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Abstract

Tin mining and milling can be an avenue for economic and technological development. Mining of this mineral contrib-
utes significantly to the distortion of the natural distribution of radioisotopes in the environment. This study assesses
the concentration of natural radioactivity due to radioactive elements such as 40K, 238U and 232Th. Soil samples were
taken from 20 distinct locations within the Utan mining sites, Jos North, Plateau State, Nigeria. Potassium, radium,
and thorium in soil samples from mining sites were determined by measuring their concentration activities using the
gamma-ray spectroscopy method. Activity concentrations of potassium, radium and thorium were determined. In soil
samples, activity concentrations of 40K, 226Ra and 232Th were established. 40K 196.07+4.91 to 608.07+1.44 with an
average of 386.48, 226Ra 0.71£0.02 to 5.11+0.07 with an average of 2.35 and 232Th 14.91+0.74 to 63.71+0.97 with
average activity concentrations of 54.78. The average concentration activity of potassium and thorium was slightly
above the world recommended average of 370.00 and 40.00 respectively, while radium was below the recommended
average. The mines mean absorbed and annual effective dose rates were 14.27-nGy h—1and 18.62 uSvy-1, respectively.
This average calculated absorbed dose rate in the air was found to be much less, than the global average of 57-nGy
h—1. The absorbed dose is considered low compared to the external natural radiation of about 2000 uSv.y-1, to which
no harmful effect is expected directly. However, the mean measured dose rate and calculated dose parameters for the
mine were higher than the regulatory limit for public exposure.
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Introduction

Naturally, Occurring Radioactive Materials (NORMs) are com-
posed of environmentally occurring elements such as potassium,
thorium, and uranium, which are radioactive in nature. These
radioactive elements (radon and radium) are rich in their decay
products and are usually generated from anthropogenic activi-
ties. NORMs are radioactive isotopes in which the nucleus spon-
taneously disintegrates (decays) with the emission of a particle.
However, a trace of radioactive elements is contained in ground
minerals, plant fibres, air and water [1]. Radioactive elements
occurs almost everywhere. NORMs are endemic to many geo-
logical materials and, as a result, are encountered in geological
activity. Radiation protection from exposure to natural sources
has evolved over the decades. Over the last two decades, de-
velopments related to exposure to NORMs have led to a broad
international consensus on how to manage exposure to NORMs.
However, especially in developing countries where regulatory
resources are limited, standards and regulatory approaches ad-
opted at the national level need to be harmonized [2].

A survey on solid mineral carried out in northern Nigeria be-
tween 1904 and 1909 revealed the abundance of tin ore over a

wide area of modern-day Jos, Plateau State, Nigeria. In addition,
more cassiterite and columbite have been discovered [3]. Thus,
mining activities have been happening in Jos and its environs for
more than a century. The mining procedures came with associ-
ated unavoidable environmental damage and hazards [4, 5]. The
indiscriminate dumping of tailings with high concentrations of
monazite, thorite and radioactive metals around the mining sites
is evident and raises issues of concern. Radioactive elements
such as 40K, 238U and 232Th in ores and processed mining
waste during mining, milling, and processing of Tin has long
been proven [6]. Mineral exploration thus leads to the mining of
minerals, this leads to the heightening of NORMs distribution
in the environment and, as a result, an elevation in background
ionizing radiation originating from them in the soil and water
around mining fields [7, 8]. Based on radiological protection
standpoint, the health of dwellers and mineworkers within the
vicinity of mines is of significant concern. The indiscriminate
dumping of mine tailings presents a source of chemical and ra-
diological pollution to man and his environment. The piles of
dumped tailings are usually high in background ionizing radia-
tion. Therefore, weathering, massive desertification, erosion and
other stripping can result in long-distance transport to residen-
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tial areas, farmlands, and larger bodies of water. Hence, the in-
creased background radiation is transported far from the source.
In 2008, it was discovered that many foods grown near mining
areas contained high radium concentrations, which is a harmful
radionuclide. Furthermore, the tin mining landfills reported by
within the Algadama region in Jos showed high radiation param-
eters associated with concentration activities of 40K, 238U and
232Th in the landfill soil. Also, due to environmental and health
concerns, it is important to recognize the fact that unregulated
mining activities in the Northern part of Jos continue to be af-
fected by radiation and risk assessment of mining activities for
miners, the general public and the environment. For these rea-
sons, it is imperative to carry out this study. This work is aimed
at investigating and assessing the concentration activity of these
radionuclides (40K, 238U and 232Th) in soils, in and around the
Utan Tin mine sites. The study aims to determine the extent of
the contribution of mining sites to the concentration effect of the
radioactivity of NORM using Radiochemical methods.

Study Location

Jos is the capital city of Plateau state, in the North-Central region
of Nigeria. It lies between Latitude 9° 56°21.7” N and Longitude
8° 54’ 8” E of the Greenwich meridian with an average elevation
of 1,295 meters above sea level and an approximate population
of 572,700. The people are of Afizere, Anaguta, Bache Irigwe
and Berom ethnic groups [9]. Climatically, it is dominated by
tropical dry and wet conditions with annual rainfall and tem-
perature ranging between 1500 — 2000 mm and 20°C — 25 °C, re-
spectively. The topography is characterized by variable heights
and flat topography series of highlands. In addition, the vegeta-
tion consists of stunted trees, tall grasses and shrubs [9].
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Figure 1: Geological Map of Jos (Plateau-people 2020)

Method and Materials

Soil Sample Collection and Preparation

Samples were taken from twenty different locations within the
mine pits, processing areas and non-mining activities around the
Utan village. The soil samples were taken at a depth of about
10cm deep (topsoil) and sun-dried for about 48 hours, after
which they were packed in polythene bags of non-radioactive
material sealed and labelled A1-A20 (with respect to their loca-
tions) for easy identification and to prevent mix-up. For the ac-
curacy of collected data, measurements were repeated five times
at each sampling point and averaged. The collected samples
were brought into the laboratory and left open for a minimum
of 24hrs at room temperature to dry. A tabletop ceramic mortar
and pestle, followed by a pulverizer, were used to grind them
into a fine powder. The fine soil particles were then packaged
into radon-resistant cylindrical plastic containers with a height
of 7 cm and a diameter of 6 cm. This method fulfilled the chosen
ideal sample container height as well as the detector shape. Each
container would be able to hold about 300 g of samples [10, 11].
To prevent 222Ra from escaping, each package was fitted with a
three-stage sealing device. Smearing Vaseline on the inner rims
of each container lid; filling the lid assembly gap with candle
wax to plug the gaps between lid and container; and tightly seal-
ing the lid container with masking adhesive tape are the steps
involved. After that, the sample was kept for 30 days to allow
radon and its progenies to attain equilibrium before the gamma
spectroscopy measurements.

Gamma Spectroscopy Analysis
Gamma spectrometry using a Nal (T1) detector is the major nu-
clear technique used in background activity analysis [12].
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Results

Table 1: Shows Concentration Activity for “K, 23U and **Th

Locations YK (Bq/kg) 226Ra (Bq/kg) 32Th (Bq/kg)

Al 411.03£7.21 4.56+0.02 54.34+0.14

A2 601.07+0.19 2.57+0.21 59.26+1.18

A3 344.05+4.54 0.91+0.07 22.05+0.15

A4 550.01+4.34 4.73+0.67 63.71+0.97

A5 410.13+7.22 1.98+0.03 57.09+0.90

A6 201.32+3.05 2.08+0.30 31.43+0.68

A7 301.75+0.33 2.79+0.02 207.77+4.71

A8 196.07+4.91 1.71+0.74 14.91+0.74

A9 402.17+6.02 0.71£0.02 79.81+0.43

A10 509.61£9.02 0.19+0.07 61.97+0.99

All 398.02+7.91 0.73+0.06 81.07+2.08

Al12 302.09+6.09 2.48+0.02 41.69+1.71

Al3 511.09+9.04 5.11+0.07 61.09+0.91

Al4 559.12+2.03 3.96+0.19 61.83+0.83

Al5 407.05+5.76 1.27+0.57 19.06+0.75

Al6 608.07+1.44 4.16+0.26 59.93+0.61

Al7 298.98+6.22 2.15+0.04 49.91+0.96

Al18 252.1943.16 1.82+0.21 31.73£071

A19 267.16+0.81 1.17+0.87 16.92+4.61

A20 198.58+2.09 1.90+0.12 20.01+0.29

Table 2: Soil Sample Statistical Analysis

Location Identity N Minimum value | Maximum value | Average
K 20 196.07 608.07 386.478
226Ra 20 0.19 5.11 2.349
B2Th 20 14.91 81.07 54.779

Table 3: Gamma Absorbed Dose Rate for each location (nGyh-1)

Sample Absorbed Dose Rate (nGyh-1)
Al 16.18+3.08
A2 10.31+1.94
A3 14.74+0.93
A4 11.3343.11
AS 15.77£1.79
A6 16.02+2.98
A7 13.99+0.96
A8 10.01+3.76
A9 15.55+3.83
Al0 15.79£2.91
All 14.88+3.43
Al2 11.20+3.30
Al3 16.88+3.81
Al4 16.75+3.44
AlS5 13.08+2.88
Al6 15.25+£3.52
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Al7 10.47+2.38
AlS8 16.90+2.14
Al19 15.66+1.22
A20 14.70+3.55
Minimum 10.01
Maximum 16.90
Mean 14.273

Table 4: Annual Effective Dose Equivalent (uSvy-1)

Sample Annual Effective Dose Equivalent
(uSvy-1)
Al 20.21£4.50
A2 22.23+4.42
A3 18.99£3.11
A4 20.81+4.07
AS 17.32+3.93
A6 21.76+4.09
A7 21.89+4.98
A8 19.33+£3.86
A9 22.26+4.84
Al10 20.49+2.56
All 16.11+1.91
Al2 19.06+3.77
Al3 18.75+0.53
Al4 18.63+£0.94
Al5 16.19+0.85
Al6 15.90+1.31
Al7 15.41+£0.87
Al8 14.88+3.15
Al19 16.71+0.66
A20 15.53+£2.70
Minimum 14.88
Maximum 22.26
Mean 18.623
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Table 5: Values of concentration activity of radionuclides in soil samples (Bq kg-1) from research carried out around the
world

Country 238U 232Th 40K Reference

Russiafa, Jordan 48.3-523.2 8.7-27.1 44-344 Al-Jundi (2002)

Istanbul, Turkey 21 37 342 Karahan and Bayulken (2000)
Syria 19 24 336 Al-Masri et al., (2006)
Kalpakkam, India 5-71 (16) 15-776 (119) 200-854 (406) Kannan et al., (2002)

Tripoli, Libya 10.5 9.5 270 Shenber (1997)

World Average 40 40 370 UNSCEAR (2000)

Table 6: Values of Annual Dose Rate (ADR) of research conducted in different regions and countries (uSvy-1)

Region/Country Location Annual Dose Rate(uSvy-1) | Reference

Johor, Malaysia High radiation area 0.07-1.44 Ramli, et al., 2015

Jos, Nigeria Tin mine 6-28 Ademola, 2008

Utan, Jos North, Nigeria Tin mine 0.21-2.14 This study

Perseus, Ghana Gold mine 0.04-0.12 Faanu et al., 2016

Ede, Nigeria Columbite, Tantalite mine | 0.02-11 Ademola et al., 2015
Bukuru, Nigeria Tin mine 5-80 Funta and Elegba, 2005
World mean value Safety limit Mine sites 0.05 UNSCEAR, 2000

*Atipo et al-JASEM, 2020
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Figure 1: Graph Showing K-40 Activity Concentration
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Figure 3: Graph Showing Th-232 Activity Concentration

Discussion of Results

The radionuclide analysis in soil samples carried out across
the twenty locations within Utan village and its environs re-
vealed that the basic components of soil’s radioactive elements
in Ul include 40K, 238U, and 232Th. From the result, table
1, 40K shows the mean activity concentrations to be 386.478
Bqg/kg, with a concentration activity range from 196.07+4.91
to 608.07+1.44 Bg/kg. The mean value for 40K was slight-
ly higher than UNSCEAR’s 2000 reported value of 370 Bq/
kg as the world average. The 226Ra activity level ranged from
0.1940.07 to 5.11+£0.07 Bq/kg with an average activity level of
2.349 Bq/kg. The 232Th activity level ranged from 14.91+0.74
to 207.77+4.71 Bq/kg, with an average value of 54.779 Bq/kgl.
This result shows that the average activity level for 226Ra is
2.349 Bg/kgl, which is lower compared to the international stan-
dard value of 35 Bq/kgl. For 232Th with an average of 54.779
Bg/kg, is above the world average of 40 Bq/kg, as reported by
UNSCEAR, 2000 [13]. Figures 1, 2, and 3 are 40K, 226Ra, and
232Th radioactivity concentration plots. The study results show
data for activity levels 40K, 226Ra, and 232Th. direct gamma
spectroscopy analysis was used to quantify the activity concen-
trations for 40K, 226Ra, and 232Th that the population might be
exposed to.

Tables 3 and 4 show the location coordinates and elevations
above sea level. Table 4 shows that the ADR values of the mine
site areas varied from 14.88 to 22.26 pSvh-1 with a mean value
of 18.623 uSvh-1. From results obtained in Table 4, shows that
ADR values of the mine site areas varied from 14.88 to 22.26
puSvh-1 with a mean value of 18.623 uSvh-1. These figures are in
the range of 5 to 80 uSvh-1 reported in the Tin mine at Bukuru,
Nigeria and 6 to 28 uSvh-1 reported by Ademola, 2008, in Jos,
Nigeria. However, the value (14.88 to 22.26 uSvh-1) obtained
is above the world safety limit (mean value) of 0.05 puSvh-1,
UNSCEAR, 2000 [14].

Conclusion

The assessment of the Naturally Occurring Radioactive Materi-
als (Norm) in Jos North and in some selected artisanal tin min-
ing sites was conducted. The investigated radionuclides showed
higher specific activity in terms of their mean values compared
to the world’s average safe and acceptable limit. This slight in-

crease can be attributed to the geological structure of the investi-
gated area. Also, the variation recorded in the Annual Dose Rate
(ADR) in the investigated area compared to values obtained
around the world can be attributed to the rocks, soil type, and
anthropogenic activities around the assessed area. It was, how-
ever, observed that the selected radionuclides investigated were
slightly above the recommended world average safety limits
[15]. Therefore, it is imperative to deploy continuous monitor-
ing of the miners, dwellers, and soils around the investigated
area to avoid hazardous radiation-related issues for humans and
the environment.

Article Highlights

* Radioactive elements, which occur naturally, are usually asso-
ciated with both underground and surface mining. This research
work recorded a high concentration of these elements, namely
potassium, radium, and uranium, in the soils around the Utan
mine area.

* The radiation rays consisting of particles known as ionizing ra-
diation (gamma radiation) were determined. It has been recorded
that the mines around the Utan area had a dose of radiation in-
haled by the miners and dwellers. These dose rates were certified
high when compared with the approved average safety limits by
UNSCEAR and other values recorded around the world.

* If necessary precaution is not provided to these mining activ-
ities, miners and dwellers by continuous estimation of these el-
ements in Utan mines and its environs, it may result in severe
disease outbreaks and life-threatening diseases such as cancer.

Acknowledgements
National Research Tomsk Polytechnic University development
program

Funding
The author declare that no funds and grants received prior or
during the research period’

References

1. Raymond L.M. (2000). Nuclear Energy An Introduction to
the concept, system and Application of Nuclear Processes
Fifth Edition.

2. Kriz, Z., & Ruatti, D. (1999). 10th anniversary of the Interna-

J Gene Engg Bio Res, 2022

Volume 4 | Issue 2 | 308


http://www.gammaexplorer.com/wp-content/uploads/2014/03/MURRAY-R.-L.-Nuclear-Energy.-An-Introduction-to-the-Concepts-Systems-and-Applications-of-Nuclear-Processes-.pdf
http://www.gammaexplorer.com/wp-content/uploads/2014/03/MURRAY-R.-L.-Nuclear-Energy.-An-Introduction-to-the-Concepts-Systems-and-Applications-of-Nuclear-Processes-.pdf
http://www.gammaexplorer.com/wp-content/uploads/2014/03/MURRAY-R.-L.-Nuclear-Energy.-An-Introduction-to-the-Concepts-Systems-and-Applications-of-Nuclear-Processes-.pdf
https://www.iaea.org/Publications/Factsheets/English/ines-e,pdf,1999

tional Nuclear Event Scale (INES) (No. INIS-XA-C--015)..
Bitrus, M. F., Igeoma, I. O. M., Rangmou, D. R., Ibrahim,
J. D., & Michael, Y. N. (2015). Cancer risk due to radionu-
clides concentration in tin ores and sediments at Barkin-La-
di, Plateau State, North Central, Nigeria. Int. J. Environ.
Monit. Anal, 3(5), 260-264.

UNSCEAR, U. (2000). Sources and effects of ionizing ra-
diation. United Nations Scientific Committee on the Effects
of Atomic Radiation.

Arogunjo, A. M., Hollriegl, V., Giussani, A., Leopold, K.,
Gerstmann, U., Veronese, 1., & Och, U. (2009). Uranium
and thorium in soils, mineral sands, water and food samples
in a tin mining area in Nigeria with elevated activity. Jour-
nal of environmental radioactivity, 100(3), 232-240.

Jibiri, N. N, Farai, I. P., & Alausa, S. K. (2007). Estimation
of annual effective dose due to natural radioactive elements
in ingestion of foodstuffs in tin mining area of Jos-Plateau,
Nigeria. Journal of environmental radioactivity, 94(1), 31-
40.

Olise, F. S., Oladejo, O. F., Almeida, S. M., Owoade, O. K.,
Olaniyi, H. B., & Freitas, M. C. (2014). Instrumental neu-
tron activation analyses of uranium and thorium in samples
from tin mining and processing sites. Journal of Geochemi-
cal Exploration, 142, 36-42.

Ademola, J. A. (2008). Exposure to high background radi-
ation level in the tin mining area of Jos Plateau, Nigeria.
Journal of radiological protection, 28(1), 93.

9.

11.

12.

13.

14.

15.

Http.//www.plateaustate. gov.ng/plateau the-people

. Wapwera, S. D., Ayanbimpe, G. M., & Odita, C. E. (2015).

Abandoned mine, potential home for the people: A case
study of jos plateau tin-mining region. Journal of Civil En-
gineering and Architecture, 9(4), 429-445.

Aliyu, A., Abdulyakeen, K. A., Belel, S. A., Babanyara, Y.
Y., Salis, A., Ibrahim, A., & Is’haq, D. B. (2019). Heavy
Metals in Water and Plants along Rivers Dilimi and Jenta,
Jos. Plateau State, Nigeria. American Journal of Engineer-
ing Research, 8(3), 32-8.

Ibeanu, I. G. E. (2003). Tin mining and processing in Nige-
ria: cause for concern?. Journal of environmental radioac-
tivity, 64(1), 59-66.

Abu-Haija, O. (2012). Determination of natural radionu-
clides concentrations in surface soil in Tafila/Jordan. Mod-
ern Applied Science, 6(3), 87.

Majolagbe, S. B, Faromika, O. P., & Jeje, S. O. (2014). De-
termination of natural radioactivity in soil samples of some
locations in Akure, Ondo State, Nigeria. International Jour-
nal of Scientific & Engineering Research, 5(7).

Atipo, M., Olarinoye, O., Awojoyogbe, B., & Kolo, M.
(2020). High terrestrial radiation level in an active tin-mine
at Jos South, Nigeria. Journal of Applied Sciences and En-
vironmental Management, 24(3), 435-442.

Copyright: ©2022 Ini Godwin. This is an open-access article
distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

J Gene Engg Bio Res, 2022

https://opastpublishers.com

Volume 4 | Issue 2 | 309


https://d1wqtxts1xzle7.cloudfront.net/39908460/Life-time_Cancer_Risk_in_Barkin-Ladi-libre.pdf?1447268454=&response-content-disposition=inline%3B+filename%3DCancer_Risk_Due_to_Radionuclides_Concent.pdf&Expires=1660637203&Signature=WSoELwFMnb7EdKLLo1TLQSkSwbbqtRVe9G~3-CuTmV6H~s-92cqa8QS5-L8qV5c5SlGRf-i9wfCHQ8TKoEryOmw3dU512UMebkW3NltwaBcsnYWnsoGdDhE34ZEjKh93YFgF4qwzDPKqymN0PMptL3FAsrN2hWP0iKC-2GDKhg1IyGEnTwQ6Co5oLnjviU6zcOb4CeYT2IjSv8oczqF3~zew2um-JaXggleU9PGJE28rm~bauKb~oXCLjCK1ffnvjqcI7c0B-J7v3mqeAEzMSx~Tb6~jVNVCZUV4tzxugNc620gCqyCeh1JtkVtRmMTfMteZzIYBmmZCeGrQs3uFaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/39908460/Life-time_Cancer_Risk_in_Barkin-Ladi-libre.pdf?1447268454=&response-content-disposition=inline%3B+filename%3DCancer_Risk_Due_to_Radionuclides_Concent.pdf&Expires=1660637203&Signature=WSoELwFMnb7EdKLLo1TLQSkSwbbqtRVe9G~3-CuTmV6H~s-92cqa8QS5-L8qV5c5SlGRf-i9wfCHQ8TKoEryOmw3dU512UMebkW3NltwaBcsnYWnsoGdDhE34ZEjKh93YFgF4qwzDPKqymN0PMptL3FAsrN2hWP0iKC-2GDKhg1IyGEnTwQ6Co5oLnjviU6zcOb4CeYT2IjSv8oczqF3~zew2um-JaXggleU9PGJE28rm~bauKb~oXCLjCK1ffnvjqcI7c0B-J7v3mqeAEzMSx~Tb6~jVNVCZUV4tzxugNc620gCqyCeh1JtkVtRmMTfMteZzIYBmmZCeGrQs3uFaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/39908460/Life-time_Cancer_Risk_in_Barkin-Ladi-libre.pdf?1447268454=&response-content-disposition=inline%3B+filename%3DCancer_Risk_Due_to_Radionuclides_Concent.pdf&Expires=1660637203&Signature=WSoELwFMnb7EdKLLo1TLQSkSwbbqtRVe9G~3-CuTmV6H~s-92cqa8QS5-L8qV5c5SlGRf-i9wfCHQ8TKoEryOmw3dU512UMebkW3NltwaBcsnYWnsoGdDhE34ZEjKh93YFgF4qwzDPKqymN0PMptL3FAsrN2hWP0iKC-2GDKhg1IyGEnTwQ6Co5oLnjviU6zcOb4CeYT2IjSv8oczqF3~zew2um-JaXggleU9PGJE28rm~bauKb~oXCLjCK1ffnvjqcI7c0B-J7v3mqeAEzMSx~Tb6~jVNVCZUV4tzxugNc620gCqyCeh1JtkVtRmMTfMteZzIYBmmZCeGrQs3uFaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/39908460/Life-time_Cancer_Risk_in_Barkin-Ladi-libre.pdf?1447268454=&response-content-disposition=inline%3B+filename%3DCancer_Risk_Due_to_Radionuclides_Concent.pdf&Expires=1660637203&Signature=WSoELwFMnb7EdKLLo1TLQSkSwbbqtRVe9G~3-CuTmV6H~s-92cqa8QS5-L8qV5c5SlGRf-i9wfCHQ8TKoEryOmw3dU512UMebkW3NltwaBcsnYWnsoGdDhE34ZEjKh93YFgF4qwzDPKqymN0PMptL3FAsrN2hWP0iKC-2GDKhg1IyGEnTwQ6Co5oLnjviU6zcOb4CeYT2IjSv8oczqF3~zew2um-JaXggleU9PGJE28rm~bauKb~oXCLjCK1ffnvjqcI7c0B-J7v3mqeAEzMSx~Tb6~jVNVCZUV4tzxugNc620gCqyCeh1JtkVtRmMTfMteZzIYBmmZCeGrQs3uFaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/39908460/Life-time_Cancer_Risk_in_Barkin-Ladi-libre.pdf?1447268454=&response-content-disposition=inline%3B+filename%3DCancer_Risk_Due_to_Radionuclides_Concent.pdf&Expires=1660637203&Signature=WSoELwFMnb7EdKLLo1TLQSkSwbbqtRVe9G~3-CuTmV6H~s-92cqa8QS5-L8qV5c5SlGRf-i9wfCHQ8TKoEryOmw3dU512UMebkW3NltwaBcsnYWnsoGdDhE34ZEjKh93YFgF4qwzDPKqymN0PMptL3FAsrN2hWP0iKC-2GDKhg1IyGEnTwQ6Co5oLnjviU6zcOb4CeYT2IjSv8oczqF3~zew2um-JaXggleU9PGJE28rm~bauKb~oXCLjCK1ffnvjqcI7c0B-J7v3mqeAEzMSx~Tb6~jVNVCZUV4tzxugNc620gCqyCeh1JtkVtRmMTfMteZzIYBmmZCeGrQs3uFaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-measures#:~:text=Key%20facts,x%2Drays%20and%20medical%20devices.
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-measures#:~:text=Key%20facts,x%2Drays%20and%20medical%20devices.
https://www.who.int/news-room/fact-sheets/detail/ionizing-radiation-health-effects-and-protective-measures#:~:text=Key%20facts,x%2Drays%20and%20medical%20devices.
https://pubmed.ncbi.nlm.nih.gov/19147259/
https://pubmed.ncbi.nlm.nih.gov/19147259/
https://pubmed.ncbi.nlm.nih.gov/19147259/
https://pubmed.ncbi.nlm.nih.gov/19147259/
https://pubmed.ncbi.nlm.nih.gov/19147259/
https://staff.oouagoiwoye.edu.ng/uploads/439_COURSES_Estimation_of_annual_effective_dose_due_to_natural_radioactive_elements_in_ingestion_of_foodstuffs_in_tin_mining_area_of_Jos-Plateau,_Nigeria_311403861.pdf
https://staff.oouagoiwoye.edu.ng/uploads/439_COURSES_Estimation_of_annual_effective_dose_due_to_natural_radioactive_elements_in_ingestion_of_foodstuffs_in_tin_mining_area_of_Jos-Plateau,_Nigeria_311403861.pdf
https://staff.oouagoiwoye.edu.ng/uploads/439_COURSES_Estimation_of_annual_effective_dose_due_to_natural_radioactive_elements_in_ingestion_of_foodstuffs_in_tin_mining_area_of_Jos-Plateau,_Nigeria_311403861.pdf
https://staff.oouagoiwoye.edu.ng/uploads/439_COURSES_Estimation_of_annual_effective_dose_due_to_natural_radioactive_elements_in_ingestion_of_foodstuffs_in_tin_mining_area_of_Jos-Plateau,_Nigeria_311403861.pdf
https://staff.oouagoiwoye.edu.ng/uploads/439_COURSES_Estimation_of_annual_effective_dose_due_to_natural_radioactive_elements_in_ingestion_of_foodstuffs_in_tin_mining_area_of_Jos-Plateau,_Nigeria_311403861.pdf
https://d1wqtxts1xzle7.cloudfront.net/36621514/Paper_20_Olise2014_Instrumental_neutron_activation_analyses_of_uranium_-libre.pdf?1423822179=&response-content-disposition=inline%3B+filename%3DPaper_20_Olise2014_Instrumental_neutron.pdf&Expires=1660637570&Signature=copfGZcwUw85j1erC1sWSektDP6G1oiMvR0OTu-suXPIamvoUoCNPYHzC~nqjswXpXUZCdI4F38TZXgXY4M5zjiQ3wswd08N6c-9c6GQbEuh0A6Ikgdp555W8iTldbLTXTr4hE8VL1SNIt~BoCkQTfyUOGXsKO4AD2i62Tfu5klOySt7DNhfrg-AEbxXHsi45XAjFC9l6ory7aLHfCG1hNNkbHu7YjFPt0HxiekFsba0dh1oebQnaleFZDK615DSkdY0erorRAaHKAd~JiZRbGUgojYPi92AIP5QMtQgclgLMPqriax8Do3TD0q2nc4Xg3gOhKoJBJXxeAv5HqIQxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/36621514/Paper_20_Olise2014_Instrumental_neutron_activation_analyses_of_uranium_-libre.pdf?1423822179=&response-content-disposition=inline%3B+filename%3DPaper_20_Olise2014_Instrumental_neutron.pdf&Expires=1660637570&Signature=copfGZcwUw85j1erC1sWSektDP6G1oiMvR0OTu-suXPIamvoUoCNPYHzC~nqjswXpXUZCdI4F38TZXgXY4M5zjiQ3wswd08N6c-9c6GQbEuh0A6Ikgdp555W8iTldbLTXTr4hE8VL1SNIt~BoCkQTfyUOGXsKO4AD2i62Tfu5klOySt7DNhfrg-AEbxXHsi45XAjFC9l6ory7aLHfCG1hNNkbHu7YjFPt0HxiekFsba0dh1oebQnaleFZDK615DSkdY0erorRAaHKAd~JiZRbGUgojYPi92AIP5QMtQgclgLMPqriax8Do3TD0q2nc4Xg3gOhKoJBJXxeAv5HqIQxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/36621514/Paper_20_Olise2014_Instrumental_neutron_activation_analyses_of_uranium_-libre.pdf?1423822179=&response-content-disposition=inline%3B+filename%3DPaper_20_Olise2014_Instrumental_neutron.pdf&Expires=1660637570&Signature=copfGZcwUw85j1erC1sWSektDP6G1oiMvR0OTu-suXPIamvoUoCNPYHzC~nqjswXpXUZCdI4F38TZXgXY4M5zjiQ3wswd08N6c-9c6GQbEuh0A6Ikgdp555W8iTldbLTXTr4hE8VL1SNIt~BoCkQTfyUOGXsKO4AD2i62Tfu5klOySt7DNhfrg-AEbxXHsi45XAjFC9l6ory7aLHfCG1hNNkbHu7YjFPt0HxiekFsba0dh1oebQnaleFZDK615DSkdY0erorRAaHKAd~JiZRbGUgojYPi92AIP5QMtQgclgLMPqriax8Do3TD0q2nc4Xg3gOhKoJBJXxeAv5HqIQxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/36621514/Paper_20_Olise2014_Instrumental_neutron_activation_analyses_of_uranium_-libre.pdf?1423822179=&response-content-disposition=inline%3B+filename%3DPaper_20_Olise2014_Instrumental_neutron.pdf&Expires=1660637570&Signature=copfGZcwUw85j1erC1sWSektDP6G1oiMvR0OTu-suXPIamvoUoCNPYHzC~nqjswXpXUZCdI4F38TZXgXY4M5zjiQ3wswd08N6c-9c6GQbEuh0A6Ikgdp555W8iTldbLTXTr4hE8VL1SNIt~BoCkQTfyUOGXsKO4AD2i62Tfu5klOySt7DNhfrg-AEbxXHsi45XAjFC9l6ory7aLHfCG1hNNkbHu7YjFPt0HxiekFsba0dh1oebQnaleFZDK615DSkdY0erorRAaHKAd~JiZRbGUgojYPi92AIP5QMtQgclgLMPqriax8Do3TD0q2nc4Xg3gOhKoJBJXxeAv5HqIQxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/36621514/Paper_20_Olise2014_Instrumental_neutron_activation_analyses_of_uranium_-libre.pdf?1423822179=&response-content-disposition=inline%3B+filename%3DPaper_20_Olise2014_Instrumental_neutron.pdf&Expires=1660637570&Signature=copfGZcwUw85j1erC1sWSektDP6G1oiMvR0OTu-suXPIamvoUoCNPYHzC~nqjswXpXUZCdI4F38TZXgXY4M5zjiQ3wswd08N6c-9c6GQbEuh0A6Ikgdp555W8iTldbLTXTr4hE8VL1SNIt~BoCkQTfyUOGXsKO4AD2i62Tfu5klOySt7DNhfrg-AEbxXHsi45XAjFC9l6ory7aLHfCG1hNNkbHu7YjFPt0HxiekFsba0dh1oebQnaleFZDK615DSkdY0erorRAaHKAd~JiZRbGUgojYPi92AIP5QMtQgclgLMPqriax8Do3TD0q2nc4Xg3gOhKoJBJXxeAv5HqIQxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pubmed.ncbi.nlm.nih.gov/18309198/
https://pubmed.ncbi.nlm.nih.gov/18309198/
https://pubmed.ncbi.nlm.nih.gov/18309198/
https://www.plateaustate.gov.ng/plateau/the-people
https://www.sciencedirect.com/science/article/abs/pii/S0969804313005368
https://www.sciencedirect.com/science/article/abs/pii/S0969804313005368
https://www.sciencedirect.com/science/article/abs/pii/S0969804313005368
https://www.sciencedirect.com/science/article/abs/pii/S0969804313005368
https://www.researchgate.net/profile/Abubakar-Abdulmumin-3/publication/332465527_Heavy_metals_in_water_and_plants_along_Rivers_Dilimi_and_Jenta_Jos_Plateau_State_Nigeria/links/5cb6e90ba6fdcc1d499a49fd/Heavy-metals-in-water-and-plants-along-Rivers-Dilimi-and-Jenta-Jos-Plateau-State-Nigeria.pdf 
https://www.researchgate.net/profile/Abubakar-Abdulmumin-3/publication/332465527_Heavy_metals_in_water_and_plants_along_Rivers_Dilimi_and_Jenta_Jos_Plateau_State_Nigeria/links/5cb6e90ba6fdcc1d499a49fd/Heavy-metals-in-water-and-plants-along-Rivers-Dilimi-and-Jenta-Jos-Plateau-State-Nigeria.pdf 
https://www.researchgate.net/profile/Abubakar-Abdulmumin-3/publication/332465527_Heavy_metals_in_water_and_plants_along_Rivers_Dilimi_and_Jenta_Jos_Plateau_State_Nigeria/links/5cb6e90ba6fdcc1d499a49fd/Heavy-metals-in-water-and-plants-along-Rivers-Dilimi-and-Jenta-Jos-Plateau-State-Nigeria.pdf 
https://www.researchgate.net/profile/Abubakar-Abdulmumin-3/publication/332465527_Heavy_metals_in_water_and_plants_along_Rivers_Dilimi_and_Jenta_Jos_Plateau_State_Nigeria/links/5cb6e90ba6fdcc1d499a49fd/Heavy-metals-in-water-and-plants-along-Rivers-Dilimi-and-Jenta-Jos-Plateau-State-Nigeria.pdf 
https://www.researchgate.net/profile/Abubakar-Abdulmumin-3/publication/332465527_Heavy_metals_in_water_and_plants_along_Rivers_Dilimi_and_Jenta_Jos_Plateau_State_Nigeria/links/5cb6e90ba6fdcc1d499a49fd/Heavy-metals-in-water-and-plants-along-Rivers-Dilimi-and-Jenta-Jos-Plateau-State-Nigeria.pdf 
https://www.sciencedirect.com/science/article/abs/pii/S0265931X02000589
https://www.sciencedirect.com/science/article/abs/pii/S0265931X02000589
https://www.sciencedirect.com/science/article/abs/pii/S0265931X02000589
https://pdfs.semanticscholar.org/facf/60b59fe1dd95dac666401c437300bc6e0018.pdf
https://pdfs.semanticscholar.org/facf/60b59fe1dd95dac666401c437300bc6e0018.pdf
https://pdfs.semanticscholar.org/facf/60b59fe1dd95dac666401c437300bc6e0018.pdf
https://d1wqtxts1xzle7.cloudfront.net/53905094/IJSER_MAJOLAGBE_BABATUNDE_B.TECH_PAPER999.doc-with-cover-page-v2.pdf?Expires=1660637833&Signature=XKZAcy3KPRoL0gKecUx51Al~Rs8zuV9PU0CL3Y28G~nm0Oe3jvH1qx02AkbBkbkbYLIcOKoQ5EkALHGZm0xi17Zg9qhbf2dBJTn6KavcNA4A2sgnSB~4TAInuyFn~3cJJd4NXcHuzImjVjswXqJVgW-SkCcvHgAMzsVv-vhwoSGdbSRxzDxirNuj2C0X0bo6hhEMSI5zkAFlWf7lbz34ky6NgFJAmBbjokhDNQsEBMQzqutl5nEVd-birIwLLGL7T7GJzSJZBTutpgaOcKG3hN~Umokf8vrOx5Dm7xo1s~FgYgZAO1E6cf1R5jOjHpUuuxYFhPWiCIzW8lz7VYI8dA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/53905094/IJSER_MAJOLAGBE_BABATUNDE_B.TECH_PAPER999.doc-with-cover-page-v2.pdf?Expires=1660637833&Signature=XKZAcy3KPRoL0gKecUx51Al~Rs8zuV9PU0CL3Y28G~nm0Oe3jvH1qx02AkbBkbkbYLIcOKoQ5EkALHGZm0xi17Zg9qhbf2dBJTn6KavcNA4A2sgnSB~4TAInuyFn~3cJJd4NXcHuzImjVjswXqJVgW-SkCcvHgAMzsVv-vhwoSGdbSRxzDxirNuj2C0X0bo6hhEMSI5zkAFlWf7lbz34ky6NgFJAmBbjokhDNQsEBMQzqutl5nEVd-birIwLLGL7T7GJzSJZBTutpgaOcKG3hN~Umokf8vrOx5Dm7xo1s~FgYgZAO1E6cf1R5jOjHpUuuxYFhPWiCIzW8lz7VYI8dA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/53905094/IJSER_MAJOLAGBE_BABATUNDE_B.TECH_PAPER999.doc-with-cover-page-v2.pdf?Expires=1660637833&Signature=XKZAcy3KPRoL0gKecUx51Al~Rs8zuV9PU0CL3Y28G~nm0Oe3jvH1qx02AkbBkbkbYLIcOKoQ5EkALHGZm0xi17Zg9qhbf2dBJTn6KavcNA4A2sgnSB~4TAInuyFn~3cJJd4NXcHuzImjVjswXqJVgW-SkCcvHgAMzsVv-vhwoSGdbSRxzDxirNuj2C0X0bo6hhEMSI5zkAFlWf7lbz34ky6NgFJAmBbjokhDNQsEBMQzqutl5nEVd-birIwLLGL7T7GJzSJZBTutpgaOcKG3hN~Umokf8vrOx5Dm7xo1s~FgYgZAO1E6cf1R5jOjHpUuuxYFhPWiCIzW8lz7VYI8dA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/53905094/IJSER_MAJOLAGBE_BABATUNDE_B.TECH_PAPER999.doc-with-cover-page-v2.pdf?Expires=1660637833&Signature=XKZAcy3KPRoL0gKecUx51Al~Rs8zuV9PU0CL3Y28G~nm0Oe3jvH1qx02AkbBkbkbYLIcOKoQ5EkALHGZm0xi17Zg9qhbf2dBJTn6KavcNA4A2sgnSB~4TAInuyFn~3cJJd4NXcHuzImjVjswXqJVgW-SkCcvHgAMzsVv-vhwoSGdbSRxzDxirNuj2C0X0bo6hhEMSI5zkAFlWf7lbz34ky6NgFJAmBbjokhDNQsEBMQzqutl5nEVd-birIwLLGL7T7GJzSJZBTutpgaOcKG3hN~Umokf8vrOx5Dm7xo1s~FgYgZAO1E6cf1R5jOjHpUuuxYFhPWiCIzW8lz7VYI8dA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
C:\Users\admin\Downloads\195118-Article Text-493267-1-10-20200423.pdf
C:\Users\admin\Downloads\195118-Article Text-493267-1-10-20200423.pdf
C:\Users\admin\Downloads\195118-Article Text-493267-1-10-20200423.pdf
C:\Users\admin\Downloads\195118-Article Text-493267-1-10-20200423.pdf

