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Abstract: The radiological effects of Gold mining in Shiroro, Niger state was estimated. A total of 30 soil samples were
collected from various mining spots. The radio nuclides concentrations in the soil sample were measured using gamma
spectroscopy method. The average values of 238U, *°Th and “°K obtained were 34.56 Bgkg™, 28.79 Bgkg™ and 230.44
Bgkg™ respectively. These radioactivity concentration values obtained are lower than the world average value of 35
Bgkg™ for 238U, 30 Bgkg™ for #*?Th, and 400 Bgkg™ for °k by UNSCEAR. The hazard indices and excess lifetime
cancer risk were estimated using standard analytical methods. The mean values obtained for absorbed dose rate,
internal hazard index, external hazard index, gamma indices, , radium equivalent, annual effective dose equivalent
(indoor), annual effective dose (outdoor) and excess lifetime cancer risk respectively were 43.04 nGyh™, 0.35, 0.25,
0.34, 93.47, 0.21 mSvyr™, 0.05 mSvyr™ and 0.184 respectively. The values when compared with the corresponding world
recommended levels were found to be lower than the standard limit and as such, radiation exposure to the miners, those
that process it and those that live very close to the study area may not pose significant health hazard to them.

Keywords: Gold mining, Radiological hazard indices, Excess lifetime cancer risk and Radionuclides.

1 Introduction naturally in the environment (e.g. uranium, thorium and
potassium). Some of these radioactive materials arise from
Mining has been identified as a major source with human activities such as medical or industrial uses of
significant contributions to the increase of naturally radioactivity [1, 5]. In essence, natural sources of radiation
occurring  radioactive material (NORM) into the are concer_ltrated by mining and other industrial activities.
environment [1]. The improper disposal, re-use, and !—|uman_ beings are exppsed to these r_1atura| sources through
recycling of NORM has led to circumstances resulting in ~ inhalation and ingestion causing internal exposure and
contamination events and unnecessary public exposures. irradiation from external gamma rays causing external
Mining activities lead to pre-concentration and €Xposure. The main sources for internal exposures are the
accumulation of NORM in stockpiles, waste piles (tailings), alpha_and beta radiation. Naturally occurring radioactive
pipes, water bodies and finally leading to exposure of ~Mmaterials (NORMs) are found everywhere on earth [S, 6].
humans through the food chain, as a result it is important to ~ Materials may contain the primordial radionuclides such as
investigate and provide sound scientific data for the Potassium, radium, thorium uranium and the radioactive
assessment of exposure of individual workers and the daughter nuclei may cause harm to human beings. The
general public [2, 3]. The rate of leaching of pollutants decay products of either the thorium or uranium decay
from solid materials will change with time and be Series are alpha or beta emitters which can cause internal
dependent on several factors that will regulate the rate of ~ exposure to delicate organs of the body [7, 8]. However, the
pollutants release from these sources [4]. concentration of NORMs is generally low but it can be
All living organisms are generally exposed to ionizing increased by human activities which among them includes
radiation from natural sources. These natural sources Mining. When undisturbed, the radionuclides in the decay
include high energy cosmic ray particles and radionuclides ~ Series are more or less in radiological equilibrium. The
that originate from the earth’s crust and are present human operations like mining and mineral processes cause
everywhere. Radioactive materials (NORMS) occur disequilibrium. As a result of different properties in the
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decay series and geochemical migration and differences in
their half-lives, radionuclides can potentially cause harm to
biological life [4,9]. Gamma radiation emitted from
primordial radionuclide and their progeny is one of the
main external sources of radiation exposure to the humans.
Gamma radiation from radionuclides with half- lives
comparable to the age of the earth such as “°K and
radionuclides from the progeny of *®U and %*Th series are
the main contributors of external sources of radiation to
human body. Of this natural radionuclide potassium is the
most abundant and his found in the earth’s crust on average
of 2.6%, while uranium and thorium are present in levels of
parts per million (PPM) [7]. This study aimed at assessing
the radioactivity concentration level of *®U, #*Th and °K
in soil sample of Gold mining areas of Shiroro, Niger state.

2Method
2.1 Study Area

The study area of this study is Shiroro Local Government
Area, Niger State in North-central, Nigeria as shown in
Figure 1. The area lies within, longitude 10°4'60" N and
latitude 6°52'60" E. It covers an area under 5,015 square
kilometers and population below 100,000. The study area
experiences distinct dry and wet seasons with annual rain
fall varying from 1,100 mm in the northern parts to 1,600
mm. The maximum temperature (usually not more than
45°C) is recorded between March and June, while the
minimum is usually between December and January. The
rainy seasons last between 120 days to 150 days.
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Fig. 1: Map of Study Area.

2.2 Sampling Techniques

The Sampling technique that was used for sample
collection is the systemic random sampling. This is a
probability sampling method in which sample members
from a larger population are selected according to a random

starting point but with a fixed, periodic interval. This
interval, called the sampling interval, is calculated by
dividing the population size by the desired sample size.

2.3 Sample Collection

Thirty samples of soil were collected from some selected
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Gold mining sites in Shiroro LGA, Niger state, Nigeria.
The samples were collected by coring tool to a depth of 5
cm or to the depth of the plough line. The collected samples
each were measured using a beam balance and were
approximately 4 kg in wet mass were immediately
transferred into a high-density polyethylene zip lock plastic
bag to prevent cross contamination. Each sample was
marked with a unique identification number (sample ID) for
traceability and its position coordinates were recorded for
reference purposes using GPS.

2.4 Sample Preparation

A total of thirty soil samples were collected from the study
area. All samples were dried for 4 to 6 days to ensure that
moisture is completely removed. All samples were crushed,

Table 1: Raw Result of Activit

homogenized and sieved through a 200 um, which was the
optimum size enriched in heavy minerals. Samples were
placed in polyethylene beaker of 250 cm® volume each and
weighed. The beakers were completely sealed for 4 weeks
to reach secular equilibrium of radium and thorium and
their progenies.

In the laboratory, soil samples were each transferred into a
separate metal drying pan and dried at a temperature of 105
OC for 24 h in an oven (Labotech; model number MT 202)
to remove all residual moisture and to obtain samples with
constant weight. The dried samples were pulverized into
fine power for homogeneity [10]. Pulverized homogenized
samples were each transferred into a separate 500 ml wide
mouth plastic containers for gamma spectroscopy analysis.

y Concentration of Soil samples.

. . Activity concentration in soil (Bq/kg)
Sample code Longitude Latitude 538U 532Th 20K
SM1 6.75108 9.0230 26.7+3.1 18.0%4.2 198.4+2.8
SM2 6.75222 9.0033 37.3£2.5 11.244.1 98.316.1
SM3 6.75336 9.0105 28.2+1.9 21.2+1.8 344.812.6
SM4 6.7545 9.0221 39.814.1 23.0+£3.5 198.345.3
SM5 6.75564 9.0703 20.4+2.8 22.2+4.8 176.617.1
SM6 6.75678 9.0675 28.1+3.0 19.9+2.6 98.4+4.8
SM7 6.75792 9.0193 37.212.4 28.9t4.6 228.3+5.9
SM8 6.75906 9.0325 51.4+5.1 37.2134 208.4+3.8
SM9 6.76020 9.0203 23.3+3.4 35.0+2.9 398.3+2.7
SM10 6.76134 9.0063 22.3+2.8 30.8+3.7 91.448.1
SM11 6.76248 9.0013 34.8+4.2 22.0+£5.1 298.716.2
SM12 6.76362 9.0401 17.316.1 35.2+3.3 168.3+5.3
SM13 6.76476 9.0023 38.2+3.7 21.7+4.7 244.8+4.5
SM14 6.76590 9.0034 49.4+1.8 33.0+6.1 268.31#3.6
SM15 6.76704 9.0653 34.4+3.9 22.243.3 176.6+6.8
SM16 6.76818 9.0133 28.1+4.2 14.945.2 98.4+4.9
SM17 6.76932 9.0603 47.2+1.3 29.9+3.2 190.3#5.2
SM18 6.77046 9.0507 21.4%4.2 37.2+1.6 268.4+2.8
SM19 6.77160 9.0613 46.3+5.0 45.0+1.3 188.3+6.9
SM20 6.77274 9.0563 32.3+3.7 30.8+4.8 261.4+4.8
SM21 6.77388 9.0088 30.844.3 38.0+3.9 298.416.1
SM22 6.77502 9.0043 27.315.7 36.2+2.7 308.315.5
SM23 6.77616 9.0397 48.2+2.9 26.2+3.7 114.8+3.5
SM24 6.77730 9.0079 49.8+5.2 29.0+4.8 128.3+3.8
SM25 6.77844 9.0057 50.4+1.7 32.2+2.8 206.143.6
SM26 6.77958 9.0129 28.1+3.6 24.916.1 498.417.2
SM27 6.78072 9.0260 47.2+3.1 28.9+3.3 248.313.8
SM28 6.78186 9.0067 21.416.2 37.2+3.7 278.417.6
SM29 6.78300 9.0045 43.3+2.6 37.0+4.7 318.3+8.3
SM30 6.78414 9.0456 26.3+4.2 34.8+2.8 309.345.7

2.5 Method of Data Analysis

The activity concentration of soil samples from Gold
mining area in Shiroro Niger state obtained using Nal(Ti)
detector at National Institute of Radiation protection and

Research Ibadan were analyzed. Evaluation of radiological
hazard effects depending upon the activity concentration of
primordial radioactive elements, various radiological
hazards delivered to the surrounding living biota are
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calculated as follows;

Absorbed Dose Rate (D): The total absorbed dose rate
(D) in nGy/h is calculated using the following formula;

D (nGy/h) = 0.462 Ay + 0.604 Ar, + 0.0417 Ay

1

where, Ay, A, and Ak are the activity concentrations of
38y, 22Th, and “°K in Bgkg™.

Gamma index: The gamma index (Iy) has been
introduced to account for the combined impact of***U,
#2Th and “K as radiological hazard associated with
soil, vegetation and water.

. A A A
Gamma index = —‘; + Ik K 2

30 200 3000

where, Ay, A, and Ak are the activity concentrations of
28y, 22T, and K in Bgkg™.

Table 2: Calculated Radiological Hazard Parameter of Soil Samples from Shiroro Gold Mined, Niger State.

Sample Code D(nGyh'l) Hin Hex Iy Ragg AEDE; g0 AEDE d00r ELCR
SM1 31.54 0.26 | 0.18 0.25 67.71 0.15 0.04 0.135
SM2 28.13 0.27 | 0.16 0.21 60.88 0.14 0.03 0.120
SM3 40.31 0.31 | 0.23 0.31 85.06 0.20 0.05 0.173
SM4 40.61 035 | 0.24 0.31 87.95 0.20 0.05 0.174
SM5 30.25 0.23 | 0.18 0.24 65.74 0.15 0.04 0.129
SM6 29.13 0.25 0.17 0.23 64.13 0.14 0.04 0.125
SM7 44.23 0.36 | 0.26 0.34 96.10 0.22 0.05 0.189
SM8 54.97 0.46 | 0.33 0.43 120.64 0.27 0.07 0.235
SM9 48.63 0.34 | 0.28 0.39 104.01 0.24 0.06 0.208
SM10 32.74 0.26 0.2 0.26 73.38 0.16 0.04 0.140
SM11 41.91 0.34 0.24 0.33 89.25 0.21 0.05 0.179
SM12 36.32 0.26 | 0.22 0.29 80.59 0.18 0.04 0.155
SM13 41.04 0.34 | 0.24 0.32 88.08 0.20 0.05 0.176
SM14 54.02 0.45 0.32 0.42 117.24 0.27 0.07 0.231
SM15 36.72 031 | 0.22 0.28 79.74 0.18 0.05 0.157
SM16 26.11 0.23 | 0.15 0.2 56.98 0.13 0.03 0.112
SM17 47.86 0.41 | 0.28 0.37 104.61 0.23 0.06 0.205
SM18 43.63 0.32 | 0.26 0.35 95.26 0.21 0.05 0.187
SM19 56.48 0.46 | 0.34 0.44 125.14 0.28 0.07 0.242
SM20 445 0.35 | 0.26 0.35 96.47 0.22 0.05 0.191
SM21 49.71 0.38 | 0.29 0.39 108.11 0.24 0.06 0.213
SM22 47.43 0.35 | 0.28 0.37 102.80 0.23 0.06 0.203
SM23 4291 0.39 | 0.26 0.33 94.50 0.21 0.05 0.184
SM24 45.91 0.41 | 0.27 0.35 101.14 0.23 0.06 0.197
SM25 51.39 0.44 | 0.30 0.40 112.31 0.25 0.06 0.220
SM26 48.95 0.35 | 0.28 0.38 102.08 0.24 0.06 0.210
SM27 49.69 0.42 0.29 0.38 107.64 0.24 0.06 0.213
SM28 44.05 032 | 0.26 0.35 96.03 0.22 0.05 0.189
SM29 55.72 0.44 0.33 0.44 120.71 0.27 0.07 0.239
SM30 46.16 0.34 | 0.27 0.36 99.88 0.23 0.06 0.198
MEAN 43.04 0.35 | 0.25 0.34 93.47 0.21 0.05 0.184
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Radium Equivalent Activity (Rae) : The Radium
Equivalent Activity (Ra.,) was calculated using;

Raeq (Bq/kg) = Ay + 1.43A, + 0.077 A, 3

where Ag,, A, and A are the specific activities of *®U,
22Th and “°K (in Bgkg™).

Annual Effective Dose Equivalent (AEDE): The
annual effective dose equivalent (AEDE) for indoor
and outdoor air is determined following UNSCEAR
(2000) as:

AEDE; 0= D(nGyh™)XCF x 8760 x 0.8x10°® (my—srv) 4
AEDE yug00r = D(NGYh™)XCF x 8760 x0.2x10'6(my—srv) 5
where D (nGy/h) is the total absorbed dose, 0.7Sv/Gy is the
conversion coefficient (CF) from absorbed dose to effective
dose received by adults; 10 is the conversion factor from
nano to equal measurements [5].

External Hazard Indices (Hls): The gamma ray
radiation hazards due to the specified radioactive
elements in soil samples are assessed by calculating the
following two hazard indices using the relationship
given as:
Ay | Ath Ak
Hlex 370 " 259 | 4810 6

where, Ay, A and Ak are the activity concentrations of
%8, 22Th, and “K in Bq kg™. The recommended value by
UNSCEAR (2000) report for the hazard indices is less than
unity.

Excess Lifetime Cancer Risk (ELCR): Excess lifetime
cancer risk (ELCR) is calculated using the formula
explained by [11-15] as:

ELCR = AEDE x DL x RF 7

where, AEDE, DL, and RF are annual effective dose
equivalent, duration of life (70 years) and risk factor (0.05
Sv™h), respectively [1].

3 Results and Discussion

The measured activity concentration level of *®U, #2Th
and “°K of soil samples collected from some selected Gold
Mining Site in Shiroro area of Niger State, Nigeria are
presented in Table 1. Sodium lodide (Nal) detector was
used to determine the activity concentration of the soil
sample collected. The radiological parameters analysed in
this research includes the absorbed dose, annual effective
dose, internal and external hazard, excess life cancer risk,
and gamma index and radium equivalent.

The mean activities concentration level of 2®U, **Th, and
%K in the samples collected are 34.56 Bgkg™, 28.79 Bakg™
and 230.44 Bgkg™' respectively. These radioactivity
concentration values obtained are below the world average
value of 35 Bakg*for *U, 30 Bgkg™ for ?*Th and 400

The mean activities concentration level of 28U, Z2Th, and

The absorbed dose ranged from 26.11 to 56.48 nGyhr ™ with
an average value of 43.04 nGyhr*for all soil samples.
These indicates that the people living within mining site are
less expose to gamma dose radiation. The result does not
exceed the permissible limit as recommended by
UNSCEAR (2000).

The radium equivalent ranged from 56.98 Bg/kg to 125.15
Ba/kg. The mean value of 93.8 Bg/Kg is lower than the
recommended limit set by UNSCEAR [12].

The internal hazard index (H;,) varied from 0.23 to 0.46),
with the mean value of (0.35), while the external hazard
indices (Hey) for the soil samples of the study ranged from
0.15 to 0.43. This value is far less than unity. This implies
that the soil is safe for agricultural practice.

The indoor and outdoor annual effective dose equivalent
ranged from 0.13 to 0.28 mSv/y and 0.03mSv to 0.07mSv
with a mean value of 0.21 mSv/ly and 0.05mSv
respectively. These values for indoor and outdoor annual
effective dose equivalent are lower than the world
average values of 0.450 mSv/yr and 0.070 mSv/yr
respectively.

The mean excess lifetime cancer risk (ELCR) for all
samples is 0.184 and is lower than the world average value
of 0.29 [1]. This implies that the risk of developing cancer
by the miners, workers and the people living near this
environment in general is low. This imply that the soil does
not pose much or any threat to the public, though no
radiation is said to be safe.

4 Conclusions

Radioactivity levels of ?°U, #?Th and “°K has been
measured in the soil samples collected in soil samples of
some Gold mining area of shiroro in Niger state, Nigeria.
The activities concentration of U, #2Th, and “°K were
measured and an average of 34.56 Bgkg™, 28.79 Bgkg™ and
230.44 Bakg™ respectively were obtained. These values are
slightly lower than the world average. All radiation
parameter estimate from the soil samples of Gold mining
area of Shiroro in Niger state are within the safe limit.
Finally, we conclude that the radiation emitted from the
radionuclides present in the soil of the study area do not
pose any radiological health hazard to the public of the area
and the activity carried out on soil such as agriculture.

References

[1] L. C. Davou and W. E. Mangset, “Evaluation of Radiation
Hazard Indices and Excess Lifetime Cancer Risk Due To
Natural Radioactivity in Mined Tailings in Some Locations in
JOS Plateau State Nigeria,” 7(1), 67-72, 2015, doi:
10.9790/4861-07116772.

[2] A. Mundi, I. Abdulwasiu, and U. Sarki, “Estimation of
Radioactivity Content from Locally Minned Salt in Keana ,
Estimation of Radioactivity Content from Locally Minned

© 2022 NSP
Natural Sciences Publishing Cor.



S. C.Ladan et al.: Assessment of Radioactivity ...

Salt in Keana , Nasarawa State Nigeria,” 1(January)., 6—
11, 2021.

[3] O. O. Samson, U. Ibrahim, S. D. Yusuf, A. A. Mundi, and I.
M. Mustapha, “Assessment of Natural Radioactivity and
Estimation of Radiation Dose Parameters around Cement
Production Company in Ibese , Ogun State , Nigeria,” 5(2),
20-28, 2019.

[4] S. S. Kerinja, U. Ibrahim, S. D. Yusuf, M. M. Idris, and A.
A. Mundi, “Assessment of Radiation Exposure Level from
Some Scrap Metal Dumpsites in Nasarawa State, Nigeria,”
Asian J. Res. Rev. Phys., 3(2), 1-9, 2020, doi:
10.9734/ajr2p/2020/v3i230115.

[5] M. Mustapha, S. Tukur, A. Kana, S. Hamza, and S. Aliyu,
“Outdoor Background Radiation Level and Radiological
Hazards Assessment in Lafia Metropolis , Nasarawa State ,
Nigeria,” 1, 27-35, 2021.

[6] S. E. Etuk, N. J. George, I. E. Essien, and S. C. Nwokolo,
“Assessment of Radiation Exposure Levels within Ikot
Akpaden Campus of Akwa Ibom State University , Nigeria,”
7(3), 86-91, 2015, doi: 10.9790/4861-07328691.

[7]1 HA Awad, HMH Zakaly, AV Nastavkin, AM EI 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] R Elsaman, GAM Ali, MAM Uosif, A. El-Taher, KF
Chong Transfer factor of natural radionuclides from clay
loam soil to sesame and Cowpea: radiological hazards.
International Journal of Radiation Research., 18(1), 157-
166, 2021.

[9IM. C. Dumpsite and A. 1. State, “Investigation of
Radiological Hazards Within Uyo,” 6(5), 687-691, 2016.
[10] F. E. Adeleke, I. O. Olarinoye, M. M. Idris, and K. U.

Isah, “Estimation Of Soil-To-Plant Transfer Factors For 238
U, 232 Th , K And 137 Cs Radionuclides For Some
Selected Medicinal Plants In Some Part Of Minna And

Kaduna , Nigeria,” 180(2), 171-180, 2021.

[11] N. State, M. M. Idris, S. H. Isah, and H. M. Wada,
“Indoor and Outdoor Background Radiation Levels and
Radiological Hazard Assessment of Some Modern Houses
in Keffi Metropolis ,” 7(2), 146-154, 2021.

[12] HAM Awad, HMH Zakaly, AV Nastavkin, A. El-
Taher Radioactive content and radiological implication in
granitic rocks by geochemical data and radiophysical
factors, Central Eastern Desert, Egypt International Journal
of Environmental Analytical Chemistry., 1-14 , 2020.

[13] A. El-Taher, L Najam, | Hussian, MA Ali Omar
Evaluation
of natural radionuclide content in Nile River sediments and
excess lifetime cancer risk associated with gamma radiation.
Iranian Journal of Medical Physics., 16(1), 27-33, 2019.

[14] Hashem A Madkour, Mohamed Anwar K Abdelhalim,
Kwasi A Obirikorang, Ahmed W Mohamed, Abu El-Hagag
N Ahmed, A El-Taher, Environmental implications of
surface sediments from coastal lagoons in the Red Sea coast
Journal of Environmental Biology., 36(6), 1421, 2015.

[15] HMH Zakaly, MAM Uosif, SAM lIssa, HO Tekin, H
Madkour, M Tammam, Atef El-Taher, Gharam A
Alharshan, Mostafa YA Mostafa 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.

[16] MAE Abdel-Rahman, M Sabry, MR Khattab, A El-
Taher, SA EI-Mongy Radioactivity and risk assessment
with uncertainty treatment for analysis of black sand
minerals Zeitschrift fiir anorganische und allgemeine
Chemie., 647(4), 210-217, 2020.

[17] S Alashrah, A. El-Taher Assessing exposure hazards and
metal analysis resulting from bauxite samples collected
from a Saudi Arabian mine, Polish Journal of
Environmental Studies., 27(3), 959-966, 2021.

[18] Abdel-Salam A.M and A. El-Taher Al-Hassan A. A
Assessment of natural radioactivity levels and heavy
metals in different types of rice consumed in Qassim,
Saudi Arabia. Life Science Journal., 11, 829-836, 2014.

[19] UNSCEAR. Sources and Effects of lonizing Radiation.
United Nations Scientific Committee on the Effect of
Atomic Radiation, Report to the General Assembly
annexes, United Nations, New York. USA. 2000.

© 2022 NSP
Natural Sciences Publishing Cor.



