exposure to gamma radiation in these buildings. 
 
Conclusion 
This study assessed the activity concentrations of radionuclides 
238U, 232Th, and 40K in soils used for brick-making and evaluated 
the associated radiological hazard parameters. The mean activity 
concentrations of 238U, 232Th, and 40K were found to be 12.5±1.3, 
26.7±1.7, and 65.1±5.2 Bqkg-1 respectively. These values, except 
for some instances of 232Th were below the global safety limits set 
by UNSCEAR (2000). 
The radiological hazard parameters, including radium equivalent 
activity (Raeq), absorbed dose rates, and annual effective dose 
rates (AEDR), were all significantly below the recommended safety 
thresholds, indicating minimal risk of radiological exposure. Both 
indoor and outdoor hazard indices and the gamma radiation risk 
(RLI) were well within safe limits. 
Comparisons with studies from other regions showed that the 
radionuclide concentrations and hazard indices in the studied soils 
were generally lower than those reported in high-risk areas such as 
Cameroon, Egypt, and parts of India. This suggests that soils in the 
study area pose a lower radiological hazard, making them safe for 
use in construction. 
In conclusion, the soils assessed in this study meet global 
radiological safety standards for use in building materials, with 
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negligible risks of gamma radiation exposure to inhabitants. 
However, continued monitoring and adherence to safety guidelines 
are recommended to maintain safe building practices. 
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