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Abstract: Mining activity is one of the major sources of exposure to radiation. The main goal of this study was to
determine the natural radioactivity level and its radiological exposure risk in mining site Umuahia South Abia State,
Nigeria, using High Purity Germanium (HPGe) gamma ray spectrometry. The activity concentration of K, ?*Ra and
32T in the soil ranges from 3142 to 367+27 Bq kg™, with mean value of 142+11 Bq kg™; from 2642 to 6525 Bq kg™, with
mean value of 49+4; and from 53+9 to 109+17 Bq kg, with mean value of 77+16 Bq kg™, respectively. The activity
concentrations of “°Ra and 2**Th are above the global values of 32 and 45 Bq kg™ while “°K is depleted in relation to the
global mean of 412 Bq kg™. Radiological parameters are generally in agreement with the values observed for other
Nigerian and other countries soil reported in literature. The main responsible for the values observed for the radiological
parameters is 2?Th followed by ??°Ra. The use of this soil for dwelling construction is unlikely to pose any radiological
harm for the residents.

Keywords: Natural Radioactivity, Radiological Parameters, Exposure Indices, Soil, Mining, High Purity Germanium
(HPGe) Gamma Ray Spectrometry.

1 Introduction
environment  [3,4]. Soil characteristics, geological

Soils are the actual store house of radionuclide naturally
occurring on the Earth’s crust responsible for transferring
these elements into biological systems [1]. Radioactivity is
an observable fact that is connected with energetic atomic
nuclei that are automatically decomposed releasing beta,
alpha, and neutron particles, or electromagnetic radiation in
the form of gamma rays [2]. Soil radioactivity is gaining
great scholar attention widely as it one of the main factors
in public doses and may help predict changes in the

formations and human practices are important factors for
potentially elevating the concentrations of background
natural radiation [5]. The level of natural radioactivity in an
area depends on the soil types, rocks types and its geology
[4]. Moreover, the distribution and variation of
radionuclides in surface soil relies on the composition and
distribution of radioelements in the bedrock, their physical
properties and mechanical properties such as porosity,
permeability [5]. Soil, rocks and minerals commonly
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contains naturally occurring radioactive materials (NORM),
with half-lives as longer as the Earth’s age, known as
primordial radionuclides [2]. The main radio nuclides of
this category are “°K, and the generators of decay series
2Th and **U.

The radioactivity in the environment needs attention
because of the potential harmful effects of the ionizing
radiations on tissues of living organisms, though their
occurrence is uncommon. Hence, scholars examined natural
environmental radioactivity in soil to carry out background
study and detect environmental radioactivity levels [6].
Urbanization, mining activities, waste disposal systems,
and several human activities are contributors to the
radioactivity of the environment [3, 4], when soil, rock and
dust material that contains these NORM are spread form
the mine areas, during mining and processing, to the
surrounding area where they can be amassed in the food
chain [6].

Of interest for this study, mining activities and the
processing of natural resources have impacted strongly on
human being and the environment [5] because NORM is
largely responsible for the external or internal irradiation
dose received by workers and neighbor population of the
mining sites [6]. Internal exposure takes place via the intake
of terrestrial radionuclides through inhalation or ingestion
[7-8].

In Nigeria, mining activities for coal, lignite, lithium,
bitumen, iron ore, and clay, among others, goe on mostly
by a domestic and underdeveloped mining industry. In the
country there are about 44 different types of minerals that
have been identified in over 500 locations [9]. Among the
minerals, clay holds significant contributions due to its high
demand for construction, cement building, and block
industry [10]. In Umuahia South, Abia State, South East,
Nigeria, present study area, where clay mining goes on,
people are involved in mining activities as their source of
income and subjected to the unavoidable NORM emission
which aids the constant release of radionuclides in the
environment. The main goal of this paper is to study the
natural radioactivity in the soil on the Umuahia mining sites
and to ascertain radiological parameter and the hazard
indices, therefore comparing with international organisation
recommendations and global average.

2 Materials and Methods

2.1 Study Area

The study area is Umuahia South, South East, Nigeria,
where clay mining is going on. Umuahia South is one of the
local government areas of Abia State and it has a
geographic coordinate of 5° 31° 0” North, 7° 26” 0” mean
area of 140 km2 and population of 138,570 [11]. The
mining site is about 10 km from Umuahia main town and
about 45 km to Aba, Enyimba City of Abia state. The
average annual temperature is 26.4 °C. About 2333 mm of

precipitation falls annually. The vegetation is ordinarily
considered part of tropical rainforest which is the dominant
natural vegetation in most parts of southern Nigeria [12].

2.2 Sampling

All of the 15 soil samples were collected using a soil auger
sampler at a depth of 5-15 cm, for every sampling point
about 1 kg to 1.5 kg were collected. The soil samples were
lowered into labelled plastic bags and every bag was
properly tied [13].

2.3 Samples Preparation

After the collection of samples from the field, they were
kept in natural air—dried in a room at ambient temperature
for about one month. Moreover, at the laboratory, the
samples were air dried in trays for 7 days and then oven
dried at a temperature of 105 °C for between 3-4 hours until
the samples were well dried with a constant weight [14], at
the central lab of Federal University Wukari, for
preparation. Soil samples were pounded using mortar and
pestle. A sieve of 2mm pore size mesh was used to obtain
uniform particle sizes, as recommended by IAEA [15]. The
sieved prepared soil samples were fled to Nuclear and
Energy Research Institute (IPEN) or Instituto de Pesquisas
Energéticas e Nucleares (IPEN), Sao Paulo Brazil for
analysis.

T
o

Fig.1: Location of the studied area. A) Nigeria; B)
Umuahia region; C) Mine sampling points.

2.4 Analysis of Samples

In this work, the radionuclides °K, ?®Ra, and #*?Th were
determined using p-type High Purity Germanium Detectors
(HPGe), Canberra (USA) with relative efficiency = 20%,
and resolution = 2.00 keV at 1.33MeV. The activity
concentration of the radionuclides was determined using
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the following energies: “°K was determined using the 1460
keV gamma-ray peak; *°Ra was determined using the 351
keV (***Pb) and 609 keV (***Bi) energies, and “*Th was
determined using 727 keV (**?Pb) and 238 keV (*?Bi). The
samples were counted for 86,400 seconds, background was
counted for 172,800 seconds while the certified reference
materials (CRM) IAEA-RGU-1 uranium ore , IAEA-
RGTh-1, thorium ore and IAEA-RGK-1, potassium sulfate,
were counted for 7,200 seconds. Activity concentrations
were determined via a punctual calibration comparing the
intensity of peak in samples to the respective peaks of the
standard reference material. For certainty and to ensure the
quality assurance of this work, the 1AEA-327 reference
material (Radionuclides in Soil) from IAEA was used [16].
The obtained values were 626 + 43 Bq kg™ for K, 36 + 3
Bq kg™ for ?°Ra and, 38 * 7 Bq kg™ for %?Th. All the
obtained result agrees with the 95% confidence interval of
the reference material: 612 — 630, 32.7 — 35.5 and 37.2 —
39.2 Bq kg?, for K, °Ra and *2Th, respectively.

2.5 Activity Concentration

The activity concentration of the radionuclides has been
calculated using the expression Equation 1 [17].
NeHo

A = M, (1)
Where, A is the activity concentration of the radionuclide;
N is number of counts at a given energy, subtracted from
the BG; A is the decay constant; t. is the time of counting; t,
is the time difference between sampling and start of count;
M is the sample mass; ¢ is the efficiency; I, is the emission
probability and F. is the correction factor.

2.6 Radiological Parameters (RP) and Exposure
Indices (EIs)

Radiological parameters of exposure indices are commonly
used to assess the radiation exposure originating from the
environment and building material [1, 18, 19, 20]. The
indices calculated in this work are listed and defined below,
denoting with Raa, Thae and Ku; the activity concentration
of ?°Ra, ??Th and “°K respectively, obtained as described
in Equation 2 to Equation 7.

Radium Equivalent Activiy: Ragq = 0.077
K,;r + R,a,;r + 1-‘1’3Th.}r
)
Absorbed Dose Rate in Air: AD =
0.0417K 4 + 0.462Ras; +0.604Thy;
) 3
K Ray | Thy
Representative Level Index: RLI = 100 T 150 T 100
4
Annual Effective Dose Equivalent: AEDE = D x OFt(x)CFt
®)
AEDEpyr = D x 07 x 0.2 x 8760 x
10-%

(52)

AEDEpgyr = D x 0.7 x 0.8 x 8760 x
10-¢
(5b)
Annual  Gonadal Equivalent Dose: AGDE =
0.314K4; + 3.09Ra; + 4.18Thy,
(6)
Excess Lifetime Cancer Risk. ELCR = AEDE
X MLE X RF
@)

Radium Equivalent Activiy (Ra,) represents a weighted
sum of the activities of ?°Ra, %**Th, and “°K in the building
materials samples, and is defined as the activity
concentration of a radionuclide equivalent to 370 Bq kg™ of
226Ra that gives outdoors an external effective dose rate of 1
mSv y™. So, the Rae, index should not exceed 370 Bq kg™
for building materials [21, 22]. The Absorbed Dose Rate in
Air (AD) is employed in measuring the exposure that
enables ascertaining the quantity of radiation received by
the human body due to the concentrations of radionuclides
(**Ra, #2Th, and “°K) in soil [21].

The Representative Level Index (RLI) expresses the extent
the soil materials from a site of interest is convenient for
using as construction material [23]. It is also applied to
estimate the rate of y-radiation risks in connection with
natural radionuclide in investigated samples (3, 6).

The Annual Effective Dose Equivalent (AEDE) computes
the annual effective dose for human beings exposed of a
certain dose rate [21, 22]. The AEDE can be obtained by
converting the total absorbed dose and the product of
occupancy factor (0.2 for outdoor and 0.8 for indoor
exposure), of a year, expressed in seconds.

Annual Gonadal Equivalent Dose (AGDE) is used to
evaluate the potential effects of exposure to radiation on
certain important organs, such as gonads, the activity bone
marrow and the bone surface cells since those are the most
sensitive parts of the human body [23-24].

Excess Lifetime Cancer Risk (ELCR) is an index related to
the risk of developing cancer as a result of amassed
exposure to a toxic substance liable to the existence time of
human being for a period of lifetime [19].

3 Results and Discussion
3.1 Activity Concentration of Soil the Mining Site

In Tables 1 and 2 the activity concentration of K, **Ra
and #*Th determined in the soil samples of the present
study and comparison of activity concentration of
radionuclides of soil (Bq kg™) determined in the literature,
respectively, are presented. The activity concentration of
K, ??°Ra and #**Th in this study ranges from 31 + 2 to 367
+ 27 Bgkg™ with mean value of 142 + 11 Bq kg™. 26 + 2 to
65 + 5 Bq kg™ with mean value of 49 + 4 and 53 + 9 to 109
+ 17 Bq kgt with mean value of 77 + 16 Bq kg,
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respectively.

The activity concentrations ratio “°Ra/*K, #?Th/*K and
22Th/*°Ra are shown in Figure 2. The point 16, in the
figure, were calculated using the mean values for these
radionuclides in soil, according to [25]. It can be seen that
“OK is depleted in relation to the reference, while %*Th and
226Ra ratio present the same ratio value (around 1.5) of the
global mean. This can indicate that 2*2Th and ??°Ra have the
same distribution patter in these soil samples and that the
228Ra activity concentration must be approximately equal to
that of 2**U considering the crustal Th/U activity ratio with
an average of about 1.1 [26]. The “°K depletion must be
related to the soil type and the predominant weathering
occurring in the region forming the soil known as
ferruginous tropical [27, 28].

4
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Fig. 2: Activity ratios of the determined radionuclides in
soil samples. Point 16 was calculated using the UNSCEAR
[25] global average values.

Figure 3 shows the correlation coefficients between “°K,
%Ra and ’Th. It can be seen that “°K do not show
significant correlation with ?*Ra and 2**Th, indicating they
probably are linked to different mineral phases or
granulometric fractions. Confirming the results showed in
Figure 2, the correlation coefficient (Figure 3) between
?2Ra and #**Th indicates a strong correlation (r = 0.74).

The strong positive correlation between ?*°Ra and **Th in
the samples indicates that their rock content must be mostly
influenced and controlled by the similar source origin [29],
and the fact that radium (from the 2**U-series) and thorium
decay series occur combined together in nature [30].

.
SN —— xe@m ooy
e -t

Fig.3: Linear regression and correlation coefficient “K x
*2°Ra, *K x **2Th, and **°Ra x **’Th

The observed values of °Ra and *?Th in these samples
were higher than global average while the *“K activity
concentration had lower value (3). The increasing order of
the activity concentrations for the analysed radionuclides is
?%Ra < #*Th < *°K. Comparing the present study with local
and multinational related reports, as depicted in Table 2, the
mean activity concentration of “°K of similar research is
higher than the present study except that of [31] also
located in the South-East Enugu region of Nigeria. The
?8Ra activity concentrations measured in Nigerian research
reports indicate a variation ranging from 12 to 66 Bk kq™,
which is in agreement with the values here reported. The
same is also observed in the comparing with international
res?arch studies whose variation ranges from 22 to 86 Bk
kg™

3.2 Radiological Parameters (RPs) and

Exposure Indices (EIS)

Table 3 depicts the RPs and Els. The AD values ranged
from 70 + 8 to 105 + 12 (nGyh™), with almost all the
samples presenting higher values than the global average
with mean values ranging from 50 to 59 nGy h™ [25].
According to the same previous reference, 90% of the
world population are exposed to about 20 to over 100 nGy
h™', indicating that the analyzed soil is in well agreement
with the absorbed dose registered in most of the world. The
annual outdoor and indoor AEDE ranged from 0.06 = 0.01
t0 0.13 + 0.01 mSvy™ and 0.23 + 0.03 to 0.52 + 0.06 mSv
y, respectively, and are in good agreement with the global
average of 0.08 and 0.42 mSv y™. Radium equivalent
presented a variation from 106 to 236 Bq kg™ and all the
samples presented values lower than the recommended
value of 370 Bq kg™ indicating that this soil used as
construction material will not pose unnecessary exposures
for the population that can result in late deterministic
effects [32]. The indoor ELCR for the soil samples in this
study ranged from 0.17 x 10 to 0.39 x 10 which is very
close to the world average of 0.29 x 10°. The RLI in the
soils analyzed in this study varied from 0.74 to 1.67 and is
above the reference value of 0.46 mSv y * [33].

The model used for EGDE calculation, for a given material
be used as construction material, consider a typical cavity
type house with infinitely thick walls, which makes it
possible to compare the AGED of a house containing
concentration of ?°Ra, #**Th, and *°K equal with the world
average in soil with those obtained using that given

* material [34]. The value of AGDE considering the global

mean of the activity concentrations of **Ra, 2*?Th, and “’K
is 416 uSv y™. The calculated AGDE for samples from 320
to 732 uSv y™, slightly higher than the recommend value
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[35] Principal component and classification analysis was
applied to the results of radionuclides determined activity
concentrations and calculated radiological parameters. The
result is shown in Figure 4 where the projection of the cases
as a function of factors 1 and 2 are presented. The samples
in the right side, with positive loading factor, in the factor
1, are those presenting the lowest *°Ra and **Th activity
concentrations and were collected in places near the border
of the mine. Samples located in the left side of the Figure 4,
have negative loading factors and present the higher
activity concentration for ?*Ra and ?*?Th.

The projection of the variables, determined activity
concentrations and calculated radiological parameters, as a
function of factors 1 and 2 are presented in Figure 5
showing that 40K is negatively correlated with **Ra and
22Th and that all the calculated radiological indices are
dependent of the activity concentration of the last two
nuclides.

Projection of the cases on the factor.plane (1 x 2)
Cases with sum of cosine square >= 0,00
2.0
1.5 BUERIBT
supo G
1'0 o \
* 'iu/[li 3 |
o 7 i "
3 0.5 W "UP"]:u'g!:
~N 0.0 it RYR1 B
3 -
‘E 0.5 HUB11 ':‘l;f*’ o
- o ~ 0
W 1.0 8UH2 shg1e
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&
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Factor 1: 86.45%

Fig. 4: Factors obtained in component analysis showing the
loading factor for Factor 1 x Factor 2

Projection of e variables on the factor-plane (1 x 2)

Factor 2 ; 8.46%
e
Qo

A0/
1.0 0.5 0.0 0.5 1.0
Factor 1 : B6.45%,

Fig. 5: Correlation between activity concentrations *°Ra,
2Th, and “°K and the radiological indices

Table 4 presents radiological indices values of some studies
from Nigeria and other world locations. For AD the present
study was higher than reported values except in Tanzania
and in Nigeria (Anka). The RLI value of the present study
was higher than those reported values, except for the value
in Al-Khor, Qatar. ELCR value found for the samples of
this study is in the same order of others. AGED in present
study was lower than the value registered in Tamilnadu,
India, and higher than the value reported for Ibadan Oya, in
Nigeria. Hence, the mining activities in the local
government may influence the radiological characteristics
of the Umuahia region soil and it is recommended that
constant monitoring of the mining activities and workers be
adopted. If used as construction material for brick
production, it is unlikely that any radiological harm may be
posed by these samples.

Table 1. Activity of soil Umuahia, SUB (BgKg™).

SID 40 226R, 232Th
SUB1 109.72+8.48 43.31+3.35 66.25+8.62
SuUB2 366.59+27.03 65.01+4.89 99.49+13.71
SUB3 BDL 54.73+4.47 83.37+£10.93
SUB4 111.61+9.49 47.93+4.32 84.99+11.77
SUB5 55.81+4.47 26.06+2.04 53.05+8.62
SUBG6 133.82+10.17 39.25+2.95 61.65+8.61
SUB7 47.93+5.02 61.26+5.38 76.15+10.61
SUBS8 96.4+8.16 54.27+4.37 109.43+16.89
SUB9 49.21+4.89 56.78+5.06 87.48+87.48
SUB10 326.37+25.58 43.56+3.28 82.64+11.95
SUB11 279.04+22.13 59.97+5.21 78.33+10.33
SUB12 31.45+2.34 38.4+3.08 57.09+7.45
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SUB13 119.92+9.18 57.69+4.36 87.63+15.47

SUB14 48.35+5.04 45.28+4.08 60.23+8.93

SUB15 218.71+15.53 40.31+3.54 72.18+11.09

MEAN 142.49+11.25 48.92+4.02 77.33+16.16

GLOBAL

MEAN 412 32 45

Table 2. Comparison of soil (BqKg™) with other scholar’s work.
LOCATIONS K “*Ra “Th REFERENC
E
Nigeria (Abia, Umuahia South) Present
142.49+11.25 48.92+4.02 77.33116.16 Study
Brazil (State of Parana) Soill 237 + 15 50 + 9 48 + 3 [36]
Brazil (State of Parand) Soil 2 258 + 17 23+ 4 23+ 1
India (Punjab and Himachal Pradesh) 143.04 56.74 87.42 [37]
Iraq 335.8 21.7 9.4 [19]
Turkey 771.57 85.75 51.08 [38]
Nigeria (Itagunmodi, south-western) 505.5 55.3 26.4 [4]
Nigeria (Zamfara) 426.51 12.12 60.117 [39]
Nigeria (Kaduna) 459.56 62.28 155.36 [20]
Nigeria (Niger Delta) 210 18 22 [40]
Nigeria (Alade, Southwestern) 383.77 20.82 16.32 [41]
Nigeria (ljero Town) 635.41 42.02 43.27 [23]
Nigeria, South-East (Enugu) 100.65 33.16 77.68 [31]
Nigeria, North West (Anka) 380.34 41.60 151.15 [42]
Table 3. Radiological parameters for soil Umuahia.
AD Raeq RLI AEDE,, AEDE;, ELCRx10°  AGDE

Sample (nGyh™) (BaKg™) (mSv y') (mSv y*) (mSvyh)  (uSvy™)
SUB1 65+7 146+16 1.0240.11 0.08+0.01 0.32+0.03 0.24+0.03 445149
SUB2 105+12 236+27 1.67+0.19 0.13+0.01 0.52+0.06 0.39+0.04 732481
SUB3 7619 174120 1.2+0.14 0.09+0.01 0.37+0.04 0.28+0.03 518+59
SUB4 78+9 178+22 1.24+0.15 0.1+0.01 0.38+0.05 0.29+0.04 538466
SUB5 4616 106+15 0.74+0.1 0.06+0.01 0.23+0.03 0.17+0.02 320444
SUB6 61+7 138+16 0.97+0.11 0.07+0.01 0.3+0.03 0.2340.03 421+48
SUB7 7619 174421 1.2+0.15 0.09+0.01 0.37+0.04 0.29+0.03 523+62
SUB8 95+13 218+29 1.52+0.2 0.12+0.02 0.47+0.06 0.36+0.05 655487
SUB9 81455 186+130 1.29+0.91 0.1+0.07 0.4+0.27 0.30+0.21  557+383
SUB10 8310 187422 1.33+0.16 0.1+0.01 0.41+0.05 0.31+0.04 583+68
SUB11 86+9 193+22 1.3740.15 0.11+0.01 0.42+0.05 0.32+0.04 600+66
SUB12 54+6 122+14 0.85+0.1 0.07+0.01 0.26+0.03 0.20+0.02 367+41
SUB13 85+12 192+27 1.34+0.19 0.1+0.01 0.41+0.06 0.32+0.04 65581
SUB14 59+7 135+17 0.94+0.12 0.07+0.01 0.29+0.04 0.2240.03 556+51
SUB15 7149 160+21 1.1440.14 0.09+0.01 0.35+0.04 0.27+0.03 583+62

Mean 75+12 137+28 1.19+0.2 0.09+0.01 0.37+0.06 0.28+0.05 530+83
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Global
Mean 59 370 1 0.080 0.42 0.29 416
Table 4. Comparison of radiological parameter of soils of present study and other works.
. AD Ra RLI AEDE
Location nGyn?  (Bg ke;_l) (Bq kg?) (mSv YY) ELCR AGED Reference

resent work 75+12 137428 1.1940.2 0.09+0.01 0.2340.05 417483 Psrfl?g;t
Egypt (Suez Canal) 18.88 39.24 0.30 0.020 [43]
Iraq 23.27 46.82 0.359 0.142 [19]
India (Tamilnadu) 60.73 133.14 0.96 0.075 0.261 744.7 [44]
Tanzania 106.8 230.6 0.831 1.07 [6]
Iraq (Karbala) 29.7 61.11 0.463 0.03 0.12 [19]
Turkey 45 96 0.056 [45]
Qatar (Al-Khor) 22 46 0.026 0.941 [46]
Nigeria (Ibadan Oya) 42.0 90.97 0.62 0.36 284.94 [2]
Nigeria (Anka) 121.8 273.1 0.149 [42]

5 Conclusions

The NORM radionuclides “°K, ?*Ra and #*?Th, resulting
from clay mining activities, in the soil mining site in
Umuahia SouthAbia State Nigeria were determined.
Compared to the global average, the activity concentrations
of ?°Ra and %*?Th are above and “°K are below the mean
values. Potassium is depleted in this soil samples, probably
as a result of the bad rock weathering that occurs in the
region. The activity ratio 2?Th/**Ra indicates that these
radioactive elements must have the same provenance in the
soil formation and link to the same mineral phases. On the
other hand, “°K did not present correlation with °Ra and
%2Th. Comparing with published values for other Nigerian
sites and other countries, “°Ra and #*Th was found in
agreement with the range of values reported in literature
and the low values measured for “°K is also observed in
reports for the same region, i.e, Umuahia South, South East,
Nigeria. Samples with the highest activity concentrations
tend to be concentrated more in the centre of the mining
area.

The radiological parameters calculated indicated values
slightly above global means for absorbed dose and annual
gonadal equivalent dose with “*Th responding for the
higher contribution, followed by °Ra. It was observed that
%K do not present correlation with the radiological indices.
The results indicate that use of this soil samples for brick
production to be used as construction material is unlikely to
cause any radiological harm for the individuals.

Acknowledgement

The authors mmensely appreciate the staff of Instituto de
Pesquisas Energe’ticas e Nucleares (IPEN), Centro do
reator de pesquisa (CRPq), USP, Brazil and Tertiary
Education Trust Fund (TETFUND for their support.

References

[1] L. Garba, 1.0.B. Ewa, M.O.A., Oladipo, and C.U.
Omeje, Rare earth element distribution patterns in the
soils around the Nigerian Research Reactor-1, [nirr-1]
in Zaria, Nigeria, European Scientific Journal, 8(16),
245-251, 2012.

[2] D.A. Ayeni, and F.M. Adebiyi, Evaluation of natural
radioactivity and radiation hazards of soils around
petroleum products marketing company using gamma
ray spectrometry. Tanzania Journal of Science, 48(2),
304-312, 2022.

[3] United Nations Scientific Committee on the Effects of
Atomic Radiation, Sources and Effects of lonizing
Radiation, UNSCEAR 2000 Report Vol.l. to the
General Assembly, with scientific annexes, United
Nations Sales Publication, United Nations, New York.,
1, 2000.

[4] A.K. Ademola, Radiological risks from natural
radionuclides in surface soil of Agbara industrial area,
Ogun State, Nigeria, J. Appl. Sci. Environ Manage, 25
(5), 733-739, 2021.

[5] S. Alashrah, A. EI-Taher, H. Mansour., Assessment of
radiological parameters and metal contents in soil and
stone samples from Harrat Al Madinah, Saudi Arabia.
MethodsX 5, 485-494. 2018

[6] M.S., Gurisha, A.A., Makaoba, F.P., Banzi, and H.E.

© 2023 NSP
Natural Sciences Publishing Cor.



20 o T

Moses Ejike Onudibia et al.: Examination of Natural Radioactivity.

Kiyengo, Determination of natural radioactivity levels
and radiation hazards from the soil of tin, mining in
Kyerwa District, Tanzania. Research Square, 1-15,
2022.

[71 HA Awad, HMH Zakaly, AV Nastavkin, AM El
Tohamy, A. El-Taher., Radioactive mineralizations on
granitic rocks and silica veins on shear zone of El-
Missikat area, Central Eastern Desert, Egypt. Applied
Radiation and Isotopes 168, 109493. 2021

[8] AE Abdel Gawad, MM Ghoneim, A El-Taher, AA
Ramadan ., Mineral chemistry aspects of U-, Th-, REE-,
Cu-bearing minerals at El-Regeita shear zone, South
Central Sinai, Egypt. Arabian Journal of Geosciences
14, 1-13, 2021

[9] L.LE. Abraham, A.O. Yusuf, O. Oghenerume, R.A.
Adelana and P.O. Azikiwe, Barite as an industrial
mineral in Nigeria: occurrence, utilization, challenges
and future prospects, Heliyon, 7(6), 2021.

[10] A.O. Akanwa and N.N. Joe-lkechebelu, Chapter 26 -
Sustainable natural resources exploitation: Clay/sand
mining on diminishing greener security and increased
climate risks in  Nigeria, Natural Resources
Conservation and Advances for Sustainability, Elsevier,
545-562, 2022.

[11]Geographic  coordinates of  Umuabhia,

Anonymous, Geographic coordinates of Umuahia
south.
https://www.google.com/search?q=Geographic+coordin
ates+of+Umuahia+south&oq=Geographc+coordinates+
of+Umuahia+south&aqgs=chrome..69i57j33i16014.8089j
0j15&sourceid=chrome&ie=UTF-
8#bsht=Cgdic2h3Y2hwEgQIBDAB [Assessed: 29-04-
2023], [No date].

[12] Umuabhia, Anonymous, Umuahia”.
Wikipediahttps://en.wikipedia.org » wiki > Umuahi
[Assessed: 24-06-2023], No date.

[13] A. Faanu, Assessment of public exposure to naturally
occurring radioactive materials from mining and
mineral processing activities of tarkwa gold mine in
Ghana. PhD Thesis, College of Science, Kwame
Nkrumah University of Science and Technology,
Kumasi Ghana, 2011.

[14] International Atomic Energy Agency, Measurement of
radionuclides in food and the environment.
International Atomic Energy Agency, Technical
Reports Series no 295, 1989.

[15] International Atomic Energy Agency, Extent of
environmental contamination by naturally occurring
radioactive material [NORM], IAEA Technical Report
Series No. 419, Vienna-Austria, 2003.

[16] International Atomic Energy Agency, Reference sheet,
reference material, 2001.

[17] G. Gilmore and J.D. Hemingway, Practical gamma
spectrometry, John Wiley and Sons, NY., 1995.

[18] T.A. Adagunodo, A.l. George, lL.A. Ojoawo, K.
Ojesanmi, and R. Ravisankar, Radioactivity and

radiological hazards from a kaolin mining field in
Ifonyintedo, Nigeria, Science Direct Methods X journal
Elsevier, 5:362-374, 2018.

[19] A.A. Ibrahim, A.K. Hashim and A.A. Abojasim,
Comparing of the natural radioactivity in soil samples
of University at Al-Husseineya and Al-Mothafeen sites
of Karbala, Irag. Jordan Journal of Physics, 14(2), 177-
191, 2021.

[20] F. Alshahri, A. El-Taher., Investigation of Natural
Radioactivity Levels and Evaluation of Radiation
Hazards in Residential-Area Soil Near a Ras Tanura
efinery, Saudi Arbia. Polish Journal of Environmental
Studies 28 (1). 2019

[21] M.O. Isinkaye, N. N. Jibiri, S.I. Bamidele and L.A.
Najam, Evaluation of radiological hazards due to
natural radioactivity in bituminous soils from tar-sand
belt of southwest Nigeria using HpGe-Detector,
International Journal of Radiation Research, 16(3),
351-362, 2018.

[22] O. I. Araromi, A.O. Ojo, M. O. Olaluwoye and O. B.
Odefemi, The Concentration of Natural Radionuclides
in Soil Samples from The Practical Year Agricultural
Farmland, University of Ibadan. IOSR Journal of
Applied Physics, 8(4), 60-68, 2016.

[23] M. R. Usikalu, P. P. Maleka, N. B. Ndlovu, S. Zongo,
J. A. Achuka and T. J. Abodunrin, Radiation dose
assessment of soil from ljero Ekiti, Nigeria. Cogent
Engineering, 6, 1-11, 2019.

[24] K.M. Ajekiigbe, F.S. Olise, S.T. Gbenu, Yinusa,
STV.N. Amadi and H.B. Olaniyi, Gamma
Spectrometric Analysis of Soil, Sediment and Water
Samples of Granitic-Type Solid Mineral Mining
Activities. Journal of Radiation and Nuclear
Applications, 2(1), 29-36, 2017.

[25] United Nations Scientific Committee on the Effects of
Atomic Radiation, UNSCEAR 2008, Sources and
Effects of lonizing Radiation, in: R. United Nations
Scientific Committee on the Effects of Atomic [Ed.],
United Nation Publication, New York, 2010.

[26] S. P. Rihs, T. Jonathan, L. Bruno, P. Damient, C.F.
Marie-Claire and F. Chabaux, using short-lived nuclides
of the U-and Th-series to probe the kinetics of colloid
migration in  forested soils, Geochimica et
Cosmochimica Acta, 75, 7707-7724, 2011.

[27] M. O. Oviri, O. U. Fredrick and A. Ochuko,
Environmental risk assessment of background radiation,
natural radioactivity and toxic elements in rocks and
soils of Nkalagu quarry, Southeastern Nigeria, Journal
of Hazardous Materials Advances, 10, 2023.

[28] T.O. Kolawole, O. lyiola, H. Ibrahim and R. A. Isibor,
Contamination, ecological and health risk assessments
of potentially toxic elements in soil around a municipal
solid waste disposal facility in Southwestern Nigeria,
Journal of Trace Elements and Minerals, 5, 100083,
2023.

[29] AJ. Innocent, M.Y. Onimisi, and S.A Jonah,
Evaluation of naturally occurring radionuclide materials

© 2023 NSP
Natural Sciences Publishing Cor.



J. Rad. Nucl. Appl. 8, No. 3, 215-223 (2023)/ http://www.naturalspublishing.com/Journals.asp

.. D 23

in soil samples collected from some mining sites in
Zamfara State, Nigeria, British Journal of Applied
Science and Technology, 3(4), 684-692, 2013.

[30] HMH Zakaly, MAM Uosif, SAM lIssa, HO Tekin, H
Madkour, M Tammam, ...An extended assessment of
natural radioactivity in the sediments of the mid-region
of the Egyptian Red Sea coast. Marine Pollution
Bulletin 171, 112658. 2021.

[31] J.C. Osimobi, G.O. Avwiri, and E.O. Agbalagba,
Radiometric and radiogenic heat evaluation of natural
radioactivity of soil around solid minerals mining
environment in south-eastern Nigeria. Environmental
Processes an International Journal, Springer Nature,
5(4), 859-877, 2018.

[32] J.A. Santos Junior, E.E.N. Aradjo, Z.H. Fernandez,
R.S. Amaral, J.M.N. Santos, M.O. Milan, Measurement
of natural radioactivity and radium equivalent activity
for pottery making clay samples in Paraiba and Rio
Grande do Norte — Brazil, Environmental Advances, 6,
100121, 2021.

[33] U.K. Mayeen, A. Khandoker, F.B.S. Abdullah, D.A.
Bradley and M.O. Isinkay, Elevated concentrations of
naturally occurring radionuclides in heavy mineral-rich
beach sands of Langkawi Island, Malaysia, Marine
Pollution Bulletin, 127, 654-663, 2018.

[34] A. El-Taher, HA Madkour., Environmental and radio-
ecological studies on shallow marine sediments from
harbour areas along the Red Sea coast of Egypt for
identification of anthropogenic impacts. lIsotopes in
environmental and health studies 50 (1), 120-133. 2014.

[35] WM Badawy, A El-Taher, MV Frontasyeva, HA
Madkour, AEM Khater., Assessment of anthropogenic
and geogenic impacts on marine sediments along the
coastal areas of Egyptian Red Sea. Applied Radiation
and Isotopes 140, 314-326. 2018.

[36] D.A. Fungaro, P.S.C. Silva, F.A. Campello, C.S.
Miranda and J. C. lzidoro, Evaluation of radionuclide
contamination of soil, coal ash and zeolitic materials
from Figueira Thermoelectric Power Plant, Brazilian
Journal of Radiation Sciences, 01-18, 2019.

[37] S. Singh, A. Rani, and R.K. Mahajan, 226Ra, 232Th
and 40K analysis in soil samples from some areas of
Punjab and Himachal Pradesh, India using gamma ray
spectrometry, Radiation Measurements, 39(4), 431-
439, 20005.

[38] S. Dizman, F.K. Gorlr, R. Keser, Determina on of
radioactivity levels of soil samples and the excess of life
me cancer risk in Rize province, Turkey. International
Journal of Radiation Research, 14(3), 237-244, 2016.

[39] A.J. Innocent, M.Y. Onimisi and Jonah, S.A,
Evaluation of naturally occurring radionuclide materials
in soil samples collected from some mining sites in
Zamfara State, Nigeria, British Journal of Applied
Science and Technology, 3(4), 684, 2013.

[40] E.O. Agbalagba and R.A. Onoja, Evaluaon of natural
radioacvity in soil, sediment and water samples of Niger
Delta Biseni flood plain lakes, Nigeria. Journal of

Environmental Radioacvity, 102(7) 667-671, 2011.

[41] O. A. Oyebanjo, E. O. Falayi, F. O. Ogunsanwo and A.
I. Odudu, Natural radioactivity and hazards in soil
samples in Alade community, Southwestern Nigeria,
Journal of Physical and Life Sciences, 1(21), 2018.

[42] A. A. Mbet, U. lbrahim and I. Shekwonyadu,
Assessment of radiological risk from the soils of
artisanal mining areas of Anka, North West Nigeria,
African, Journal of Environmental Science and
Technology, 3(8), 303-309, 2019.

[43] S. Fares, Measurements of natural radioactivity level
in black sand and sediment samples of the Temsah Lake
beach in Suez Canal region in Egypt, Journal of
Radiation Research and Applied Sciences, 10(3), 194-
203, 2017.

[44] E. Devanesan, J. Chandramohan, G. Senthilkumar, N.
Harikrishnan, M.S. Gandhi, S.S. Kolekar and R.
Ravisankar, Natural radioactivity concentrations and
dose assessment in coastal sediments along the East
Coast of Tamilnadu, India with statistical approach,
Acta Ecologica Sinica, 40(5), 353-362, 2020.

[45] G., Akkaya, G., Kaynak, A., Kahraman and O. Gurler,
The investigation of radionuclide distributions in soil
samples collected from Bursa, Turkey, Radiation
Protection Dosimetery, 152(4), 376-383, 2017.

[46] A. Y. Ahmad, M. A. Al-Ghouti, I. AlSadig N. and M.
Abu-Dieyeh, Vertical distribution and radiological risk
assessment of 137Cs and natural radionuclides in soil
samples, Sci Rep, 9(1),12196 2019.

© 2023 NSP
Natural Sciences Publishing Cor.



