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Abstract

Natural radionuclides are present in every constituent of the environment. Monitoring of environmental radionuclides
is very vital to avoid exposure above the threshold limit. Due to this, the background radiation from **U, **Th,
and “K of Bell University of Technology and Canaan Land City was determined from 20 sample points each in
the two areas using RS230 Gamma Spectrometer. The mean activity concentration of “’K, U, and **Th for Bells
University of Technology was 442.66 Bqg/kg, 41.98 Bq/kg, and 48.35 Bq/Kg, respectively. In Canaan City, mean
activity concentration of “°K, **U, and ***Th was 373.65 Bq/kg, 18.85 Bq/kg, and 67.22 Bg/kg, respectively. The mean
absorbed dose rates recorded by the spectrometer directly were 70.03 nGy/h and 66.65 nGy/h, while that estimated
from the activity concentration were 67.06 and 64.89 nGy/h for Bells University and Canaan City, respectively. The
measured and estimated absorbed dose rates were higher than the safe limit of 57 nGy/h. The mean values of other
radiological parameters estimated, except that of the gamma index and excess lifetime cancer risk were lower when
compared to the recommended limit. It could be concluded that the possibility of suffering any radiation risk is low in
these two areas, but there is possibility of cancer risk for someone that has stayed in the area for 70 years and above.
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in environmental radioactivity due to anthropogenic
activities [11], [12] or geogenic processes is important.
Usikalu et al. [13] relied heavily on results from such
studies that assess the activity concentration of
primordial radionuclides such as ***U, **Th, and their
respective progenies together with the non-series “K.

Introduction

Humans are continually exposed to ionizing
radiation of cosmic and terrestrial origin [1], [2], [3].
The principal component of radiation is terrestrial
gamma radiation which originates chiefly from the
radioactive decay of natural potassium, radium, and
thorium [4], [5]. These elements are widely distributed
in terrestrial materials including soil, rocks, and building
material extracted from the earth crust [6], [7], [8].
Epidemiological studies have shown that exposure to
enhanced degree of background radiation of terrestrial
origin is associated with somatic and genetic health
effects that are detrimental to vital organs of the
human body which can occasionally lead to death
overtime [9], [10]. Information on the level of radiation
and distribution of radioelements such as ***U, **Th,
and their respective progenies together with the non-
series “K in the environment gives very important
radiological baseline submission. Such submission
is crucial in the understanding of man’s exposure to
ionizing radiation and useful in instituting radiation
protection laws [6], [7], [8]. Assessment of public rate of
exposure to ionizing radiation possibly due to changes

In Nigeria, the activity concentrations of these
radionuclides (***U,”**Th, and their respective progenies
together with the non-series “°K) have been carried
out by many researchers from different parts of the
country [14], [15], [16], [17], [18]. This research work
is intended to complement and broaden the existing
data on the assessment environmental radioactivity in
the country with specific interest in the residential areas
around Bells University of Technology and Canaan City,
Ota. Study on the level of ionizing radiation in these
locations is essential to yield data that will provide
information that may be used to assess the radiological
health impacts on the residents of the study areas.

Study area

The two areas (Bells University of Technology
and Canaan City) used for this study are located in Ota,
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Ogun State, Nigeria (Figure 1). These two communities
are within the proximity of Idiroko, one of the Nigerian
land borders with the Benin Republic. The geology
of Ota is generally made up of sedimentary rocks of
the Dahomey Basin (Figure 2). The lithostratigraphy
sequences underlying the study area are Abeokuta,
Ewekoro, Oshosun, llaro, and Benin Formations.
Recently, an Alluvium which are of sands and shales
are considered as the youngest of all these sequences,
while Abeokuta Formation is considered as the
oldest [19], [20], [21], [22]. As revealed in Figure 2,
the study area falls on the Benin Formation, which is
known as Coastal Plain Sands. This sequence is of
Pliocene age, which is majorly composed of continental
sands and intercalations of clay and shale within these
sands [23].
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Figure 1: Map of Ogun State showing the study area

Materials and Methods

Sampling location/instrumentation

Forty sample points comprising 20 locations
from Bells University of Technology and 20 locations
from Canaan City were chosen randomly within the
study area (Figure 3). The selection points covered the
whole area of study.

Background radiation was measured with the
use of RS230 super SPEC Handheld Gamma-Ray
Spectrometer. The handheld gamma spectrometer was
used to take the background radiation of Bells University
of Technology and Canaan City, Ota. RS230 super
SPEC Handheld Gamma-Ray Spectrometer is a useful
instrument for measuring and assessing background
radiation, suitable in geophysical field, for its easy
operation and ruggedness. Potassium, uranium, and
thorium decay series consist of radioisotopes that produce

Figure 2: Geological map of Ogun state

6°41.4'N

Figure 3: Base map of the study area

gamma rays of sufficient energy and intensity that can be
measured by gamma ray spectrometer because they are
much present in the natural environment. Natural sources
of radiation come from radioisotopes build up during the
formation of solar system. They are still in circulation
because of their long half-lives. Among these natural
sources of radiation are potassium (40-K), uranium
(238-U, 235-U), and thorium (232-Th and its daughter
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products or progeny). . Detector efficiency involves its
absorption of gamma rays, its resolution, that is, ability to
differentiate between two gamma rays of closed energy
gap. The measurement of amount of potassium on the
ground by gamma ray spectrometry is by the detection
of 1416 keV gamma rays emitted by 40-K, which occur
naturally at a fixed ratio, the assessment is direct and
recorded in %. Uranium is assessed through detection
of 1765 keV gamma rays of 214-Bi a progeny of U-238
and the result is recorded in ppm of equivalent uranium.
Likewise, 232-Th is assessed through detection of 2615
keV gamma rays of 208-Ti, a daughter product of 232-
Th decay series and the assessment is reported in ppm
equivalent of thorium. The concentration of the source,
the volume of the detector, efficiency, and the energy
threshold of the equipment affect the total count gamma
ray.

Activity concentration measurement

The spectrometer was held at about 1 m
above the ground level for each measurement. The
background reading of the activity concentration of *K,
U, and *Th with dose rate was first taken at each
point for 5 times and the mean values were recorded.
After which, 5 minute waiting time was observed at
each point for the device to autostabilize with the
natural radioelement of the study area. The activity
concentration of “°K, **U, and ***Th was then retaken
with the assay mode feature (Ass) of the spectrometer
at sampling time of 90 second. The measurement was
taken with the assay mode (Ass) for 5 times and the
mean for each sample point was recorded. To minimize
errors, the activity concentration values of “K, **U,
and **Th use to estimate the radiological parameters
values were the average of the assay mode reading
(Ass) and the background reading recorded.

Radiological impacts estimation

The absorbed dose (D) is the dose received
in an open air from the radionuclides present in the
environmental media measured in nGy/h. The absorbed
dose measurement was of two forms. The spectrometer
used to record the absorbed dose directly and the other
form was estimated from the activity concentration of
the radionuclides present using Equation 1 [3], [24].

D(HTGYJ =0.416A, +0.623A, +0.414A, (1)

A, A, and A _are the activity concentration of

28y, 22Th " and “K, respectively

Annual effective dose (E) is the sum of the
effective dose over a year. It is calculated for both
outdoor (E_,) and indoor (E, ) using Equations 2 and 3,
respectively [3], [24].

Eout (N—SV) = D(%j x 24h*365ays x0.2
y

x0.7 x 0.001 (2)

Ei, [&j = D(@) x24h %365 days x 0.8
y h

x0.7% 0.001 (3)

D is the absorbed dose rate in nGy/h

The annual gonadal dose equivalent (AGDE)
is the dose received by the organs (gonads) bone
marrow and bone cells. It was calculated using
Equation 4 [25], [26].

AGDE (uSvly) =3.09A, + 4.18A _ + 0.314A (4)

The external hazard index (H_) is the hazard
due to external exposure to radiation in the study area.
It was calculated using Equation 5 [25], [26].

A, A A

Hex
370 259 4810

Similarly, the risk to respiratory organs from
internal exposure to radon and its short-lived daughter
nuclei was quantified in terms of the internal hazard
index (H,) using Equation 6. H_ and H_ should
be less than unity for the radiation hazard to be
negligible [25], [26], [27].

H, - Ay +ATh 4 Ay (6)
185 259 4810

The gamma index (ly) is used to estimate
the gamma radiation hazard associated with the
natural radionuclide in specific investigated samples.
The representative gamma index is estimated using
Equation 7 [17], [26]. It should be less than unity for the
radiation hazard to be negligible [26], [27].

i+h+A_k

= 7
" 150 100 1500 (7)

The radium equivalent (Raeq) activity allows a
single index or number to describe the gamma output
from different mixtures of **U, **Th, and “K in a
material. It was calculated using Equation 8 [25], [28].

Ra, =A,+1.43A, +0.077A, 8)

The excess lifetime cancer risk (ELCR) was
calculated using Equation 9 [18], [26].

ELCR = AED x DL x RF 9)

AED is the annual equivalent dose equivalent,
DL is the average duration of life (estimated to 70
years), and RF is the risk factor (S/v), for stochastic
effects, ICRP uses RF as 0.05 for public [27]. The
recommended limit for ELCR is 0.2 x 107 [24] below
which there is no cancer risk to the populace.
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Results and Discussion

The result of **U, **Th, and *“K activity
concentration and the absorbed dose rate recorded by
the spectrometer due to the background radiation from
the radionuclides in the sample sites at the residential
areas around Bells University of Technology and
Canaan City, Ota, Ogun State, Nigeria, is presented
in Tables 1 and 2, respectively. Tables 3 and 4 also
present the result of the radiological impacts from
the two sites (Bells University of Technology and
Canaan City). The gamma ray background radiation
for Bells University of Technology due to “°K activity
concentration ranged from 250.10 to 657.30 Bq/kg with
a mean of 442.66 Bq/kg of “’K, while that of ***U ranged
from 28.04 to 62.99 Bq/kg with a mean of 41.98 Bqg/kg
and that of *’Th ranged from 25.17 to 63.74 Bql/kg
with a mean of 48.35 Bg/kg. In the Canaan Land City,
the background radiation due to gamma ray from “K
ranged from 31.30 to 563.40 Bqg/kg with a mean of

Table 1: Absorbed dose rate and activity concentration
measurement from Handheld Gamma-Ray Spectrometer in Bell
University area

Sample site  Coordinates D*(nGy/h)  K(B/kg) U(B/kg) Th(B/kg)
B1 6.687954,3.170237 74.60 474.20 33.72 61.45
B2 6.684056,3.172043 85.55 574.36 59.90 52.52
B3 6.683114,3.171341 78.15 641.65 46.32 46.84
B4 6.687481,3.169991 74.69 496.11 40.14 52.99
B5 6.684253,3.171392 75.35 485.15 51.44 47.71
B6 6.688228,3.171288 73.02 511.76 44.46 42.69
B7 6.686223,3.169733 70.19 489.85 33.78 51.22
B8 6.684235,3169238 64.77 500.80 41.56 32.75
B9 6.687431,3.160240 73.82 485.15 55.76 41.21
B10 6.685734,3.167573 62.92 406.90 33.16 42.84
B11 6.689604,3.166755 56.00 344.00 32.30 42.83
B12 6.688654,3.167032 61.42 265.90 40.58 48.11
B13 6.688424,3.168595 70.50 364.65 44.28 55.42
B14 6.690503,3.168235 61.15 297.35 39.34 47.16
B15 6.689639,3.169031 57.20 323.96 32.30 49.68
B16 6.688025,3.169203 70.09 463.28 32.55 46.49
B17 6.686887,3.168646 65.09 391.25 37.49 47.87
B18 6.688177,3.168649 70.20 438.20 40.57 51.02
B19 6.686904,3.168926 73.72 424.51 45.08 53.11
B20 6.688155,3.168050 82.22 474.20 54.96 53.11
MIN 54.90 250.10 28.04 2517
MAX 87.50 657.30 62.99 63.74
MEAN 70.03 442.66 41.98 48.35

Table 2: Absorbed dose rate and activity concentration
measurement from Handheld Gamma-Ray Spectrometer in
Canaan City

Sample site Coordinates D*(nGy/h)  K(B/kg) U(B/kg)  Th(B/kg)
C1 6.655450,3.160591 63.45 406.90 30.64 56.03
c2 6.654780,3.161259 79.40 406.90 17.33 89.42
C3 6.654657,3.160951 74.40 469.50 10.22 75.31
Cc4 6.653455,3.160680 73.23 492.98 16.41 67.10
C5 6.653443,3.160643 70.40 422.55 27.24 77.60
c6 6.653395,3.160177 72.70 446.03 7.74 78.56
c7 6.653395,3.161966 73.20 375.60 7.74 77.96
c8 6.652491,3.160431 72.88 500.80 23.30 64.15
Cc9 6.652491,3.160054 74.38 391.35 30.03 64.15
Cc10 6.651887,3.160291 89.50 532.10 5.88 96.02
c11 6.651561,3.159673 74.25 438.20 30.95 83.55
C12 6.651018,3.159245 83.08 461.68 21.05 76.64
C13 6.652661,3.161707 80.70 446.03 5.89 81.00
C14 6.653365,3.162299 33.33 86.08 15.17 44.25
C15 6.654265,3.161871 31.50 93.90 22.29 33.90
C16 6.655682,3.162036 31.28 46.95 17.65 39.49
c17 6.654628,3.160939 41.05 133.03 18.88 46.80
Cc18 6.650807,3.160973 64.45 422.55 15.78 55.32
C19 6.653489,3.158741 79.18 469.50 30.34 65.88
C20 6.652836,3.145694 70.68 430.38 22.59 71.26
MIN 27.50 31.30 0.00 30.04
MAX 94.80 563.40 43.33 99.06
MEAN 66.65 373.65 18.85 67.22

373.65 Bqg/kg while that of ***U ranged from 0.00 to
43.33 Bqg/kg with a mean of 18.85 Bqg/kg and that of
**Th ranged from 30.04 to 99.06 Bq/kg with a mean of
67.22 Bq/kg. The mean activity concentrations for “K
and **U in Bells University of Technology with values
442.66 Bg/kg and 41.98 Bq/kg, respectively, are higher
than that of Canaan City with mean values 373.65 Bg/kg
and 18.85 Bqg/kg, for K and **U, respectively. Only
**Th concentration in Canaan City with mean value
67.22 Bg/kg is higher than that of the Bells University of
Technology with mean value 48.35 Bg/kg. The variation
in activity concentrations might be as a result of the
materials and human activities in the area. It was noticed
that the values were high in asphalt tarred road and
interlock paved road compared to untarred roads. Bells
University of Technology has more of this asphalt tarred
and interlock paved roads compared to the untarred
roads and this might be the reason for the increase in
its activity value. It is to be noted that the background
radiation measured may not be from the soil alone as
other human activities done within the school area can
also be contributors. The mean values of **U and ***Th
obtained for the two sites (except for **U in Canaan
City) were above the recommended limit of 35.0 and
30.0, respectively [3]. The level of “K in the two sites
was below the recommended limit of 500.0 Bg/kg.
The absorbed dose rate recorded by the spectrometer
directly ranged from 54.90 to 87.50 nGy/h with a mean
of 70.03 nGy/h and 27.50 to 94.80 nGy/h with a mean
of 66.65 nGy/h, for Bells University and Canaan City,
respectively. The value is higher than the recommended
limit of 57 nGy/h and this may pose serious health risk.
Nevertheless, it is not to be surprising as the values of
%% and **Th were high compared to the recommended
limit. Although activity concentration of “K is about 5
times higher than other radionuclides present, it is still
within acceptable limit. Its concentration in human body
is under close metabolic (homeostatic) control [29].
Hence, its concentration variation in dietary composition
does not influence significantly the radiation dose
received in human body [4], [30].

The following parameters were estimated,
the absorbed dose (D), annual effective dose (E,
and E_ ), annual gonadal equivalent (AGDE) dose,
hazard indices (H, and H_), gamma index (ly), Ra_,
activity index, and ELCR to assess any possible
radiological hazard to the populace of these areas,
as shown in Tables 3 and 4. The absorbed dose rate
recorded by the spectrometer was compared with the
dose estimated from the activity concentration of the
radionuclides to assure its credibility, it was found
that the measured and estimated doses are in total
agreement. This means error was minimized and
signifies the accuracy of the instrument used. The
absorbed dose rate due to the background gamma
radiation from ?**U, ***Th, and *°K ranged from 55.14
to 83.35 nGy/h with a mean of 67.06 nGy/h and
33.96 to 83.03 nGy/h with a mean of 64.89 nGy/h
for Bells University of Technology and Canaan City,
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Table 3: Estimated radiological impacts for Bells University area

Sample site D* (nGy/h) D (nGy/h) E . (uSv/yr) E,, (uSv/yr) AGDE (pSvl/yr) He, H, ly Raeq ELCR (10°)
B1 74.6 72.47 88.93 355.49 510.18 0.43 0.52 1.16 158.1 0.32
B2 85.55 83.35 102.29 408.85 585.16 0.48 0.65 1.31 179.22 0.36
B3 78.15 76.45 93.82 375 540.55 0.44 0.57 1.20 162.7 0.33
B4 74.69 71.24 87.43 349.45 501.5 0.42 0.53 1.13 154.11 0.31
B5 75.35 72.81 89.36 357.18 510.89 0.43 0.57 1.14 157.02 0.32
B6 73.02 67.67 83.04 331.94 476.69 0.39 0.51 1.06 144.91 0.29
B7 70.19 66.97 82.19 328.51 472.48 0.4 0.49 1.06 144.74 0.29
B8 64.77 59.87 73.47 293.66 422.68 0.34 0.46 0.94 126.95 0.26
B9 73.82 70.88 86.99 347.72 497.06 0.41 0.57 11 152.05 0.31
B 10 62.92 58.16 71.38 285.3 409.44 0.34 0.43 0.92 125.74 0.25
B 11 56 55.14 67.67 270.47 387.01 0.33 0.41 0.87 120.03 0.24
B 12 61.42 58.9 72.28 288.9 410.17 0.35 0.47 0.93 129.85 0.26
B 13 70.5 69.13 84.85 339.15 483.19 0.41 0.53 1.09 151.61 0.3
B 14 61.15 59.06 72.48 289.69 412.21 0.35 0.46 0.93 129.67 0.26
B 15 57.2 58.44 71.71 286.65 409.36 0.35 0.43 0.93 128.28 0.25
B 16 70.09 62.44 76.62 306.28 440.55 0.37 0.45 0.99 134.7 0.27
B 17 65.09 62.55 76.76 306.83 438.97 0.37 0.47 0.99 136.07 0.27
B 18 70.2 67.83 83.25 332.74 476.41 0.4 0.51 1.07 147.26 0.29
B 19 73.72 70.61 86.65 346.36 494.78 0.42 0.54 11 153.71 0.31
B 20 82.22 77.24 94.8 378.92 540.92 0.45 0.61 1.21 167.42 0.33
MIN 56 55.14 67.67 270.47 387.01 0.33 0.41 0.87 120.03 0.24
MAX 85.55 83.35 102.29 408.85 585.16 0.48 0.65 1.31 179.22 0.36
MEAN 70.03 67.06 82.29 328.95 471.01 0.39 0.51 1.06 145.2 0.29
D* absorbed dose rate measurement recorded by the spectrometer. D is the estimated absorbed dose rate from radionuclides activity concentrations. AGDE: Annual gonadal equivalent

Table 4: Estimated radiological impact for Canaan City

Sample site D* (nGy/h) D (nGy/h) E,.. (USv/yr) E,, (uSv/yr) AGDE (uSvlyr) H,, H, ly Raeq ELCR (107)
C1 63.45 64.97 79.73 318.68 456.86 0.39 0.47 1.04 142.09 0.28
Cc2 79.4 78.98 96.94 387.46 555.45 0.48 0.53 1.28 176.54 0.34
C3 74.4 69.79 85.64 342.34 494.09 0.42 0.45 1.13 154.06 0.3
Cc4 73.23 68.66 84.27 336.83 486.21 0.41 0.46 1.1 150.31 0.3
C5 70.4 77.08 94.59 378.1 541.53 0.46 0.54 1.24 170.75 0.33
Cc6 72.7 69.63 85.45 341.56 492.66 0.42 0.44 1.13 154.42 0.3
c7 732 66.33 814 325.36 468.02 04 0.42 1.08 148.14 0.28
(OF] 72.88 70.39 86.39 345.3 497.62 0.42 0.48 1.13 153.59 0.3
Cc9 74.38 68.93 84.6 338.17 484.04 0.41 0.5 1.10 151.89 0.3
c10 89.5 829 101.74 406.67 586.98 0.5 0.52 1.35 184.15 0.36
cn 74.25 83.03 101.9 407.33 582.79 0.5 0.59 1.33 184.16 0.36
Cc12 83.08 75.26 92.37 369.21 530.64 0.45 0.51 1.21 166.18 0.33
Cc13 80.7 70.24 86.2 344.57 497.12 0.42 0.44 1.15 156.05 0.31
Cc14 33.33 37.33 45.81 183.1 259.05 0.23 0.28 0.60 85.08 0.16
Cc15 315 34.69 42.57 170.16 240.19 0.21 0.27 0.55 78 0.15
c 16 31.28 33.96 41.68 166.59 234.47 0.21 0.26 0.54 77.73 0.15
Cc17 41.05 42.54 52.2 208.66 295.9 0.26 0.31 0.68 96.04 0.18
Cc18 64.45 58.33 71.58 286.1 412.88 0.35 0.39 0.94 127.42 0.25
Cc19 79.18 73.38 90.06 359.98 516.78 0.44 0.52 117 160.69 0.32
Cc20 70.68 71.43 87.65 350.37 503.07 0.43 0.49 1.15 157.63 0.31
MIN 31.28 33.96 41.68 166.59 234.47 0.21 0.26 0.54 77.73 0.15
MAX 89.5 83.03 101.9 407.33 586.98 0.5 0.59 1.35 184.16 0.36
MEAN 66.65 64.89 79.64 318.32 456.82 0.39 0.44 1.05 143.74 0.28

D* absorbed dose rate measurement recorded by the spectrometer. D is the estimated absorbed dose rate from radionuclides activity concentrations

respectively. The mean values for both sites are
higher than the recommended limit of 57 nGy/h [3].
The values for outdoor annual effective dose ranged
from 67.67 to 102.29 uSv/y with a mean of 82.29 uSvly
and 41.68 to 101.90 with a mean of 79.64 uSvly
for Bell University of Technology and Canaan City,
respectively, while that of indoor annual effective dose
ranged from 270.47 to 408.85 uSv/y with a mean of
328.95 uSv/y and 166.59 to 407.33 uSv/y with a mean
of 318.32 uSv/y for Bell University of Technology and
Canaan City, respectively. The annual effective dose
received outdoor and indoor by a member of the
public is very important in determining the radiation
risk due to the background radiation exposed to from
the gamma rays from **U, *°Th, and *K activity
concentrations. The outdoor occurs outside a building
and the indoor is exposed to within a house. However,
the mean values calculated for the outdoor and indoor
annual effective doses in the study areas were below
the recommended limit of 1000 uSv/y, and therefore,
the populace in the area are safe.

To assess the effect of the background
radiation to the gonads, bone marrow, and bone

surface which are part of the sensitive organs generally
targeted by radiation, the AGDE dose was calculated.
The values recommended to be safe limit are values <
1000 uSv/y beyond which there will be destruction of
the red blood cells produced by the bone marrow and
these red blood cells will be eventually replaced by
white blood cells [3]. However, the values obtained for
both locations are within the recommended limit. The
values of the hazard indices for the study area are
less than unity which is the safe limit, and no radiation
injury can occur with hazard indices less than 1 [27].
The value of the representative gamma index (ly)
ranged from 0.87 to 1.31 with a mean of 1.06 and
0.54 to 1.35 with a mean of 1.05 for Bell University of
Technology and Canaan City, respectively. Although
some of the values in the two sites were lower than
unity below which no serious radiation risk can occur,
the mean values for these two sites were higher than
the recommended limit of unity [3]. Representative
gamma index (ly) is correlated with the annual dose
rate due to the excess external gamma radiation
caused by superficial material. Iy is mostly estimated
for materials that might be used as construction

682

https://www.id-press.eu/mjms/index



Usikalu et al. Usikalu et al. Background Radiation in Bells area and Canaan City, Ota, Nigeria

Table 5: Recommended limit of the radiological impact parameters estimated in this study

World Limit D (nGy/h) Eout (uSv/yr) Ein (uSv/yr) AGDE (uSvl/yr) H_ H_ Raeq (Bg/kg) ELCR (107°)
RL 57 1000 1000 1000 1 1 370 0.2

Table 6: Comparison table of radiological impact parameters at Bells University and Canaan City

Location D* (nGy/h) D (nGyalh) Eout (uSv/yr) Ein (uSvlyr) AGDE (uSv/yr) H,, H, |, Raeq ELCR (10°)
Bell 70.03 67.06 82.29 328.95 471.01 0.39 0.51 1.06 145.2 0.29
Canaan land 66.65 64.89 79.64 318.32 456.82 0.39 0.44 1.05 143.74 0.28

materials and values greater than 1 should be
avoided [25], [26]. Therefore, materials in these areas
are not suitable for construction purposes to minimize
radiation risk.

The estimated mean radium activity index
(Raeq) Bells University of Technology is 145.2 Bg/kg and
143.74 Bg/kg for Canaan City. This parameter allows
a single index to describe the gamma output in the
background radiation from the radionuclides present
(**U, **Th, and *K) and must be <370 Bq/kg for it
to be safe for the populace [3]. The values obtained
for the two study area are within the safe limit and
pose no radiation risk. The ELCR values ranged
from 0.24 x 10°to 0.36 x 10™° with a mean value
of 0.29 x 107° for Bells University of Technology and
ranged between 0.15 x 107° and 0.36 x 10™° with a
mean value of 0.28 x 107 for Canaan City. The mean
values for both study areas are slightly higher than
the recommended limit of 0.2 x 107°. This high value
implies that the probability of developing cancer over
a lifetime considering seventy years as the average
life span of humans is high. The mean values of all
the radiological parameters estimated (except that of
the absorbed dose rate, representative gamma index,
and the ELCR) were lower when compared to the
recommended limit, as shown in Table 5, therefore,
the possibility of suffering any radiation risk is very
low in these two areas. Nevertheless, care must be
taken to monitor the human activities in the area as
the possibility of having cancer for populace residing
in the area for 70 years is high. Figure 4 displays the
recorded values for the study areas and Table 6 shows
similar results for both the activity concentrations and
the radiological impact parameters. It was observed
that Bells University of Technology results are slightly
higher in most of the parameters compared to those of
Canaan City which may be due to the contribution of
human activities in the area.

0.7 s BUT = Canaan Land City

0.6

0.5
S04
03

0.2 I I

0.1

0 ]
E (mSvly) AGDE ELCR Hex Hin
(nGylh)/100 (mSvly)
Radiological Parameters

Figure 4: Comparison of the results obtained at Bells and Canaan
City areas

Conclusion

Background radiation due to gamma ray
emitted from ***U, **Th, and “K in Bells University of
Technology and Canaan City areas, Ota, Nigeria, was
studied to know the radiation risk that populace in the
area can be exposed to due to intense human activities
common in the areas. The mean activity concentration
of “K, U, and ***Th for Bells University of Technology
area was 442.66 Bqg/kg, 41.98 Bg/kg, and 48.35 Bqg/kg,
respectively, and that of Canaan City was 373.65 Bqg/kg,
18.85 Bq/kg, and 67.22 Bq/kg for “K, **U, and *’Th,
respectively. The mean absorbed dose rate recorded
by the spectrometer directly was 70.03 nGy/h and
66.65 nGy/h, for Bells University and Canaan City,
respectively. The mean values of all the radiological
parameters estimated except that of the absorbed dose,
representative gamma index, and the ELCR were lower
when compared to the recommended limit, therefore,
the possibility of low radiation risk in these two areas.

Acknowledgement

The authors expresses their sincere gratitude
to Covenant University for the publication support.

References

1. Eyebiokin MR, Arogunjo AM, Rabiu AB, Oboh G, Balogun FA.
Activity concentration of commonly consumed vegetables in
Ondo state. Niger J Phys. 2005;17(5):187-91.

2. Orosun MM, Lawal TO, Akinyose FC. Natural radionuclide
concentrations and radiological impact assessment of soil
and water in Tanke-llorin, Nigeria. Zimbabwe J Sci Technol.
2016;11:158-72.

3. United Nations Scientific Committee on the Effects of Atomic
Radiation. Sources and Effects of lonizing Radiation. UNSCEAR
2000, Report to the General Assembly, with Scientific
Annexes. Vol. 1. New York: United Nations; 2000. https://doi.
org/10.18356/49c437f9-en

4. Oluyide SO, Tchokossa P, Orosun MM, Akinyose FC, Louis H,
Ige SO. Natural radioactivity and radiological impact assessment
of soil, food and water around iron and steel smelting area in
Fashina village, lle-Ife, Osun state, Nigeria. J Appl Sci Environ
Manage. 2019;23(1):135-43. https://doi.org/10.4314/jasem.
v23i1.20

5. Akinyose FC, Tchokossa P, Orosun MM, Oluyde SO, Umakha M,
Ochommadu KK, et al. Radiological impacts of natural

Open Access Maced J Med Sci. 2020 Dec 10; 8(E):678-684.

683



E - Public Health

Public Health Disease Control

radioactivity in locally produced tobacco products in Ibadan, 18. Adagunodo TA, George Al, Ojoawo IA, Ojesanmi K,
Oyo State, Nigeria. Momona Ethiop J Sci. 2018;10(1):59-75. Ravisankar R. Radioactivity and radiological hazards from
https://doi.org/10.4314/mejs.v10i1.5 a kaolin mining field in Ifonyintedo, Nigeria. MethodsX.

6. Orosun MM, Usikalu MR, Oyewumi KJ, Adagunodo AT. Natural 2018a;5:362-74. https://doi.org/10.1016/j.mex.2018.04.009
radionuclides and radiological risk assessment of granite mining 19. Adagunodo TA, Sunmonu LA, Adabanija MA, Omeje M,
field in Asa, North-central Nigeria. MethodsX. 2019;6:2504-14. Odetunmibi OA, ljeh V. Statistical assessment of radiation
https://doi.org/10.1016/j.mex.2019.10.032 exposure risks to farmers in Odo Oba, South Western Nigeria.
PMid:31908980 Bull Min Res Exp. 2019;159:201-17. https://doi.org/10.19111/

7. Orosun MM, Usikalu MR, Oyewumi KJ, Achuka JA. Radioactivity bulletinofmre.495321
levels and transfer factor for granite mining field in Asa, North- ~ 20. Adagunodo TA, Hammed OS, Usikalu MR, Ayara WA,
central Nigeria. Heliyon. 2020a;6(6):e04240. https://doi. Ravisankar R. Data on the radiometric survey over a Kaolinitic
org/10.1016/j.heliyon.2020.e04240 terrain in Dahomey Basin, Nigeria. Data Brief. 2018b;18:814-22.
PMid:32637683 https://doi.org/10.1016/j.dib.2018.03.088

8.  Orosun MM, Oyewumi KJ, Usikalu MR, Onumejor CA. Dataset 21. J(?el ES, Olasehir.wde Pl, Adagunodo TA’ Omeje M,.Akinyer.ni ML
on radioactivity measurement of Beryllium mining field in _OJO ‘_JS' Integration of aeromagnetlc and electrical reS|st|V|f[y
Ifelodun and gold mining field in Moro, Kwara state, North- imaging for groundwater poter)tlal assessment. of F:oastal plain
central Nigeria. Data Brief. 2020b;31:105888. https://doi. sands area of Ado-Odo/Ota in Southwest Nigeria. Groundw
0rg/10.1016/j.dib.2020.105888 Sustain  Dev.  2019;9:100264.  https://doi.org/10.1016/].

) . . 9sd.2019.100264.

9. Aweda MA, Usikalu MR, Ding N, Wan JH, Zhu J. Genetoxic . . .
effects of 2.45 GHz microwave exposure on different cells of ~ 22 Onumejor CA,  Balogun FA, Akinpelu A, Arijaje TE,
Sprague Dawley rats. Int J Genet Mol Biol. 2010;2(9):189-97. USItkr?Ilé 'fVIR' tlEuthzrf:)rd t.>actl.(scattefr|ng| spec:rc?metry t('lt?Bsi

10. Akinnagbe DM, Orosun MM, Orosun RO, Osanyinlusi O, o tr‘;pica‘?r oy e Westom aNi;;?;_”Jlg';
Yusuk KA, Akinyose FC, et al. Assessment of radon concentration Conf Ser Earth Environ Sci. 2018;173:1-4. https://doi

f ground water in ljero Ekiti. Mani J Sci. 2018;11:32-41. ) R ps: ’
org ) : 0rg/10.1088/1755-1315/173/1/012005

" US|k.aIu MR Odermde. A, Adagunodo TA, Akinpelu A 23. Offodile ME. Groundwater Study and Development in Nigeria.
Radioactivity concentration and dose assessment of sail nd o ; ) .

) . . Lo 2" ed. Nigeria: Mecon Geology and Engineering Services
samples in cement factory and environs in Ogun state, Nigeria. Limited, Jos; 2002. p. 259-76
Int J Civil Eng Technol. 2018;9(9):1047-59. ’ P o )

12. Usikalu MR, Maleka PP, Ndlovu NB, Zongo S, Achuka JA, 2+ UNSCEAR. United Nations Scientific Committee on Effect of
Abodunrin TJ. Radiation dose assessment of soil from ljero Atomic Radiation Sources and Effect O.f Ionllsm‘g. Radiation.
Ekiti, Nigeria. Cogent Eng. 2019;6(1):1586271. https://doi.org/ Report Vol. 1 to the General Assembly with scientific Annexes.
10.1080/23311916.2019.1586271 New York: United Nations, Sales Publications; 2008. https://doi.

) ) ) ) org/10.18356/9b8f628f-en
13. Xs'ka'“ MR, Maleka PP, Malik M, Oyeyemi KD, Adewoyin OO. 5 - (it 1y karavus M, Ay P, Touzogh A, Hindiroglu S,
ssessment of geogenic natural radionuclide contents of soll Karaham G. Radionuclide concentration in soil and lifetime
samples collected from Ogun state, South Western, Nigeria. Int . ) . A .
J Radiat Res. 2016;14(3):355-61. cant}er risk dye to gamma radioactivity in Klrklgrell, Turkey. J
. o . . . Environ Radioact 2009;100(1):49-53. https://doi.org/10.1016/].

14. Isinkaye OtM,f J|bt|r| ?N’d'OIOTI‘(:e'A?H RQQ|9Itog|cfaIObhgalth jenvrad.2008.10.012
assessment of natural radioactivity in the vicinity o ajana )
cement factory, North Central Nigeria. J Med Phys. PMid:19038480
2015;40(1):52-9. https://doi.org/10.4103/0971-6203.152256 26. Usikalu MR, Fuwape IA, Jatto SS, Awe OF, Rabiu AB,
PMid:26150688 Achuka JA. Assessment of radiological parameters of soil in

. . Kogi state, Nigeria. Environ Forensic. 2017;18(1):1-14. https://

15. Oluyide SO, Tch.okos.s? P, Akinyose FC, Orosun MM. doi.org/10.1080/15275922.2016.1263898
Assessment of radioactivity levels and transfer factor of natural . B o
radionuclides around iron and steel smelting company located 27. _AW_V'” GO, Ononugpo _CP' Nwokegp I_E' Rgd|at|9n hazard
in Fashina village, lle-Ife, Osun state, Nigeria. Working Living indices and exc.:e.ss lifetime .cgncer risk in sail, sed|ment. and
Environ Protect. 2018;15(3):241-56. https://doi.org/10.22190/ water around Mini-Okoro/Oginigba creek, Port Harcourt, Rivers
fuwlep18032410 state, Nigeria. Compr J Environ Earth Sci. 2014;3(1):38-50.

16. Omeje M, AdeWOyin OO, Joel ES, Ehi-Eromosele CO, 28. lIssa SA, Uosif MA, Elsaman R. Gamma radioactivity
Emenike CP, Usikalu MR, et al. Natural radioactivity measurements in Nile River sediment samples. Turk J Eng
concentrations of *°Ra, ***Th, and *K in commercial building Environ Sci. 2013;37(1):109-22.
materials and their lifetime cancer risk assessment in Dwellers. ~ 29. United Nations Scientific Committee on the Effect of Atomic
Hum Ecol Risk Assess. 2018;24(8):2036-53. https://doi.org/10. Radiation. lonization Radiations: Sources and Biological
1080/10807039.2018.1438171 Effects. New York: United Nations; 1982. https://doi.

17. Olise FS, Onumejor CA, Akinlua A, Owoade OK. Geochemistry 0rg/10.18356/34127272-en
and health burden of radionuclides and trace metals in shale 30. Makon TB, Nemba RM, Tchokossa P. Investigation of gamma-
samples from the North-Western Niger Delta. J Radioan emitting natural radioactive contents in three types of Vernonia
Nucl  Chem.  2013;295:871-81.  https://doi.org/10.1007/ consumed in Cameron. World J Nucl Sci Technol. 2011;1:37-45.
$10967-012-1875-y https://doi.org/10.4236/wjnst.2011.12007

684 https://www.id-press.eu/mjms/index



