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Abstract

The activity concentrations of radionuclides level in the soil samples from the riverbank of Goronyo dam have
been investigated using the high-resolution gamma-ray spectrometry to evaluate health hazards indices and
excess lifetime cancer risk (ELCR). The minimum, maximum and mean activity concentrations of 28U, 2*2Th,
and “°K in the soil sample was 13.34 Bq/kg -54.37 Bg/kg with a mean value of 34.7 Bg/kg +12.4 Bg/kg, 21.56
Bg/kg -71.23 Bg/kg with a mean value of 45.5+13.8 Bg/kg, and 198.83 Bg/kg -891.63 Bg/kg with a mean value
of 541.24192 Bqg/kg, respectively. The mean Radium equivalent activity concentrations (141.5+30.4 Bg/Kg),
outdoor external dose (81.06+17.6 nGy/h), indoor external dose (342.25+70.4 nGy/h), and total average annual
effective dose (405.31 + 88 m.Sv/yr was calculated. The total excess lifetime cancer risk was found to be
1.440.3 and is above the world’s average.
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I.  Introduction:

Naturally occurring radioactive materials (NORMSs) are substances that have existed since the
beginning of time. The human body, earth, water, and air are among the materials. NORMs are found in our
environment primarily from extraterrestrial (cosmic radiation) and terrestrial sources [1]. Radioactive nuclides
from the primary decay chains for 2®U, #°U, #*2Th, and their daughter products, as well as long-lived
radioactive nuclides like “°K, can be found in naturally occurring materials [2-4]. The release of radioactive
nuclides into the soil, which is the primary source of natural background radiation, is caused by the weathering
of the earth's crust. Furthermore, fertilizer elements like phosphates (***U and #**Th) and potassium, employed in
plant nitration processes, are regarded as significant causes of soil contamination [4].

Almost all building materials derived from rock or soil contain radionuclides at varying levels. Long-
lived radionuclides with half-lives comparable to Earth's age, such as those originating from the ®*U or %*Th
series, as well as “°K, can still be found in the Earth's Based on the local geology of the location, underlying
rock, and distinct geological formations with differing concentrations [5]. %?U, “°K, and **Th are among the
nuclides that can be determined by gamma-ray spectrometry. Daughter nuclides of the ***U, #*®U, and “**Th
isotopes are present [6]. Gamma spectrometry of NORMs is complicated for a variety of reasons. First, the
activity levels are usually rather low and can require long counting periods. Secondly, is the nature of
background spectrometry; a large number of peaks can be present in the background spectra owing to the
NORM nuclides in the surroundings of the detector. Depending on the local environment, there may be
evidence of contamination from neutron-capture and fission-product nuclides, such as *°Co and *’Cs [7]. Some
radionuclides emit characteristics of gamma rays, which can be measured by using a gamma spectrometry
system.

Goronyo Local Government area is among the rice-producing area in Sokoto State due to the presence
of Fadama land and the Goronyo dam. As a result of long-term activities such as farming, fishing, and constant
use of sand and water from the dam to build houses. There is likely hold that the region might have a higher
dose of radioactive nuclides obtained by plants through their roots or leaves, and by animals through plant
intake. These radionuclides enter the human body either directly from plants as food that is ingested in water, or
milk [8-11]. Therefore, a need to investigate the effect of radiation and the danger it posed to the environs. The
effect of radiation at high, moderate, and low doses is associated with death, cancer, and genetic effects,
respectively [12]. Earlier work from the Wurno Local Government area indicates that naturally occurring
radionuclides “°K were found significantly higher in a concentration above the world mean values [13]
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In this work, High Purity Germanium detector (HPGe) was used to determine the concentration of radionuclides
due to its ability to accurately and reliably identify radionuclides from their passive gamma-ray emission.

Il.  Materials And Method
Study area
This study was carried out in the Goronyo local government Area of Sokoto State Nigeria. The soil
samples were collected from river banks of the Goronyo dam. Goronyo LGA has a total land mass of 1,704 km?
with an approximate population of 220,000 and lies between the coordinates of longitude 5°10°00”” E and
5°40°02"’E and latitude 12°39°00> N and 13°0°00"°N [14].
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Figure 1. Map of Goronyo L.G.A of Sokoto, Nigeria depicting the area under study [33]

Sample collection

Twenty samplings (20) points were collected, and each point is 4 km away from the next close to the
river bank area where farming activities take place. A zig-zag pattern was followed by the 20 sampling points in
agreement with the International Atomic Energy Agency [15]. For some places, four (4) different samples were
homogenized within 60 cm portions to produce a 94-98% representation of the soil.

Sampling processing

A total of 20 sand samples were collected from the river banks of the Goronyo dam. - at different
locations along a 40-km stretch of the dam. and then filled into labeled polyethylene bags. Each sample bag was
marked with a sample code GR1-GR20 indicating the various sand samples. To assure the removal of moisture
from the samples, they were placed in a drying oven at 80 °C for 24-hours before being pulverized and passed
through a 1-mm sieve. The samples were weighed 300gm into a plastic container capped, sealed, and kept for
about 1-month to achieve a radioactive equilibrium of #2Rn with its parent ??°Ra in the *®U chain. The soil
samples were subjected to a thorough gamma spectrometry examination. Finally, the samples were measured for
24-hours to achieve good count statistics.

Activity determination

The samples were analyzed using A P-type coaxial HPGE detector (with 25% efficiency and a 3 keV
resolution) having a low background. The setup was used to determine the activity concentrations of U,
22Th, and “K in the collected samples as shown in Table 1 below.

The Environmental Monitoring Laboratory of the National Institute of Radiation Protection and
Research (NIRPR), University of Ibadan, used a High Purity Germanium (HPGe) radiation detector (8023
Model: Gc with Serial Number: 9744 and Pre-Amplifier Model: 2002csl) for gamma spectrometric analysis.
The Canberra coaxial HPGe detector has a relative efficiency of 50% and a resolution of 2.4 keV at 1.33 MeV
of Co-60 [16]. The internal of the HPGe detector is a 5 cm thick lead shield to aid in the reduction of external
radiation interference during measurement. The IAEA calibration Multi-Gamma Ray Standard (MGS6M315)
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was used to acquire spectrum peaks of radionuclides spanning energy lines. The activity concentration of *®U
was measured using the 1764 KeV-line of ?*Bi, whereas the activity concentration of **Th was measured using
the 2614.5 KeV-line of 2®TI. The concentration of “°K in the samples was determined using a single 1460 KeV-
line of “°K. Following the achievement of secular equilibrium, photo peaks count of progenies with higher
intensity were compiled under the respective parents of **U and %*Th. After then, the samples were counted for
18,000 seconds. The IAEA provided standard reference material for different energies of interest in the
prescribed sample geometry, which was used for general quality control of the radiochemical procedures as well
as the efficiency calibration of the gamma-counting equipment. After deducting decay correction, the activity
concentration (4;) in Bg/kg of the radionuclides in the samples was estimated using the expression

_ _Cn
T ey Mgk, (1)

A, is the specific activity of radionuclide (Bg/kg), C,, is the net count per second of the sample under the
corresponding photo peak, ¢, is the efficiency of the detector at the specific gamma ray energy of interest and I,
is the intensity of gamma ray at a particular energy being counted, M, is the mass of the sample (kg).

Calculation of Hazard parameters

Dose calculation

The external Gamma Dose Rate (D) for the sand samples was estimated using the mean activity Concentrations
of 28U, 2*2Th, and “°K at around 1.0 m above ground using eq.[17, 18];

D,(nGyh™%) = (0.462 X A,) + (0.604 X Ap,) + (0.417 x A}) 2)

Where D is the absorbed dose rate in (nGyh~1), the activity concentrations (Bg/kg) for 2*®U, #**Th, and *°K are
Ay, Ay, and Ay respectively.

Radium equivalent activity

Radium equivalent activity (Ra.,) is a mathematically derived index that represents the activity levels of 238y,
282Th, and “°K and is calculated from the eq. [19];

Ra,, = Ay + 1.43 Apy, + 0.077 Ay, (3)

External hazard indices (H,,)

The external hazard index, or Hex, is a widely used hazard index (representing external exposure) that is
calculated using the expression [20];

H,, = Ay + Arn + Ak (G))
370 259 i 4810 i i . i L. i
The recommendations of eq. (2) were used to estimate the radiological hazard to residents living near the river

bank from exposure to ionizing radiation from naturally occurring radionuclides in the environment.
Internal Hazard Index (H;,), is computed by Eq. (4), measures internal exposure to radon and its daughter
isotopes [21];
ARa |, ATh Ak
Hy, = Tas + 750 + 7810 (5)
Annual effective dose rate
The annual effective dose rate is calculated using the
The UNSCEAR report proposed the conversion coefficient from absorbed dose in the air to effective dose (0.7
Sv.Gyl), outdoor occupancy factor (0.2), and indoor occupancy factor (0.8) to estimate annual effective dose
rates [22]. are employed. As a result, the yearly effective dose rate (mSv/yr) is calculated using the following eq.
(5) and (6) [23];
AEDR oytq00ry = 1.2 D X 1073 m.Sv/yr (6)
AEDR (ingoory = 491D x 1073 m.Sv/yr @)
Gamma Index (I,))
The gamma index I,, is expressed mathematically using the eq. (7) [24]

I, = ARa 4 Arh Ak (8)
150 100 1500
The excess lifetime cancer risk (ELCR).

The likelihood of growing additional malignant growth in a populace inside a lifetime after openness to
radionuclides can be calculated from the values obtained from eqg. (5) and (6) [25]

ELCR outaoory = E(oury X DL X RF (9a)

ELCR indoory = E(inaoory X DL X RF (9b)

where AEDR is Annual effective dose equivalent, DL is duration of life (70yrs), RF is risk factor (0.05 Sv™).
For stochastic effects, ICRP 60 uses values of 0.05 Sv™* [25].
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Table 1. concentrations of radionuclides for different soil samples with calculated dose rate

Locations Activity concentration (Bg/Kg) Radium equivalent (Bg/kg) Absorbed Dose rate (nGy/h)
2| 2y, a0y Raeg ERD
GS-1 21.43 32.37 467.54 103.72 48.95
GS-2 36.15 21.56 538.53 108.45 52.18
GS-3 45.21 52.12 327.61 144.97 66.03
GS-4 13.34 38.67 339.51 94.78 43.68
GS-5 47.01 42.34 198.83 122.87 55.58
GS-6 41.23 71.23 790.12 203.93 95.02
GS-7 54.37 51.31 674.54 179.68 84.24
GS-8 36.41 45.23 472.84 137.50 63.86
GS-9 18.35 38.67 321.65 98.42 45.25
GS10 30.37 47.24 531.32 138.83 64.72
GS-11 39.45 35.88 351.65 117.84 54.56
GS-12 19.56 67.32 742.32 172.99 80.65
GS-13 30.21 51.28 582.47 148.39 69.22
GS-14 22.36 65.42 635.62 164.85 76.35
GS-15 52.12 31.32 532.53 137.91 65.20
GS-16 25.32 46.23 465.84 127.29 59.05
GS-17 43.18 53.64 692.51 173.20 81.23
GS-18 38.67 36.25 798.67 152.01 73.07
GS-19 26.53 58.76 891.63 179.21 84.93
GS-20 53.12 2341 468.34 122.66 58.21
mean+c 34.7x12.4 455+13.8 541.2+192 141.5+30.4 66.1+14.4

o = standard deviation

I11.  Results and Discussion

The activity concentration of **®U, *Th, and “°K for all sand samples from the riverbank of Goronyo
dam, have been determined and the summary is presented in table 1. The activity concentration of U, %2Th,
and K ranged from 13.34 Bqg/kg -54.37 Bqg/kg with a mean value of 34.7 Bg/kg +12.4 Bg/kg, 21.56 Bqg/kg -
71.23 Ba/kg with a mean value of 45.5+13.8 Bg/kg, and 198.83 Bg/kg -891.63 Bg/kg with a mean value of
541.2+192 Bag/kg, respectively as presented in table 1. The calculated absorbed dose rate ranges from 43.68-
95.02 nGy/h with a mean value of 66.1+14.4 nGy/h, which slightly surpasses the global average of 51 nGy/h 51
nGy/h [26].

The Rae, is the weighted sum of activities concentration of **®U, **Th, and “°K in a material and from
assumptions, eq. (3) Produces the same dose rate of gamma-radiation [27].

The calculated values of Ra.q range from 94.78-203.93 Bk/kg with a mean value of 141.5+30.4 Bqg/kg
less than the world’s average of 370 Bg/kg [28] and are within recommended limits set by [29]. The calculated
values of Ragq are shown in table 1 from sand samples of the riverbank of Goronyo. These results assured the
safe uses of the soil for farming, building, and other purposes.
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Table 2 Radiclogical parameters for the soil samples
Absorbed Dose
rate

Locations (ERD)(nGy/h) Hazard indices Activity AEDE [mSv/y)
Hex Hin utilization Index| Outdoor Indoor Total ELCR*103
G5-1 45 0.28 0.34 0.78 60.03 240.12 300.15 1.1
G5-2 52 0.236 0.39 0.82 63.99 255.98 319.97 1.1
G5-3 66 0.39 0.51 1.04 80.97 323.91 404.89 1.4
Gs-4 44 0.26 0.29 0.70 53.57 214.26 267.83 0.9
G55 56 0.23 0.46 0.87 68.17 22.67 340.84 1.1
G5-6 95 0.55 0.66 1.51 116.53 466.13 582.66 2.0
G5-7 84 0.49 0.63 1.32 103.31 413.24 516.55 1.8
G5-8 64 0.37 0.47 1.01 78.31 313.26 391.58 1.3
G539 45 0.27 0.32 0.72 55.50 221.56 277.46 0.5
G510 65 0.37 0.46 1.02 79.37 317.45 396.86 1.4
G511 55 0.32 0.42 0.86 66.91 267.66 334.57 1.1
GS-12 81 0.47 0.52 1.30 98.91 395.65 494.56 1.7
G5-13 63 0.40 0.48 1.10 24.85 335.56 424.45 1.4
GS5-14 76 0.45 0.51 1.22 93.63 374.53 468.17 1.6
G5-15 65 0.37 0.51 1.01 79.97 319.86 399.82 1.3
GS-16 53 0.34 0.41 0.94 72.41 289.65 362.07 1.2
G517 81 0.47 0.58 1.28 99.61 358.45 452.07 1.7
G518 73 0.41 0.52 1.15 29.60 358.42 448,03 1.5
G5-19 85 0.48 0.56 1.35 104.15 416.62 520.78 1.3
G5-20 58 0.23 0.47 0.50 71.38 285.55 356.95 1.2
Meanto 66.1114.4 0.3810.1 0.48+0.1 1.05+0.2 21.06+17.6  342.25+70.4  405.31+88  1.430.3

o =standard deviation

The external and internal radiation hazard index (Hex and Hi,) are presented in Table 2. From the soil
samples, the average external and internal radiation hazard index (Hex and Hi,), were found to be 0.38 + 0.1 and
0.48+0.1 respectively. These values obtained are less than the unity recommended [30]. The average
representative level index is found to be 1.05 £ 0.2 as shown in table 2.

The values obtained using eq. (6) and (7) are outdoor and indoor AEDE values and are presented in Table 2.
53.57 mSvly, 116.53 mSv/y and 81.06+17.6 mSv/y are the calculated minimum, maximum and average values
of outdoor and 22.67 mSv/y -466.13 mSv/y and 342.25+70.4 mSv/y are the calculated minimum, maximum and
average values of indoor respectively. Also, the average annual effective dose equivalent (outdoor and indoor)
1.4+0.3 were higher than the world recommended value [29].

The Excess lifetime cancer risk (ELCR) is calculated from eg. (9a) and (9b) as shown in table 2. The minimum,
maximum and average value of the ELCR is 0.9 x 1073, 2.0x 1073, and 1.4 + 0.3 x 10~ 3respectively.

Table 3. Comparison of activity concentrations obtained with similar studies
Average activity concentration (Bg/kg)

SIN  Country 228y 282Th K Reference
1 Nigeria (Goronyo Sokoto) 34.7+12.4 45.5+13.8 541.2+192 present study
2 Nigeria (Wurno Sokoto) - 53.76 679.7 [31]
3 Nigeria (Zaria Kaduna) - 215.1848.70  476.04+28.07 [32]
4 Nigeria (Port Harcourt) 24.1+2.8 30.4545.8 368.313.5 [33]
5 Nigeria (Kogi) 74.3+5.0 110.3+24.8 974.7+6.8 [19]

The activity concentration for 2*U, ***Th, and *°K are compatible with the results reported from other locations
in Nigeria as shown in Table 3.

IV.  Discussion
This study present the radiological assessment carried out on riverbank of Goronyo dam of Sokoto
Nigeria. Goronyo dam is the biggest lenctic water body in Sokoto. It was developed to serve as surge control
and utilized for dry farming irrigation system [34]. The mean activity concentrations of *U, %*2Th, and “K,
Radium equivalent (Raeq) found in all samples and representative level indices based on the findings from the
study, for all measured samples, the concentrations of 2*®U and “°K were slightly higher than the global average
35 Bq/kg and 400 Bq/kg, respectively for 22U and “°K. However, the mean activity concentration of **Th level
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are within world standard as reported by [35] that a global activity concentration of %**Th is 45.03 Bg/kg
according to UNSCEAR (2000). The high level of “°K activity concentrations are likely due to existence of
monazite at that sampling site, presence of phosphate rock and the fertilizers used for farming in the study
region [36]. Based on table 3, the radioactivity levels in the sample differ from region to region; however, it is
vital to keep in mind that these values are not representative of the country but only for the region. According to
Table 1, The samples have an average absorbed dose rate slightly greater than the global average value 50
(nGhly) [35].

The average mean activity concentrations of *¥U, 22Th, and “°K is of the order “K>%**Th>?*U. The
average ELCR (1.4 £ 0.3 x 1073), is slightly higher than the world average, the results of this study indicate a
cancer risk thus, making the sediment unsafe for use as building materials

V.  Conclusion
The average activity concentrations of 2®Uand “°K and potassium in the sand samples of riverbank of
Goronyo dam is higher than the world reported average values. %?Th average activity concentration from the
samples were found to be slightly greater than the world average. The sediment mostly used as building
materials, farming and rearing of animals do post a radiological risk within the environs. Therefore, locals
should avoid using the sediment from the riverbank of Goronyo dam as construction materials.

Acknowledgement

The authors would like to appreciate the support of Sokoto State University and (TETFund) Institution Based
Research (IBR) intervention for fully sponsoring of this research work 2021/2022.

Conflicts of interest

The authors declared no conflict of interest

References
[1]. Khandaker, M.U., et al., Determination of radon concentration in groundwater of Gadau, Bauchi State, Nigeria and estimation of
effective dose. Radiation Physics and Chemistry, 2021. 178: p. 108934.
[2]. Azeez, H.H., H.H. Mansour, and S.T. Ahmad, Transfer of natural radioactive nuclides from soil to plant crops. Applied Radiation

and Isotopes, 2019. 147: p. 152-158.
[3]. Azeez, H.H., H.H. Mansour, and S.T. Ahmad, Effect of Using Chemical Fertilizers on Natural Radioactivity Levels in Agricultural
Soil in the Iragi Kurdistan Region. Polish Journal of Environmental Studies, 2020. 29(2).

[4]. Azeez, H.H., S.T. Ahmad, and H.H. Mansour, Assessment of radioactivity levels and radiological -hazard indices in plant fertilizers
used in Iragi Kurdistan Region. Journal of Radioanalytical and Nuclear Chemistry, 2018. 317(3): p. 1273-1283.

[5]. Shuaibu, H.K., et al., Assessment of natural radioactivity and gamma-ray dose in monazite rich black Sand Beach of Penang Island,
Malaysia. Marine pollution bulletin, 2017. 119(1): p. 423-428.

[6]. Usikalu, M., et al., Radioactivity concentration and dose assessment of soil samples in cement factory and environs in Ogun State,

Nigeria. International Journal of Civil Engineering and Technology (IJCIET), 2018. 9(9): p. 1047-1059.

[7]. Papastefanou, C., Radioactive aerosols. Radioactivity in the Environment, 2008. 12: p. 11-58.

[8]. Alharbi, A. and A. El-Taher, A study on transfer factors of radionuclides from soil to plant. Life Science Journal, 2013. 10(2): p.
532-539.

[9]. Saueia, C. and B.P. Mazzilli, Distribution of natural radionuclides in the production and use of phosphate fertilizers in Brazil.
Journal of Environmental Radioactivity, 2006. 89(3): p. 229-239.

[10]. Bilgici Cengiz, G. and I. Caglar, Evaluation of lifetime cancer risk arising from natural radioactivity in foods frequently consumed
by people in Eastern of Turkey. Journal of Radioanalytical and Nuclear Chemistry, 2022: p. 1-11.

[11]. Hazou, E., et al., Transfer from soil to grass and statistical analysis of naturally occurring radionuclides in soil from phosphate
mining and processing sites in Maritime Region of Togo. Environmental Earth Sciences, 2021. 80(18): p. 1-12.

[12]. Gbadamosi, M., et al., Distribution of radionuclides and heavy metals in the bituminous sand deposit in Ogun State, Nigeria—A
multi-dimensional pollution, health and radiological risk assessment. Journal of Geochemical Exploration, 2018. 190: p. 187-199.

[13].  Ahijjo, Y., Gross Alpha/Beta Radioactivity Determination in Water Samples from Some Mining Sites, Wurno LGA, Sokoto state,
Nigeria. Wurno LGA, Sokoto state, Nigeria (September 10, 2021), 2021.

[14]. Mustapha, M., B. Yusuf, and A. Abdullahi, Micro-financing and rural poverty reduction: A case of Rima microfinance bank in
Goronyo Local Government Area, Sokoto state, Nigeria. Journal of Development and Agricultural Economics, 2019. 11(10): p.
256-264.

[15].  Guidebook, A., Measurement of Radionuclides in Food and the Environment. Vienna: International Atomic Energy Agency.
Retrieved from https://www. iaea. org/publications/1398/measurement-of-radionuclides-in-food-and-the-environment, 1989.

[16]. Ekong, G.B., et al., Baseline radioactivity and associated radiological hazards in soils around a proposed nuclear power plant
facility, South-South Nigeria. Journal of African Earth Sciences, 2021. 182: p. 104289.

[17].  Uosif, M., et al., Natural radioactivity levels and radiological hazards indices of chemical fertilizers commonly used in Upper
Egypt. Journal of Radiation Research and Applied Sciences, 2014. 7(4): p. 430-437.

[18]. Radiation, U.N.S.C.0.t.E.0.A., Sources and effects of ionizing radiation, united nations scientific committee on the effects of atomic
radiation (UNSCEAR) 1993 report: report to the general assembly, with scientific annexes. 1993: United Nations.

[19]. Yinusa, S., et al., Radiological Assay of Technologically Enhanced Naturally Occurring Radionuclides and Hazard Assessment in
Soil Samples from Selected Towns in Kogi state, Nigeria. Journal of Radiation and Nuclear Applications, 2017. 2(1): p. 17-21.

DOI: 10.9790/4861-1402021117 www.iosrjournals.org 16 | Page


https://www/

Determination of radioactivity concentration from sand samples from river banks of ..

[20].  Nasir, T., H. Al-Sulaiti, and P.H. Regan, Assessment of radioactivity in some soil samples of gatar by gamma-ray spectroscopy and
the derived dose rates. Pakistan Journal of Scientific & Industrial Research Series A: Physical Sciences, 2012. 55(3): p. 128-134.

[21]. Radiation, U.N.S.C.0.t.E.0.A., Sources and effects of ionizing radiation. UNSCEAR 1996 report to the General Assembly, with
scientific annex. 1996.

[22]. Radiation, U.N.S.C.0.t.E.0.A., lonizing radiation: sources and biological effects. 1982 report to the general assembly, with annexes.
1982.

[23]. Kumar, A, et al., Assessment of natural radioactivity levels and associated dose rates in soil samples from historical city Panipat,
India. Journal of radiation research and applied sciences, 2017. 10(3): p. 283-288.

[24]. Elsaman, R., et al., Natural radioactivity levels and radiological hazards in soil samples around Abu Kargas sugar factory. Journal of
Environmental Science and Technology, 2018. 11(1): p. 28-38.

[25].  El Mamoney, M. and A.E. Khater, Environmental characterization and radio-ecological impacts of non-nuclear industries on the
Red Sea coast. Journal of Environmental Radioactivity, 2004. 73(2): p. 151-168.

[26].  Unscear, U., Report to the General Assembly, with scientific annexes. 2000, UN New York.

[27].  El-Taher, A., Assessment of natural radioactivity levels and radiation hazards for building materials used in Qassim area, Saudi
Arabia. Romanian journal of physics, 2012. 57(3-4): p. 726-35.

[28].  Al-Trabulsy, H., A. Khater, and F. Habbani, Radioactivity levels and radiological hazard indices at the Saudi coastline of the Gulf
of Agaba. Radiation Physics and Chemistry, 2011. 80(3): p. 343-348.

[29]. nucléaire, O.d.c.e.d.d.6.A.p.l.é., Exposure to Radiation from the Natural Radioactivity in Building Materials: Report by a Group of
Experts of the OECD Nuclear Energy Agency. 1979: OECD.

[30]. UNSCEAR, Sources and effects of ionizing radiation. 2000, United Nations New Y ork.

[31].  Ahijjo, Y., et al., Radioactivity Concentrations in Soil Samples from Kandam, Gyalgyal, Burmawan masaka, Dinbisu and Giyawa
Mines in Wurno LGA, Sokoto State, Nigeria. Asian journal of research and reviews in Physics, 2018. 1((4)): p. 1-9.

[32]. Abu-Samreh, M., Gamma radiation measurement and dose rates of naturally occurring radioactive samples from Hebron Province
geological rocks. Abhath Al-Yarmouk, 2006. 15: p. 1-9.

[33].  Umar, A., M. Onimisi, and S. Jonah, Baseline measurement of natural radioactivity in soil, vegetation and water in the industrial
district of the Federal Capital Territory (FCT) Abuja, Nigeria. British Journal of Applied Science & Technology, 2012. 2(3): p. 266.

[34]. Maishanu, H.M., M.M. Mainasara, and .M. Magami, Assessment of Productivity Status Using Carlson’s TSI and Fish Diversity of
Goronyo Dam, Sokoto State, Nigeria. Traektoria Nauki= Path of Science, 2018. 4(1): p. 2001-2006.

[35].  Ahijjo, Y., et al., Radioactivity Concentrations in Soil Samples from Kandam, Gyalgyal, Burmawan masaka, Dinbisu and Giyawa
Mines in Wurno LGA, Sokoto State, Nigeria.

[36]. Tchokossa, P., J. Olomo, and O. Osibote, Radioactivity in the community water supplies of Ife-Central and Ife-East local

government areas of Osun State, Nigeria. Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 1999. 422(1-3): p. 784-789.

Usman lliyasu, et. al. "Determination of radioactivity concentration from sand samples from
river banks of Goronyo dam, Sokoto Nigeria using high-resolution gamma-ray spectrometry.”
IOSR Journal of Applied Physics (IOSR-JAP), 14(02), 2022, pp. 11-17.

DOI: 10.9790/4861-1402021117 www.iosrjournals.org 17 | Page



