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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 μSvy-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 μSv.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 9º 56’21.7” N and Longitude 
8º 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]. 

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 NaI (Tl) detector is the major nu-
clear technique used in background activity analysis [12].
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Results

Table 1: Shows Concentration Activity for 40K, 238U and 232Th

Locations 40K (Bq/kg) 226Ra (Bq/kg) 232Th (Bq/kg) 
A1 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 
A11 398.02±7.91 0.73±0.06 81.07±2.08 
A12 302.09±6.09 2.48±0.02 41.69±1.71 
A13 511.09±9.04 5.11±0.07 61.09±0.91 
A14 559.12±2.03 3.96±0.19 61.83±0.83 
A15 407.05±5.76 1.27±0.57 19.06±0.75 
A16 608.07±1.44 4.16±0.26 59.93±0.61 
A17 298.98±6.22 2.15±0.04 49.91±0.96 
A18 252.19±3.16 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 
40K 20 196.07 608.07 386.478 
226Ra 20 0.19 5.11 2.349 
232Th 20 14.91 81.07 54.779 

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

Sample Absorbed Dose Rate (nGyh-1)
A1 16.18±3.08
A2 10.31±1.94
A3 14.74±0.93
A4 11.33±3.11
A5 15.77±1.79
A6 16.02±2.98
A7 13.99±0.96
A8 10.01±3.76
A9 15.55±3.83
A10 15.79±2.91
A11 14.88±3.43
A12 11.20±3.30
A13 16.88±3.81
A14 16.75±3.44
A15 13.08±2.88
A16 15.25±3.52
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A17 10.47±2.38
A18 16.90±2.14
A19 15.66±1.22
A20 14.70±3.55
Minimum 10.01
Maximum 16.90
Mean 14.273

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

Sample Annual Effective Dose Equivalent 
(μSvy-1)

AI 20.21±4.50
A2 22.23±4.42
A3 18.99±3.11
A4 20.81±4.07
A5 17.32±3.93
A6 21.76±4.09
A7 21.89±4.98
A8 19.33±3.86
A9 22.26±4.84
A10 20.49±2.56
A11 16.11±1.91
A12 19.06±3.77
A13 18.75±0.53
A14 18.63±0.94
A15 16.19±0.85
A16 15.90±1.31
A17 15.41±0.87
A18 14.88±3.15
A19 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 (μSvy-1)

Region/Country Location Annual Dose Rate(μSvy-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

Figure 1: Graph Showing K-40 Activity Concentration

Figure 2: Graph Showing Ra-226 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 UI include 40K, 238U, and 232Th. From the result, table 
1, 40K shows the mean activity concentrations to be 386.478 
Bq/kg, with a concentration activity range from 196.07±4.91 
to 608.07±1.44 Bq/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 
0.19±0.07 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/kg1. 
This result shows that the average activity level for 226Ra is 
2.349 Bq/kg1, which is lower compared to the international stan-
dard value of 35 Bq/kgl. For 232Th with an average of 54.779 
Bq/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 μSvh-1 with a mean value 
of 18.623 μSvh-1. From results obtained in Table 4, shows that 
ADR values of the mine site areas varied from 14.88 to 22.26 
μSvh-1 with a mean value of 18.623 μSvh-1. These figures are in 
the range of 5 to 80 μSvh-1 reported in the Tin mine at  Bukuru, 
Nigeria and 6 to 28 μSvh-1  reported by Ademola, 2008, in Jos, 
Nigeria. However, the value (14.88 to 22.26 μSvh-1) obtained 
is above the world safety limit (mean value) of 0.05 μSvh-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.
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