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A B S T R A C T   

Increased concerns about human population exposure to increased ionizing radiations emanating from anthro-
pogenic sources of radiation, as well as the associated environmental risk, have necessitated radioactivity 
baseline studies in many regions. This work based on standard procedures designed suite nuclear power plant 
(NPP) radiological monitoring plan was conducted to assess the radiological baseline of Itu, Nigeria (5ο10′0 N, 
7◦59′0 E). A total of 44 soil samples were collected and analyzed using High Purity Germanium detector. The 
average activity concentration values for soil samples were 47.98 ± 8 Bqkg− 1226 for Ra, 15.15 ± 1 Bqkg− 1 for 
238U, 38.65 ± 6 Bqkg− 1 for 232Th, and 41.55 ± 6 Bqkg− 1for 4 K. These mean values were lower than the UN 
Scientific Committee on the effects of atomic radiation’s world mean values of 33, 45, and 420 Bqkg− 1 for 
238U/226Ra, 232Th, and 4 K, respectively. The hazard indices calculated using the measured activity concentra-
tions indicated 32.04 nGy/h, 0.042 mSv/yr, and 0.17 mSv/yr for mean GDR, outdoor, and indoor AEDE, 
respectively. In addition, the average radium equivalent resulting from terrestrial gamma of activity concen-
tration was 113.94 Bqkg− 1, with a mean ELCR of 0.15 × 10− 3. These baseline data show that there is no sub-
stantial radiological concern for human health.   

1. Introduction 

In recent years, there has been a great deal of research on low-level 
exposure of human beings to ionizing radiation from naturally occurring 
radionuclides, specifically 232Th, 238U, their decay species, and 40K in 
soils. However, depending on environmental conditions such as local 
climate and geological characteristics, the concentrations of these ra-
dionuclides in soils, as well as the resultant rate of human exposures, 
vary greatly (Luiz do Carmo Leal et al., 2020; Sirin, 2020; Ekong et al., 
2019; Manigandan and Chandar Shekar (2014); UNSCEAR, 2008). 
Measurements of natural and artificial radionuclides in soil are critical 
radiological tool for the evaluation of human and non-human biota 
exposures to ionizing radiation and identification of areas of elevated 
environmental radioactivity levels (Movsisyan et al., 2021; Baltas et al., 
2019; Barnekow et al., 2019; Cinelli et al., 2018; El Samad et al., 2013). 

The significant proportion of the natural background radiation in the 
environment is caused by Naturally Occurring Radioactive Materials 
(NORM), which are classified as radioactive materials containing 

negligible amount of radionuclides (Missimer et al., 2019; IAEA, 2007a, 
b; Kathren, 1998). Natural radiation exposure is divided into three 
types: planned, emergency, and existing. The planned exposure scenario 
is when an ionizing radiation source is introduced on purpose; the 
emergency radiological exposure is when a planned introduction of an 
ionizing radiation source goes out of control; and the existing exposures 
are those radiological cases triggered by natural background radiations 
from the earth crust. The sources of radiation are classified as primor-
dial, cosmic and anthropogenic radionuclides. Primordial or terrestrial 
radionuclides are radioactive materials that emanate from the Earth’s 
crust and mantle, and are predominantly composed of uranium-238 
(238U), thorium (232Th) and potassium (4 K) (IAEA, 2015; Clark and 
Veil, 2009). 

Natural alpha emitters 232Th, 238U, 226Ra,210Po, 234U, beta emitter 4 

K, 210Pb, 228Ra, and artificial radionuclides 241Am, 90Sr 137Cs are present 
in varying concentrations in the environment and are mostly dependent 
on the geological formation of a region (Njinga et al., 2015; UNSCEAR, 
2000a). Cosmogenic NORM comes from neutron interactions with 
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elements like carbon-14 (14C) hydrogen-3 (3He) under high tempera-
tures in stars (IAEA, 2015). Anthropogenic radionuclides are formed by 
radiological exposure to materials used in human-mediated activity such 
as medical applications, oil and gas exploration and exploitation, energy 
production (coal), mineral mining and milling, and nuclear reaction 
operations (Giwa et al., 2018; Njinga et al., 2015; Sohrabi, 1998). 

This study is an important measure toward meeting the radiological 
requirements for selecting sites for nuclear power plant (NPP) con-
struction in Nigeria, as stated in the media by NPP promoters (You-
deowei, 2017; Anuforo and Onyedika (2016); Onwuemenyi, 2010). The 
aims of this study are to measure and provide a data set of natural ra-
dionuclides in soil of the area, and to calculate the radiological hazard 
indices for the detected radionuclides in order to provide baseline data 
that can be used to evaluate the potential radiation levels from the area. 

2. Materials and method 

2.1. Instrumentation 

The major instruments used in this work included GARMIN etrex 10 
(GPS Finders – Serial number 3964), and ArcGIS. The High Purity 
Germanium (HPGe) radiation detector (8023 Model: Gc with Serial 
Number: 9744 and Pre-Amplifier Model: 2002csl) at the Environmental 
Monitoring Laboratory of National Institute of Radiation Protection and 
Research (NIRPR), University of Ibadan was employed gamma spec-
trometric analysis. The NIRPR has participated in inter-comparison 
analysis with other environmental analytical laboratories organized by 
the International Atomic Energy Agency (IAEA), Vienna, Austria. The 
HPGe detector is a Canberra coaxial type with 50% relative efficiency, 
having a resolution of 2.4 keV at 1.33 MeV of Co-60. The HPGe detector 
is well shielded by a lead shield to protect it from external radiation 
interference during measurement. The calibration of the HPGe detector 
was performed using IAEA calibration Multi-Gamma Ray Standard 
(MGS6M315), to acquire spectrum peaks of radionuclides spanning 
through energy lines of 241Am at 59.5 keV to 208Tl at 2614 keV, with 

which all other unknown radionuclides were dully detected and iden-
tified using Genie 2K software (Lilley, 2001; Knoll, 2010). The general 
quality control of the radiochemical procedures, as well as the efficiency 
calibration of the gamma-counting devices, were performed using 
standard reference material from the IAEA for varying energies of in-
terest in the specified sample geometry. 

2.2. Study area 

Itu (5◦10′0 N, 7◦59′0 E) is a Local Government Area in Akwa Ibom 
State, Nigeria. It has a landmass that covers approximately 606.10 km2, 
and is located about 27 km from Uyo, the capital city of Akwa Ibom State 
(Fig. 1). The Itu people’s major occupations are farming, fishing, and 
trading, with a projected population of 161,572 in 2013 (AKS, 2014). 
The study area is bounded to the north by Eki/Odukpani in Cross River 
State, to the south by Uyo, to the east by Anakpa/Uruan in Akwa Ibom 
State, and to the west by Oko Ita/Ibiono Ibom in Akwa Ibom State. The 
climate is tropical, with rainy and dry seasons. The rainy season has an 
average annual precipitation of 2409 mm, with temperatures varying 
from 25.5 to 28.3 ◦C (Ayoade, 1998). The area is drained by the Cross 
River on the east, which branches and flows to form part of the Itu River, 
the Imo River on the southwest, and the Qua Iboe River on the 
south-central parts; all of these rivers flow from the State’s northern 
highlands and drain into the Atlantic Ocean in the south. The elevation 
ranges from 66 to 131 m above sea level (Beka and Udom, 2014). 

2.3. Sampling zones and samples collection 

To ensure optimum coverage and representativeness, the entire 
study area was divided into four (4) zones in accordance with the NPP 
radiological monitoring plan (MoEF, 2010). The zones are as follows: (1) 
the Exclusion Zone (EZ) of approximately 1.5 km; (2) the Sterilized Zone 
(SZ) of approximately 5 km; (3) the Emergency Planning Zone (EPZ) of 
approximately 16 km; and (4) the Impact Assessment Zone (IAZ) of 
approximately 30 km radius. The research design also included a 5 km 

Fig. 1. Map of Itu showing districts and major river (Insert: Nigeria and Akwa Ibom State).  
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radius (5) Radiological Assessment Zone (RAZ) for collecting control 
samples. The NPP radiological monitoring demarcated arrangements for 
the purpose of this study is presented in Fig. 2. 

Soil samples were obtained by removing the top soil to a depth of 15 
cm after clearing the top vegetation of grass and other debris. In 
accordance with the NPP radiological monitoring plan, a systematic 
random sampling approach was used for each zone considered to have 
the same homogeneity. It is important to note that the sampling device 
was thoroughly cleaned after each collection point to prevent cross 
contamination of samples. Each sample was appropriately labeled with 
codes for proper identification before being carefully packed in a poly-
ethylene bag, sealed, and transported for analysis. 

2.4. Sample preparation and analysis 

A total of 44 soil samples were collected from the villages in Itu 
covering the entire four radiological monitoring zones and the 5 km 
villages as control. The samples were air-dried to remove excess mois-
ture and then oven-dried at 140 ◦C to obtain constant weight. Hard or 
stony samples were crushed and pulverized into powdery form and 
sieved with a mesh of 500 μm, then packaged and sealed in Marinelli 
beakers and kept for 28 days to attain secular equilibrium between 
parent and progeny for 238U and 232Th. The samples were then counted 
for 18,000 s with HPGe detector. The 238U decay chain were considered 
by identifying γ-ray photo-peaks corresponding to 226Ra at 186 keV, 
214Pb at (242.0 keV, 295.2 keV & 351.9 keV), 214Bi (609.3 keV, 768.4 
keV, 806.19 keV, 1120.3 keV, 1377.669 keV and 1401.516 keV 
respectively) and 234Pa(1001.03 keV). Also, the 232 Th day chain in the 
samples were considered by identifying γ-ray photo-peaks of 228Ac at 
(209.3 keV, 338.3 keV, 409.5 keV and 911.1 keV), 208Ti at (277.4 keV, 
583.2 keV, 860.6 keV and 2614 keV), 212Bi at (727.33 keV and 785.37 
keV), 212Pb (238.6 keV and 300.1 keV and 224Ra (240.986 keV), etc. 
Lastly, the 4 K and 137Cs non decay chain radionuclides were estimated 
from emitted gamma ray with energies of 1460.8 keV and 661 keV, 
respectively. Upon attainment of secular equilibrium, analyzed photo 
peaks counts of progenies with greater intensity or those with higher 
energy were collated under respective parents of 238U and 232Th for 
evaluation using equation (2). 

In the process of photo peak selection, often times there are over-
lapping contributing influence of radionuclides with close proximities 
thereby increasing the activity concentration. To circumvent this effect, 
the use of HPGe detector provided better energy resolution by analyzes 
complex spectra or distinguish any energy lines of close proximity like 
235U at 185.72 keV and 226Ra at 186 keV was employed in this study. 

The efficiency of the HPGe detector was estimated using the standard 
IAEA source to calibrate the detector prior to sample analysis. The ab-
solute efficiency (εγ) of a HPGe detector at specific gamma energy is 
given by Equation (1) (ASTM, 2005). 

εγ =
Cnet

A × Iγ × T
(1)  

where Cnet is the source net count, A is the activity in Bq of gamma ray 
sources used in calibration and Iγ is absolute gamma decay intensity of 
specific energy peak (is the probability of emission per transformation 
for a photopeak specific energy) and T is the counting time (18000 s). 
Activity concentration (Ac) was calculated from analyzed using the 
equation (ASTM, 2005): as: 

Ac =
Cnet

εγ × Iγ × m × t
(2)  

where m is the mass of the sample. The unit of activity concentration of a 
soil sample is given as Bqkg− 1. The activity concentration was used to 
estimate radiological hazards indices such as Gamma dose rate (GDR), 
Outdoor and indoor annual effective dose rate (AEDE), External hazard 
index, and Excess life cancer risk (ELCR). 

Gamma dose rate (D) - This is estimated as absorbed dose in the air 
at 1 m above the ground, determined by postulation that all the prog-
enies of 226Ra and 232Th are in radioactive equilibrium with their pre-
decessors. This is given (UNSCEAR, 2008; Rani and Singh, 2005) as 

D= 0.461ARa + 0.623ATh + 0.0414AK (3) 

Annual effective dose rate (AEDE) - The factors used are from D 
obtained from the with a conversion factor of 0.7 Sv/Gy of absorbed 
dose in the air. The occupancy factor (Of) is the fraction of time spent 
indoors and outdoors and were estimated as 0.8 and 0.2, respectively 
(Al-Sulaiti, 2009; UNSCEAR, 2008): 

Fig. 2. Demarcated zones of NPP radiological monitoring zones and sampling points.  
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AEDEμSv =DnGy/h × 8760h/y × Of × 0.7Sv/Gy × 10− 3 (4) 

Excess life cancer risk (ELCR) is an estimation of values obtained from 
the product of determined AEDE with Duration of Life (DL, 70 years for 
children and 50 years for an adult), using (Taskin et al., 2009; Usikalu 
et al., 2011): 

ELCRmsv/y =AEDEmSv/yr × RF × DL (5) 

Radium equivalent activity (Raeq) was calculated for relative pur-
poses, assessing the hazard associated with material containing different 
concentrations of 226Ra, 232Th and 4 K, Radium equivalent activity was 
estimated using the expression (Usikalu et al., 2011; Mantazul, 1979; 
Beretka and Mathew, 1985). 

Raeq =ARa + 1.43ATh + 0.007AK (6)  

where ARa, ATh and AK are the specific activities of 226Ra, 232Th and 4 K 
(in Bq/kg). In defining Raeq activity the assumption is made that 370 Bq/ 
kg for 226Ra, 259 Bq/kg for 232Th and 4810 Bq/kg for 4 K yields the same 

gamma dose rate (UNSCEAR, 1982). 
External hazards index (Hex) was evaluated from natural gamma 

radiation and the prime objective is to limit the activity concentration 
(A) of 226Ra, 232Th and 40K to ensure that a permissible dose rate of 1 
mSv/y and is not exceeded by the expression (Beretka and Mathew, 
1985; UNSCEAR, 1982; Al-Sulaiti, 2009). 

Hex =
ARa

370
+

ATh

259
+

AK

4810
≤ 1.(without  doors  and  windows) (7) 

For the hazard to be considered as negligible, the Hex value must be 
less than unity. However, the denominator values for ARa changes to 740 
and ATh changes to 540 with doors and windows (Hewamanna et al., 
2001), also the denominator value for ARa changes to 185 if internal 
hazards are taken into account (Beretka and Mathew, 1985; Xinwei, 
2005). 

Table 1 
Activity concentrations in soil samples from monitoring zones in the study area.  

Code Name Activity concentration (Bqkg− 1) 
226 Ra 238 U 232Th 4 K 137Cs 

Exclusive Zone [EZ] 
EZ01 68.12 ± 12 23.61 ± 2 47.39 ± 5 38.72 ± 4 – 
EZ02 83.35 ± 13 23.49 ± 2 51.41 ± 5 35.57 ± 4 – 
EZ03 110.72 ± 14 41.95 ± 3 68.44 ± 6 84.20 ± 7 – 
EZ04 42.19 ± 8 14.62 ± 1 31.67 ± 4 29.27 ± 4 – 
EZ05 58.65 ± 12 22.46 ± 2 42.36 ± 4 36.04 ± 3 – 
EZ06 56.52 ± 9 18.73 ± 2 34.59 ± 4 38.45 ± 4 – 
EZ07 23.21 ± 7 9.03 ± 1 13.92 ± 2 28.46 ± 3 – 
EZ09 26.46 ± 7 10.47 ± 1 17.81 ± 3 21.85 ± 3 – 
Sterilized Zone (SZ) 
SZ01 75.80 ± 12 23.25 ± 2 40.15 ± 4 36.76 ± 4 – 
SZ02 83.35 ± 13 23.49 ± 2 51 ± 4 35.59 ± 4 – 
SZ03 41.79 ± 9 9.54 ± 1 15.19 ± 3 350 ± 20 – 
SZ04 ND 3.83 ± 1 6.54 ± 2 120.40 ± 8 – 
SZ05 85.82 ± 12 23.32 ± 2 53.11 ± 5 78.38 ± 6 – 
SZ06 80.76 ± 14 31.15 ± 3 67.50 ± 6 40.98 ± 5 – 
SZ07 125.60 ± 15 40.27 ± 3 62.92 ± 6 86.61 ± 7 – 
SZ08 48.16 ± 9 20.48 ± 2 38.80 ± 4 36.42 ± 3 – 
SZ09 75.46 ± 15 31.50 ± 3 56.60 ± 7 42.97 ± 5 – 
Emergency Planning Zone (EP) 
EPZ 01 112.37 ± 15 45.99 ± 3 77.03 ± 7 128.11 ± 9 0.51 ± 0.2 
EPZ 03 64.42 ± 11 21.42 ± 2 46.03 ± 5 34.62 ± 4 – 
EPZ 04 63.18 ± 10 23.75 ± 2 44.66 ± 5 39.50 ± 4 1.02 ± 0.2 
EPZ 05 66.30 ± 11 24.00 ± 2 48.93 ± 5 37.34 ± 4 – 
EPZ 06 84.21 ± 9 25.46 ± 2 51.05 ± 6 45.89 ± 5 – 
EPZ 07 54.68 ± 9 13.98 ± 1 26.79 ± 3 27.39 ± 3 0.37 ± 0.2 
EPZ08 ND 5.83 ± 1 14.96 ± 2 22.26 ± 3 – 
EPZ 09 52.07 ± 11 21.47 ± 2 44.94 ± 5 28.17 ± 4 1.65 ± 0.4 
EPZ 10 54.16 ± 9 15.23 ± 1 27.10 ± 3 26.71 ± 3 0.79 ± 0.3 
EPZ 11 63.86 ± 11 20.98 ± 2 37.95 ± 4 37.64 ± 3 – 
EPZ 12 28.93 ± 7 11.14 ± 1 17.57 ± 3 20.64 ± 2 – 
Impact Assessment Zone (IAZ) 
IAZ01 26.14 ± 8 10.78 ± 1 19.77 ± 3 30.69 ± 3 – 
IAZ 02 44.10 ± 9 13.18 ± 1 26.26 ± 3 19.29 ± 3 – 
IAZ 03 44.98 ± 10 12.72 ± 1 24.38 ± 3 28.33 ± 3 – 
IAZ 04 45.34 ± 10 12.80 ± 1 20.51 ± 3 21.99 ± 3 – 
IAZ 05 62.77 ± 12 24.77 ± 2 43.46 ± 5 39.35 ± 4 – 
IAZ 06 137.31 ± 18 51.25 ± 4 109.27 ± 9 98.40 ± 8 – 
IAZ 07 56.80 ± 9 22.08 ± 2 37.84 ± 4 44.54 ± 4 0.80 ± 0.2 
IAZ 08 32.11 ± 9 16.40 ± 1 27.44 ± 4 32.58 ± 3 1.77 ± 0.2 
IAZ 09 72.03 ± 11 18.35 ± 2 36.73 ± 4 38.87 ± 4 – 
IAZ 10 53.30 ± 9 17.35 ± 2 29.33 ± 3 42.29 ± 4 0.87 ± 0.2 
5 km Control 
Eki 56.04 ± 12 15.54 ± 1 28.80 ± 3.44 52.45 ± 5 – 
OkoIta 27.34 ± 8 15.76 ± 1 21.70 ± 2.91 19.97 ± 3 – 
Anakpa 60.68 ± 12 15.53 ± 1 33.56 ± 3.56 34.94 ± 4 – 
Uyo 38.63 ± 8 14.28 ± 1 18.39 ± 2.81 28.60 ± 3 – 
Range 23.21 ± 7–110.72 ± 14 9.03±1–41.95 ± 3 13.92±2–68.44 ± 6 21.85 ± 3–84.20 ± 4 0.32 ± 0.1–2.97 ± 0.4 
Mean 47.98 ± 8 15.15 ± 1 38.65 ± 6 41.55 ± 6 1.07 ± 0.3 
World Mean 33 33 45 420 100  
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3. Results and discussions 

3.1. Soil activity concentrations 

The activity concentration (Bqkg− 1) for soil samples from the zones 
evaluated in Equation (2) are presented in Table 1 while mean activity 
concentrations for 238U radionuclides from the various radiological 
monitoring zones are presented in Fig. 3. 

The activity concentration values for 226Ra ranged between 23.21 ±
7 Bqkg− 1 - 110.72 ± 14 Bqkg− 1 with average value of 47.98 ± 8 Bqkg− 1; 
the values for 238U ranged between 9.03±1–41.95 ± 3 Bqkg− 1 with 
average values of 15.15 ± 1 Bqkg− 1; 232Th range between 13.92 ± 2 
Bqkg− 1- 68.44 ± 6 Bq/kg with average values of 38.65 ± 6 Bqkg− 1, and 
the values for 4 K ranged between 21.85 ± 3 Bqkg− 1 - 84.20 ± 38 Bqkg− 1 

with average values 41.55 ± 6 Bqkg− 1. These mean activity concen-
tration values were lower than the admissible limits (UNSCEAR, 2000a). 
The low activity concentrations of 226Ra, 238U, 232Th, 4 K implies that 
there are no human TENORM generated activities that have impacted on 
land, and may have altered the concentrations in the soil. However, the 
present concentration might be attributed to geological formations of 
the area (Njinga et al., 2015). Fig. 3 is a specific 3-Dimensional Arc-GIS 
map presentation of 238U activity concentration data obtained from 
Table 1 and was placed in NPP radiological monitoring zones of Fig. 2. 

According to geological data, the study area is underlain by Imo 
formations and is located on the southeastern edge of the Anambra 
Basin. The analyses of minerals show that deposits of kaolinite, smec-
tites, palygorskite, and other minerals can be found in rocks ranging in 
colour from medium grey to dark grey, such as clay/shale and sandstone 
(Okunlola and Egbulem, 2015). Furthermore, the Nigerian coastal plain 
is thought to cross through the Niger Delta sedimentary basins, a 
pro-grading depositional complex within the shape of the Abalaliki 
Trough in Eastern Nigeria to the Benin Flank in Western Nigeria, which 
opens up to the Atlantic Ocean. The sedimentary source in the area 
consists of mainly crystalline rock of Guinea high-lands basement 
complex alone with cretaceous and tertiary sediments derived from 
Cameroun volcanic zone (Allen, 2011). These activity concentration 
findings are a reflection of what emanates as background ionizing ra-
diation measurement of this study area, and results were within the 

admissible limits (Ekong et al., 2019). 
The 137Cs radionuclide concentrations found in few locations in the 

area ranged between 0.32 ± 0.1–2.97 ± 0.4 Bqkg− 1with mean 1.07 ±
0.3 Bqkg− 1 below admissible limits of 100 Bqkg− 1. However, its insig-
nificant presence may either be from scrap metal recycling facility and/ 
or may have been spread into the stratosphere and troposphere, then 
gradually return to the earth as radiological fallouts after a nuclear test 
(IAEA, 2011; ICRP, 2002; IAEA, 2014a, 2014b; IAEA, 2005a; Martin 
et al., 2012; Ogundare and Nwankwo, 2015; Ekong et al., 2016). The 
mean activity concentration for all radionuclides under consideration of 
soil sample from all the radiological monitoring zones as well as the 
results of 5 km impact from 4 villages/LGAs surrounding Itu, Nigeria 
serving as control, was also found to be of low concentration (Fig. 4). 

3.2. Radiological hazards evaluation 

Table 2 presents evaluated radiological hazards indices consider-
ations arising from analyzed activity concentration results were evalu-
ated using Equations (3)–(8), which are but not limited to Gamma Dose 
Rate (GDR), Outdoor and Indoor Annual Effective Dose Rate (AEDR), 
Radium equivalents, External Hazard index and Excess Life Cancer Risk 
(ELCR). 

The range of GDR from terrestrial gamma activity concentration for 
the entire four zones were 10.82–95.78 nGy/hr with a mean of 32.04 
nGy/hr. The range of AEDE outdoor was 13.28–117.46 μSv/yr with a 
mean concentration of 42.98 μSv/yr. The range of AEDE indoor was 
53.10–469.83 μSv/yr with mean of 171.91 μSv/yr; The Radium Equiv-
alent arising from terrestrial gamma of activity concentration for entire 
four zones ranged10.20–294.25 Bg/kg with a mean of 113.94 Bg/kg and 
ELCR ranged (0.05–0.41) × 10− 3 with the mean of 0.15 × 10− 3. These 
values were lower than the respective admissible limits as presented in 
Table 2 (Al-Sulaiti, 2009; UNSCEAR, 2000b; ICRP, 1990; UNSCEAR, 
2000b). These low estimated values of radiological hazards indices 
considerations as regards to Gamma Dose Rate (D), Outdoor and Indoor 
Annual Effective Dose Rate (AEDR), Radium equivalent, External Haz-
ard index and Excess Life Cancer Risk (ELCR) suggest that the radioac-
tivity level in the area does not pose a significant threat to the health of 
the populace. 

Fig. 3. A 3-Dimensional Arc-GIS map for 238U.  
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Table 3 presents other radioactivity studies conducted in Nigeria and 
elsewhere. A study whose results are very close to this study was carried 
out randomly from some quarry site soil samples collected at different 
locations in Ayadehe, Oku Iboku, Odiok Itam and Ntak Inyang villages in 
Itu, Nigeria. The radionuclide activity concentrations measured in 
Bqkg− 1 for 4 K, 238U and 232Th from quarry samples using gamma 
spectroscopy method with NaI(Tl) detector were found to be 143.54 ± 8, 
2.47 ± 0.3, 3.70 ± 0.2, respectively for Ayadehe, 73.69 ± 4, 2.04 ± 0.2, 
2.47 ± 0.3 respectively for Oku Iboku, 33.96 ± 2, 8.84 ± 0.9, 3.01 ± 0.2, 
respectively for Odiok Itam and 63.77 ± 3, 7.81 ± 0.8, 2.31 ± 0.1, 
respectively Ntak Inyang (Essien and Akpan (2016)). 

These values were found to be low when compared to world mean 
values, which may be associated with geological formations, and the 
absence of substantial anthropogenic activities to increase the radio-
nuclide concentration in the zone. The measured levels of radiological 
hazard exposures from the study areas were relatively low, posing no 
significant health risk; therefore, quarry products can be used as 
building materials (Essien and Akpan (2016)). The radionuclide activity 
concentrations and radiological hazards assessment associated with 
samples from various streams of metal recycling facilities have been 
identified in Delta State (Ogundare and Nwankwo, 2015). The activity 

concentrations were found to be 12.93 ± 2, 19.00 ± 3 and 54.44 ± 3 for 
Bqkg− 1 of 238U, 232Th and 4 K, respectively, which is lower than the 
world mean. These results are in agreement with the current study. 
Furthermore, the activity concentration of this present study is less than 
an evaluation conducted from farmland soil samples of ex-tin mining 
locations Jos Plateau Nigeria. Activity concentration of Bitsichi area is 
163 ± 92, 451 ± 358 and, 455 ± 221 for 226Ra, 232Th and, 4 K; Bukuru 
area 109 ± 28, 154 ± 56 and, 961 ± 263 for 226Ra, 232Th and, 4 K; Ropp 
area 129 ± 65, 147 ± 75 and, 1052 ± 199 for 226Ra, 232Th and, 4 K. From 
the evaluated results, of all the three farmlands were above the world 
means, which were attributed to mining activities (Jibiri et al., 2011). 

Radiological evaluation was conducted in some soil samples from 
five states of South-western, Nigeria. The mean concentration of 238U in 
soil was 28.81 ± 4 Bqkg− 1; that of 232Th was calculated to be 5.93 ± 0.6 
Bqkg− 1 while and 4 K appeared undetected. The activity concentrations 
of the radionuclides in soil agreed with that of the present study and 
found to be lower than the world mean (Giwa et al., 2018). The esti-
mation of the radioactivity of tin tailing samples collected from a mining 
site in Jos, Nigeria to determine their activity concentrations using a 
gamma-ray spectrometer with a HPGe detector has also been reported 
(Ademola, 2008). The 4 K was below detectable limits in the studied 

Fig. 4. A 3-Dimensional Arc-GIS map of mean activity concentration for radionuclides. in soil sample of the monitoring zones.  

Table 2 
Hazard Indices from activity concentrations at various zones.  

ZONES GDR (nGy/hr) Raeq (Bg/Kg) Hex (mSv/yr) AEDR(O) 
(mSv/yr) 

AEDR(I) 
(mSv/yr) 

ELCR (10− 3) 

Exclusive Zone 35.04 113.91 0.32 0.042 0.17 0.15 
Sterilized Zone 40.46 131.49 0.37 0.049 0.20 0.17 
Emergency Planning 34.21 111.39 0.31 0.041 0.17 0.15 
Impact Assessment 32.20 104.88 0.29 0.039 0.16 0.14 
5 km control 24.41 82.54 0.23 0.042 0.12 0.10 
Study Range 10.82–95.78 10.20–294.25 0.05–0.81 0.013–0.12 0.05–0.47 0.05–0.41 
Study Average 35.04 113.94 0.32 0.043 0.17 0.15 
World Average 59 370 1 0.46 0.46 0.29  
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samples. The activity concentrations of 238U ranged between (17.1 ×
102–16.6 × 103) Bqkg− 1 with means of 72.2 × 102 Bqkg− 1 and 232Th 
ranged between (52.9 × 102 to 47.5 × 103) Bqkg− 1 with means of 16.8 
× 103 Bqkg− 1. These comparison studies show that activity concentra-
tions in areas where there are no radiological anthropogenic activities 
are found to be lower or within the world average concentration, 
whereas areas where radiological anthropogenic activities are found 
tend to indicate higher concentrations. 

4. Conclusion 

The natural activity concentrations of radionuclides (238U, 232Th, 
and 4 K) measured by the HPGe detector were assessed in soil samples 
collected from designated zones in Itu, South-south Nigeria. The radio-
nuclides’ activity concentration indicated marked variability based on 
studied zones. A fission product (137Cs) was also detected. The radio-
logical hazard indices were calculated using the measured activity 
concentrations with mean GDR, outdoor, and indoor AEDE computed as 
32.04 nGy/hr, 0.042 mSv/yr, and 0.17 mSv/yr, respectively. Most of 
these results suggest values that are less than the permissible limits. The 
low values observed may be attributable to the area’s geology and 
geographical location, rather than to any anthropogenic activity. The 
values presented in this paper can be used as baseline radiological data 
in future analyses, as well as epidemiological studies of local population 
groups. Furthermore, if radiological or nuclear activities begin in the 
proposed region, periodic monitoring and assessment are 
recommended. 
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