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Abstract: This study examines the levels of background ionizing radiation and associated radiological health risks in
selected mining communities, Anka, Bagega, and Abare in Anka Local Government Area of Zamfara State, Nigeria. An
inspector's Alert nuclear radiation meter was used to conduct radiation measurements, with readings taken at 15 mining
spots and corresponding control points located 100 meters away. Radiological hazard indices such as absorbed dose rate
(ADR), annual effective dose equivalent (AEDE), and excess lifetime cancer risk (ELCR) were determined to evaluate
potential health impacts. Results show that mean absorbed dose rates at mining sites were 3984.6 nGy/h (Anka), 2575.2
nGy/h (Bagega), and 4628.4 nGy/h (Abare), notably exceeding the global outdoor average of 59 nGy/h and the safety
threshold of 84 nGy/h recommended by UNSCEAR. The corresponding AEDE values in mining areas were 4.886 mSv/yr,
3.158 mSv/yr, and 5.676 mSv/yr, exceeding the public exposure limit of 1.0 mSv/yr set by the ICRP. The calculated ELCR
values in all locations also surpass the global average of 0.29 x 1073, with mean values of 17.103 (Anka), 11.053 (Bagega),
and 19.866 (Abare), indicating substantial lifetime cancer risks. These elevated radiological indices point to significant
environmental contamination, with possible long-term health implications for both miners and residents. While no
immediate radiological symptoms may be visible, the findings highlight the urgent need for regulatory intervention, public
health monitoring, and sustainable mining practices to mitigate future health crises in the region.
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1 Introduction significant environmental contamination, especially with
heavy metals and particulate matter [4-6]. Although

Artisanal and small-scale mining (ASM) has emerged as a  Previous studies have explored heavy metal exposure and
significant source of livelihood in sub-Saharan Africa, ~dust inhalation risks, there remains a lack of
including Nigeria, particularly due to its low entry cost and ~ cOmprehensive, up-to-date data on the radiological impacts
high returns. However, these operations often occur without ~ Of these mining operations, particularly about external
formal regulatory oversight and are carried out with limited ~ 9amma radiation exposure. lonizing radiation exposure,
regard for radiological, environmental, or safety standards ~ €specially at elevated levels, has both deterministic and
[1-3]. In areas where naturally occurring radioactive stochastic health efft_ects, including potential carcinogenesis
materials (NORMs) or uranium-rich minerals are present, ~and long-term genetic damage [7-9]. On a Global scale, the
such unregulated mining practices can elevate background ~ average background ionizing radiation is estimated at
levels of ionizing radiation in the surrounding environment, ~ @pproximately 59 nGy/h, but this value can vary
posing long-term health risks to miners and local ~considerably —depending on local geology and
populations. In Nigeria’s northwestern region, Zamfara anthropogenic activities [10-12]. Studies conducted in other
State has gained international attention due to the scale and ~ Nigerian mining regions have reported background dose
intensity of gold mining activities. Towns like Anka, rates far above this global average, suggesting significant
Bagega, and Abare have witnessed both artisanal and radiation exposure in those areas [13-14]. The International
commercial gold extraction processes that have resulted in ~ Commission on  Radiological ~ Protection  (ICRP)
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recommends an annual public dose limit of 1.0 mSv/year
for external exposure from non-medical sources (ICRP,
2021) [7]. However, several recent assessments have shown
that many Nigerian mining communities exceed this
threshold. For example, a study in Jos, Plateau State,
revealed mean absorbed dose rates exceeding 3000 nGy/h,
which was largely attributed to granitic bedrock and
prolonged mining operations [15-18]. Similarly, annual
effective doses recorded in southeastern and central
Nigerian mining areas have been found to surpass the
global average of 2.4 mSvl/year, indicating heightened
exposure risks [19-22].

This current study seeks to assess the levels of background
ionizing radiation in selected mining locations within the
Anka Local Government Area of Zamfara State, namely
Anka, Bagega, and Abare. By employing field
measurements and radiological hazard indices such as
absorbed dose rate (ADR), annual effective dose equivalent
(AEDE), and excess lifetime cancer risk (ELCR), this work
seeks to evaluate potential health risks and compare
observed values against both international benchmarks and
findings from similar mining environments.

2 Materials and Methods

2.1 Study Area

The study centers on communities located in Anka, a local
government area in Zamfara State, North-western Nigeria,
where the study areas are located (see Fig. 1). Anka is one
of the fourteen Local Government Areas of the State. It lies
within latitudes 11° 40" 0” and 12° 20" 0" North and
longitudes 5° 50’ 0” and 6° 20’ 0” East, and it is about 80
km from Gusau, the State capital. Anka town is the
headquarters of the Anka Local Government Area (LGA).
The study area is: Anka, Bagega, and Abare in Anka L.G.A
of Zamfara State. The areas are chosen because of the
nature of the mining sites and the local nature of the mining
activities, to ascertain the level of mining hazards (health
hazards) or the harmful effects of background ionizing
radiation on the miners and people living in the area.

2.2 Population of Samples

Background ionizing radiation measurements were
conducted at selected artisanal mining sites located in
Anka, Bagega, and Abare communities in the Anka Local
Government Area of Zamfara State, Nigeria. The study
population comprises all active and abandoned artisanal
gold mining sites within these three communities, as well as
adjacent residential areas situated within a 100-meter radius
from each mining location. A total of 45 sampling sites
were systematically selected across the study areas, 15 sites
each from Anka, Bagega, and Abare to ensure spatial
representation. At each location, measurements of ambient

gamma radiation were recorded both at the mining spot and
100 meters away using a handheld Inspector Alert Nuclear
Radiation Meter. From these sampling locations,
radiological health indices were calculated, including
absorbed dose rate (ADR), annual effective dose equivalent
(AEDE), and excess lifetime cancer risk (ELCR). These
indicators were used to assess the potential radiological
hazards associated with prolonged exposure to natural
background radiation in the mining environment.
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Fig.1: Map of the Anka Local Government Area of
Zamfara State.

In total, 90 radiation readings (45 mining spots and 45
adjacent residential locations) were analyzed. The data
formed the basis for evaluating environmental safety
conditions and estimating long-term health risks to both
occupational and non-occupational populations living
within proximity to these mining zones

2.3 Method of Data Collection

Measurement of background ionizing radiation was done
using an Inspector Alert nuclear radiation meter
manufactured by S.E. International, Inc., USA, with serial
number 35440. The meter has a halogen quenched Geiger-
Muller Tube + 45 mm effective diameter and mica window
density of 1.5 2.0 mg/cm3. The Geiger tube generates a
pulse of electrical current each time radiation is incident on
the tube and causes ionization. Each pulse is electronically

© 2025 NSP
Natural Sciences Publishing Cor.



J. Rad. Nucl. Appl. 10, No. 3, 249-259 (2025) [ http://www.naturalspublishing.com/Journals.asp

. m

detected and registered as a count in the choice mode of the
operator. The meter was held one meter above the ground
surface to reflect the abdominal level of readings, in counts
per minute, were taken at each point of the fifteen mining
sites, mean accurate reading was calculated from the fifteen
readings conducted in each. The analytical procedure was
conducted for a week, in Anka, Bagega, and Abare mining
sites, by analyzing fifteen different readings from the
mining sites for a week. In count per minute (CPM) mean
average reading in count per minute (CPM) is taken in each
of the fifteen mining sites. Also, readings in counts per
minute are taken from the mining spot and 100m away
from the mining spot.

2.4 Method of Statistical Analysis

The measured results (raw data) obtained from the study
area (Anka, Bagega, and Abare) in Anka L.G.A of Zamfara
State, Nigeria were analysed using the Microsoft Excel
computer program. The radiological hazard parameters
(Absorbed dose rate, Annual Effective Dose Equivalent,
and Excess lifetime cancer risk) were also computed. The
locations of each of the sample points were determined
using a geographical positioning system (GPS). The
exposure rate obtained was quantitatively used to assess the
radiation health impact on the public in the study area and
radiation effective doses to different organs of the body by
performing several radiological health hazard indices
calculations using well-established mathematical relations.

Count rate per minute (CPM) = 1073 Roentgen x F

)

where F is the quality factor, which is equal to 1 for
external environments (ICRP, 2007) [23].

2.5 Calculation of Radiological Hazards Indices

2.5.1 Absorbed dose rate (ADR) in air

The absorbed dose is used to assess the potential for any
biochemical changes in specific tissues. It quantifies the
radiation energy that might be absorbed by a potentially
exposed individual. The measured outdoor background
exposure levels were converted to radiation absorbed dose
rate in air using Equation 3 according to [24-27].

-3
8.7x10 -1

nGyy

- -1 _ -1 _
ADR =1uRh™ =8.7nGyh™" = /87607

)
This implies that:

1mRh™! = 8.7 nGyh™1 x 103 = 8700 nGyh™?
@)

2.5.2 Annual effective dose equivalent (AEDE)

The AEDE is used in radiation assessment and protection
to quantify the whole body absorbed dose per year. It is
used to assess the potential for long-term effects that might
occur in the future. The annual effective dose equivalent
(AEDE) per year received by workers and the population is
obtained from equation 3 [28].

AEDE (mSv.y ™Y outdoor =
D(nGy.h™1)x 8760h x CF x OFx1073
(4)

where D is the absorbed dose rate in nGyh-1, 8760h is the
total hours in a year, CF is the dose conversion factor from
absorbed dose in air to the effective dose in Sv/Gy (CF =
0.7 Sv/Gy), OF is the occupancy factor, the expected period
the members of the population would spend within the
study area. OF = 0.2 for outdoor, as it is expected that
human beings would spend 20 % of their time outdoors, as
recommended by [23].

2.5.3 Excess lifetime cancer risk (ELCR)

The ELCR was evaluated using the AEDE values as shown
in Equation 6 according to [24-27].

ELCR = AEDE (mSvy™) x DL x RF
®)

where DL is the average duration of life (70 years) and RF
is the fatal cancer risk factor per Sievert (Sv*). For low-
dose background radiation, which is considered to produce
stochastic effects, ICRP 103 uses a fatal cancer risk factor
value of 0.05 for public exposure [23, 29].

3 Results and Discussion

The sampling location code, Latitude, and Longitude of the
Background radiation level in active mining spots and a
spot at a distance of 100 m away in Anka, Bagega, and
Abare, in Anka local government, Zamfara State, are
presented in Tables 1to 3

Radiological parameters such as calculated annual absorbed
dose rate (ADR), the annual effective dose rate (AEDR),
and estimated excess cancer lifetime risk (ECLR) are
calculated using Equations 1 to 6 and are presented in
Tables 2, 3, and 4.

The assessment of background ionizing radiation at
selected mining sites in Anka, Bagega, and Abare within
the Anka Local Government Area of Zamfara State was
conducted using a handheld radiation monitoring device
(Inspector Alert Nuclear Radiation Meter). Radiological
health hazard indices, including absorbed dose rate (ADR),
annual effective dose equivalent (AEDE), and excess
lifetime cancer risk (ELCR), were employed to evaluate
potential health risks to residents in the study area.
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In Anka, ADR values at the mining sites ranged from 957
to 7,743 nGy/h, while those recorded 100 m away ranged
from 348 to 1,827 nGy/h, with corresponding mean values
of 3,984.6 nGy/h and 4,698 nGy/h. In Bagega, ADR values
ranged from 1,218 to 5,916 nGy/h at the mining sites and
609 to 5,220 nGy/h at 100 m distance, with mean values of
2,575.2 nGy/h and 1,782.92 nGy/h, respectively. In Abare,
ADR values ranged from 1,218 to 8,613 nGy/h at mining
sites and 365.4 to 3,567 nGy/h at 100 m away, with mean
values of 4,628.4 nGy/h and 1,670.98 nGy/h, respectively.
Notably, the highest mean ADR was recorded in Abare.

These mean dose rates far exceed the global population-
weighted average of 59.0 nGy/h [24, 30]; Monica et al.,
2016) and the UNSCEAR-recommended outdoor exposure
limit of 84.0 nGy/h [31-32]. Such elevated radiation levels
indicate environmental contamination and potential long-
term radiological health risks, despite the absence of
immediate observable effects. Compared to previous
studies, these values are significantly higher than the
126.15 + 5.10 nGy/h reported by [33] in Enugu State,
although still lower than the 132.16 + 24.36 nGy/h reported
in Ughelli, Delta State.

The AEDE values also followed a similar trend. In Anka,
AEDE at the mining sites ranged from 1.813 to 9.496
mSv/yr, and from 0.426 to 3.200 mSv/yr at 100 m distance,
with mean values of 4.886 mSv/yr and 0.576 mSv/yr,
respectively. In Bagega, values ranged from 1.493
t07.255mSv/yr and 0.746 to 6.402 mSv/yr, with mean

values of 3.158 mSv/yr and 2.186 mSv/yr, respectively. For
Abare, AEDE values ranged from 1.493 to 10.562 mSv/yr
and 0.448 to 4.374 mSv/yr, with means of 5.67 mSv/yr and
2.049 mSvlyr, respectively.

These results exceed the 1.0 mSv/yr public dose limit
recommended by the International Commission on
Radiological Protection [23] and the global average
background radiation of 2.4 mSv/yr [34], further
confirming the heightened exposure risks in the study areas.

The ELCR values recorded are of significant concern. In
Anka, ELCR ranged from 6.348 %107 to 33.236 x107* at
the mining sites and 1.493 x1073 to 2.016 x1073 at 100 m
away, with respective mean values of 17.103 x10~* and
2.016 x1073. In Bagega, ELCR ranged from 5.228 x107 to
25.393 x107% and 2.614 x107 to 22.406 x1073, with mean
values of 11.053 x107* and 7.653 x1073. In Abare, ELCR
ranged from 5.228 x107 t0 36.970 x107* and 1.568 x1073 to
15.310 x1073, with mean values of 19.866 <10~ and 7.172
%1073, respectively.

These values are significantly higher than the global
average of 0.29 <1072 for lifetime cancer risk. This suggests
a substantially increased likelihood of cancer development
among residents exposed over a lifetime. The values
recorded here surpass those reported in environments such
as the Uburu Salt Lake [34-35] and industrial areas of
Warri [24], but are somewhat lower than those from the
Okposi Okwu Salt Lake.

Tablel: Background radiation level in active mining spots and a spot at a distance of 100 m away in Anka, Zamfara State.

S/n Sampling Latitude Longitude E (mR.h-1)
Location Minning Spot 100m away
Code

1 Al 8028°21.112° N 8033’11.728°E 0.29 0.054

2 A2 8028°21.113’N 8033’11.729”E 0.17 0.097

3 A3 8028 21.115”°N 8033’11.725’E 0.31 0.13

4 A4 8028°21.117°N 8033’11.726’E 0.24 0.094
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5 A5 8028°21.119°N 8033°11.721”E 0.38 0.068
6 A6 8029°121’N 8031°301’E 0.56 0.15
7 A7 8029°123’N 8031°302’E 0.45 0.065
8 A8 8029°125’N 8031°305’E 0.89 0.09
9 A9 8029°129’N 8031°309’E 0.76 0.17
10 A10 8029°127°N 8031°307E 0.45 0.21
11 All 8031°470’N 8031°332’E 0.56 0.051
12 Al2 8031°471’N 8031°333’E 0.8 0.12
13 Al3 8031°473’N 8031°335’E 0.34 0.19
14 Al4 8031°475’N 8031°337’E 0.11 0.3
15 Al5 8031°478’N 8031°339’E 0.56 0.04
Mean 0.458 0.054

Table 2: Background radiation level in an active mining spot and a spot at a distance of 100 m away in Bagega,
Zamfara State.

S/n Sampling Latitude Longitude E (mR.h-1)
Location Mining Spot 100m Away
Code

1 B1 7028°21.112° N 7033°11.728’E 0.24 0.21

2 B2 7028°21.113°’N 7033°11.729”°E 0.37 0.07

3 B3 7028’ 21.115°N 7033°11.725E 0.30 0.12

4 B4 7028°21.117°N 7033°11.726’E 0.24 0.023

5 B5 7028°21.119°N 7033’11.721°E 0.68 0.12

6 B6 7029°121’N 7031°201’E 0.15 0.20
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7 B7 7029°123’N 7031°202°E 0.65 0.11
8 B8 7029°125°N 7031°205°E 0.09 0.29
9 B9 7029°129°N 7031°209°E 0.17 0.10
10 B10 7029°127°N 7031°207’E 0.21 0.30
11 B11 7031°470°N 7031°232°E 0.51 0.081
12 B12 7031°471°’N 7031°233°E 0.17 0.42
13 B13 7031°473°N 7031°235°E 0.19 0.60
14 B14 7031°475°N 7031°237°E 0.33 0.30
15 B15 7031°478°N 7031°239°E 0.14 0.13

Mean 0.296 0.204

Table 3: Background radiation level in an active mining spot and a spot at a distance of 100 m away in Abare,
Zamfara State.

S/n Sampling Latitude Longitude E (mR.hY)
Location Mining Spot | 100 m Away
Code

1 Gl 6028°21.112” N 6033°11.728’E 0.99 0.14

2 G2 6028°21.113°’N 6033°11.729”E 0.57 0.047

3 G3 6028’ 21.115”’N 6033°11.725”E 0.35 0.2

4 G4 6028°21.117°N 6033°11.726”E 0.14 0.042

5 G5 6028°21.119°’N 6033°11.721"E 0.48 0.18

6 G6 6029°121’N 6031°101°E 0.5 0.2

7 G7 6029°123’N 6031°102°E 0.95 0.051

8 G8 6029°125°N 6031°105°E 0.69 0.29
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9 G9 6029°129°N 6031°109”E 0.7 0.21

10 G10 6029°127°N 6031°107’E 0.21 0.41

11 Gl1 6031°470’N 6031°132’E 0.36 0.051
12 G12 6031°471°N 6031°133”’E 0.57 0.32

13 G13 6031°473’N 6031°135’E 0.39 0.4

14 Gl4 6031°475’N 6031°137”E 0.31 0.2

15 G15 6031°478°N 6031°139”’E 0.77 0.14

Mean 0.532 0.192066667

Table 4: Calculated values of Absorb Dose Rate, Annual Effective Dose Equivalent, and Excess Life Time Cancer

Risk in both the mining spots and the corresponding spots at a distance of 100m away from the mining spot in Anka,

Zamfara State.

S/n Sampling Minning Spot 100m Away

Location ADR AEDE ELCR ADR AEDE ELCR

Code (nGy.h-1) (MSv.y-1) (nGy.h-1) (MSv.y-1)
1 Al 2523 3.094 10.829 469.8 0.576 2.016
2 A2 1479 1.813 6.348 843.9 1.034 3.622
3 A3 2697 3.307 11.576 1131 1.387 4.854
4 A4 2088 2.560 8.962 817.8 1.002 3.510
5 A5 3306 4.054 14.190 591.6 0.725 2.539
6 I\ 4872 5.975 20.912 1305 1.600 5.601
7 A7 3915 4.801 16.804 565.5 0.693 2.427
8 A8 7743 9.496 33.236 783 0.960 3.360
9 A9 6612 8.108 28.381 1479 1.813 6.348
10 A10 3915 4.801 16.804 1827 2.240 7.842
1 All 4872 5.975 20.912 443.7 0.544 1.904
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12 Al12 6960 8.535 29.875 1044 1.280 4.481
13 Al3 2958 3.627 12.696 1653 2.027 7.095
14 Al4 957 1.173 4.107 2610 3.200 11.203
15 Al5 4872 5.975 20.912 348 0.426 1.493
Mean 3984.6 4.886 17.103 469.8 0.576 2.016

Table 6: Calculated values of Absorb Dose Rate, Annual Effective Dose Equivalent, and Excess Life Time Cancer
Risk in both the mining spots and the corresponding spots at a distance of 100m away from the mining spot in
Abare, Zamfara State.

S/n Sampling Mining Spot 100m Away

Location ADR AEDE ELCR ADR AEDE ELCR

Code (nGy.h'h (mSv.y'h (nGy.h'h (mSv.yh)
1 Gl 8613 10.562 36.970 1218 1.493 5.228
2 G2 4959 6.081 21.286 408.9 0.501 1.755
3 G3 3045 3.734 13.070 1740 2.133 7.468
4 G4 1218 1.493 5.228 365.4 0.448 1.568
5 G5 4176 5.121 17.925 1566 1.920 6.721
6 G6 4350 5.334 18.672 1740 2.133 7.468
7 G7 8265 10.136 35.476 443.7 0.544 1.904
8 G8 6003 7.362 25.767 2523 3.094 10.829
9 G9 6090 7.468 26.140 1827 2.240 7.842
10 G10 1827 2.240 7.842 3567 4.374 15.310
11 G11 3132 3.841 13.443 443.7 0.544 1.904
12 G12 4959 6.081 21.286 2784 3.414 11.951
13 G13 3393 4.161 14.564 3480 4.267 14.937
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14 Gl4 2697 3.307 11.576
15 G15 6699 8.215 28.754
Mean 4628.4 5.676 19.866

4 Conclusions

This study has demonstrated elevated levels of background
ionizing radiation in 45 mining sites across the Anka Local
Government Area of Zamfara State, Nigeria. The results
show significantly high values of absorbed dose rate,
annual effective dose equivalent, and excess lifetime cancer
risk both at the mining spots and within 100 meters from
the sites. These radiation levels exceed the permissible dose
limits set by the Nigerian Nuclear Regulatory Authority
(2.0 mSvl/yr) and the ICRP (1.0 mSv/yr) for the general
public. The elevated radiological parameters suggest
environmental contamination and an increased potential for
adverse health effects over prolonged exposure, especially
for residents and miners in the area. Although no immediate
health impact is evident, the cumulative exposure over time
poses serious health threats, including a heightened risk of
cancer development. Consequently, urgent regulatory
attention, public health monitoring, and remediation
measures are recommended. There is a critical need to
enforce radiation safety protocols, establish exclusion zones
around high-dose areas, and sensitize local communities
about radiation risks associated with artisanal mining
activities.
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