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ABSTRACT
The radioactive gas radon (Rn) is considered an indoor air pollutant due to its detrimental effects
on human health. In fact, exposure to Rn is among the most important causes of lung cancer after
tobacco smoke. The study aims to measure indoor radon concentration and evaluate the excess
lifetime cancer risk from its exposure. The indoor radon concentrations were measured using
electronic semiconductor detector (RAD7). The indoor radon activity concentration varies from
76.0 Bqm-3 to 217.4 Bqm-3 with a mean value of 149.3 Bqm-3. The result for Annual effective
dose (Eaed) calculated from the measured indoor radon was 3.79 mSv/y, which are clearly above
the permissible limit of 100 Bqm-3 and 1.15 mSv/y set by (WHO) and (UNSCEAR, 2000). The
potential health risk was determined by computing Excess Lifetime Cancer Risk (ELCR) and lung
cancer cases per year per million person (LCC). The map for the distribution and exposure rate
due to indoor Radon for the study area was also plotted using Golden surfer 12 software. The
average values for (ELCR) and (LCC) are respectively, 1.4×10-2 and 70.07 per millions, which is
lower than the limit range of 170–230 per million persons recommended by ICRP. These
measurements provide valuable insights for evaluating public radiation exposure and establishing
robust radiological safety protocols.
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INTRODUCTION
Radon is an imperceptible, naturally occurring
radioactive gas emitting alpha radiation. It
arises from the decay of 226Ra, a long-lived
radionuclide with a 1600-year half-life, within
the 238U radioactive decay series. 222Rn decays
emit 5.49 MeV alpha particles, producing a
series of radionuclides, primarily 214Po and
218Po, which contribute more than 90% of the
total radiation dose associated with radon
exposure [1]. The primary source of indoor
radon is uranium, which is found in drinking
water, building materials, and the rocks and
soil beneath homes. Long-term exposure to
high indoor radon concentrations can have
pathological consequences and functional

respiratory alterations, raises the possibility of
getting lung cancer [2]. Smoking is the sole
factor surpassing radon as a leading cause of
lung cancer. An estimated 10% of all lung
cancer fatalities have been linked to prolonged
inhalation of radon gas in enclosed spaces or
open air [3]. Radon is generated by 238U decay
in soil and bedrock. 238U distribution varies
across geological formations, areas with high
concentrations, such as granitic bedrock, tend
to have elevated radon levels. Bedrock and
soil with greater porosity and permeability
allow 222Rn to escape more quickly into
groundwater and the atmosphere, Radon gas
poses a substantial health risk when it
accumulates indoors, particularly in homes
and workplaces [4]. Granite quarries emit
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radioactive substances that contaminate the
surrounding environment, affecting air, water,
vegetation, and wildlife, and polluting soil and
food crops [5].
Radon is the largest contributor to human
radiation exposure, responsible for more than
half of the global average annual dose.
Regulatory actions and mitigation strategies
are essential to address radon risks,
necessitating comprehensive knowledge of
radon levels and geographic distribution [6].
Countries worldwide have implemented
Radon mapping techniques to identify areas of
elevated exposure risk. The maps serve as
essential tools for radon risk assessment and
mitigation in housing development [7].
Several studies have revealed different
techniques for identifying radon risks areas
such as measurement of indoor radon
concentration, radon concentration in soil gas
and airborne surveys of gamma-ray [8].
Interpreting soil-gas radon data is challenging
due to significant daily and seasonal
fluctuations near the surface and localized
variations over short distances [9]. Therefore,
Researchers have developed sophisticated
multivariate models, including regression
kriging and machine learning algorithms, to
predict radon levels. These models rely on
indoor radon measurements as a key response
variable [10]. Radon potential mapping has
been conducted by indoor radon concentration
measurements in many countries such as
Ireland [11] and Belgium [12] . Integration of
indoor radon measurements with geological

units enhances predictive modeling and spatial
precision [13].
Ventilation rates and temperature variations
are the key factors influencing indoor radon
level fluctuations. Measuring indoor radon is
vital, as it contributes significantly to the total
natural radiation exposure, exceeding 50% of
the overall dose [14]. Extensive research has
been published recently on radon
measurements worldwide and epidemiological
investigations exploring the link between
indoor radon exposure and lung cancer risk
[15] and [16]. Existing literature indicates that
no research has been conducted to assess the
health risks from indoor radon exposure
stemming from the granite quarry of the study
area. The study intends to assess indoor radon
concentrations and evaluate the excess lifetime
cancer risk resulting from prolonged exposure.

MATERIAL ANDMETHODS
Study Area
The study area is located in the quarry site of
Shira, Bauchi North, Nigeria as shown in
figure 1, bounded by coordinates 11°30’15’’N
10°1’2’’E, covering a land area of 1,321 km2

and a population density of 234,014. The
region experiences a biphasic climate,
comprising distinct dry and rainy seasons,
with temperatures fluctuating between 23°C
and 38°C. The underlying geology of Shira
district consists of two main formations: the
Tertiary Kerri-Kerri and granite ( migmatite)
geological units [17].
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Figure 1: Map of the study area.

Indoor Radon Measurements
Indoor radon concentrations of ten residential
houses near the Shira granite quarry area
were determined using electronic
semiconductor detector (RAD7), a specialized
instrument developed for measurements of
radon in any kind of air; indoor air, outdoor air,
soil air and water. The advantage of RAD7
and the usage of a semiconductor detector is
the energy resolution feature, if we consider
the energies of

218
Po,

214
Po their separation is

1.68 MeV and the detector’s energy resolution
is about 100 keV. The decays from the two
isotopes can clearly be separated. The RAD7
spectrum shows radon daughters, but not
radon itself. And also, the technique has a
tremendous advantage in sniffing or grab-
sampling, very few instruments other than
RAD7 are able to do the task [3].
To ensure accurate readings, the RAD-7 was
connected to a calcium sulfate (CaSO4)

desiccant and purged before each
measurement, eliminating moisture and
residual radon. The mean value for the indoor
radon was obtained from 20 min cycle.
Measurements were taken within a controlled
temperature range (15-30 °C) and corrected
for background radiation. The RAD-7 device
ensured an absolute accuracy of ±5% [18].
RAD-7 Principle of Work
RAD7 is an instrument that converts alpha
radiation from the decay of 222Rn to electric
signal. The RAD7 amplifies, filters and sorts
the signal according to their strength. It’s
insensitive to beta and gamma radiation, so
there will be no interference from beta-
emitting gases or from gamma radiation fields.
The radon concentration inside the RAD7 can
be determined by the below differential
equation.

Shira

North
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C (t): represents activity concentration
of radon in the detector chamber, and λ its
corresponding decay constant. Also ���(�) and
��� denote the concentration and decay
constant of polonium-218 respectively.
When air is pumping into RAD7, there will be
a time when the radon concentration in the
surrounding ��, will be equal to that of RAD7.
Therefore equation 3.2, becomes,

d���(t) dt = ����� − ������(t) 1.3

by solving equation 3.3, and applying
initial condition,

���(t) = �0 1.4

Activity concentration of Radon can be
obtained from equation 3.4, which illustrates
the theoretical operation of RAD7.

RESULTS AND DISCUSSION
Indoor Radon Concentration
The Indoor radon concentration of ten
different location of Quarry area of Shira,
Bauchi State Nigeria are presented in the
Table 1. The data presents statistical summary
values for radon concentration, including
minimum, maximum, mean, and standard
error. The activity concentration of the Indoor
radon varies from 76.0 ± 4.16 Bq/m3 to 217.4
± 5.07 Bq/m3 with a mean value of 149.29 ±
4.59 Bq/m3. Significant variability is observed
in the measured data across different locations
shown in the Fig. 1. The mean radon
concentration is higher than the WHO
recommended limits of 100 Bq/m3. The
highest radon activity concentration is

observed at the sampling location H8, that
sample location is situated nearer to the quarry
operations than all the other sampling
locations. The higher value of indoor radon of
this study which could be attributed to the
quarry activities in the area. 222Rn activity
concentrations exhibit spatial variability due to
differences in soil type, geology, topography
and local meteorological conditions.
The study conducted in the Saudi Arabia, the
findings suggest that relative humidity
positively influences radon concentration, as
increased moisture in the air reduces radon
diffusion and traps it indoors [18]. In another
study, the higher indoor radon can be
attributed to Uranium and thorium content in
the underlying earth, along with radon
diffusion through soil and rock openings [19].
The concentrations of indoor radon and thoron
are directly linked to the activity of 226Ra and
232Th in building materials, and indirectly
influenced by soil composition and local
geophysical characteristics which facilitates
radon entry into dwellings [20]. Compared to
previous studies, the mean activity indoor
radon of the present study is higher than [21]
and [22] reported, yet is comparably lower
obtained in the previous by [23] and is in close
agreement with findings of another study by
[24].
Annual effective dose and Evaluation of
cancer risk
The Radiological parameters such as annual
effective dose (AED) , Excess Lifetime
Cancer Risk (ELCR) and lung cancer cases
per year per million person (LCC) through
Indoor radon exposure were computated using
equations 1.5, 1.6 and 1.7 respectively.

AED (mSv/y) = �Rn ×F×T×O×DCF 1.5

In the equation 1.5 , �Rn represents Indoor
radon concentration (Bq/m3), F is the

equilibrium factor between radon and its
daughters (0.4), O stands for occupancy factor
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(0.8), T is the Number of hours in a year (8760
h/yr) and DCF is the dose conversion actor
(9× 10−6 mSv/hr per Bq/m3) [22]. The annual
effective dose (AED) varies from 1.92 mSv/y
to 5.13 mSv/y with a mean value of 3.76
mSv/y as tabulated on Table 1, Our findings

indicate an average annual effective dose that
is higher than the worldwide average of 1.15
mSv/y set by [25]. The results is in agreement
with that reported by [18] and [21].
The Excess Lifetime Cancer Risk is given by,

ELCR = AED ×DL×RF 1.6
Table 1: Indoor radon concentration, annual effective dose (AED), Excess Lifetime Cancer Risk

(ELCR) and lung cancer cases per year per million person (LCC)
Location code Indoor radon

concentration (Bq/m3)
Annual effective
dose AED (mSv/y)

Excess Lifetime
Cancer Risk
(ELCR)

lung cancer cases per
year per million
person (LCC)

HI 137.3 ± 4.12 3.46 1.3 × 10−2 62.28
H2 178.9 ± 5.23 4.51 1.7 × 10−2 81.18
H3 86.8 ± 4.06 2.19 8.4 × 10−3 39.42
H4 141.0 ± 3.91 3.55 1.4 × 10−2 63.90
H5 167.6 ± 5.45 4.22 1.6 × 10−2 75.96
H6 203.5 ± 6.43 5.13 1.9 × 10−2 115.74
H7 92.1 ± 3.79 2.32 8.9 × 10−3 41.76
H8 217.4 ± 5.07 5.48 2.1 × 10−2 98.64
H9 76.0 ± 4.16 1.92 7.4 × 10−3 34.56
H10 192.3 ± 3.72 4.85 1.8 × 10−2 87.30

average 149.29 ± 4.59 3.76 1.4 × 10−2 70.07

Figure 2: Variation Indoor radon concentration across different locations
AED stands fo th the annual effective dose,
DL is the average duration lifetime (70 years)
and RF is the cancer risk factor (RF =0.05 Sv-1)

[26]. The Excess Lifetime Cancer Risk
(ELCR) range from 1.3 × 10−2 to 8.9 × 10−3

with an average value of 1.4 × 10−2.
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Lung cancer cases per million people per year
are calculated, based on a risk factor of 18

× 10−6 cases per million people per
millisievert of radiation exposure [27].

LCC = DL × 18 × 10−6 1.7

lung cancer cases per year per million person
(LCC) through Indoor radon exposure was
computated to varies from 34.56 per million to
115.74 per million with a mean value 70.07
per million. The average (ELCR) and (LCC)
were 1.4×10-2 and 70.07 per million,
respectively, falling below the recommended
limit of 170-230 cases per million persons set
by the International Commission on
Radiological Protection (ICRP) [28].

Indoor radon Mapping
The spatial distribution of indoor radon
exposure rates is depicted in Figure 3,
resulting from the integration of measurement
data and geographic coordinates using Surfer
12 software for spatial analysis and mapping.
Surfer 12 software facilitated the mapping of
the study area and guided the selection of
sampling points according to geological
formation features. The contour maps depicted
locations that are likely prone to an increase
indoor radon exposure [29].

Figure 3: Contour map for Indoor radon of the study area.
The Barnet model [30] was applied to
categorize Indoor radon concentrations into
three distinct index categories: low, medium,
and high. Figure 3 illustrates the spatial
distribution of radon indices, categorizing
regions into low (less than 30 kBq/m³),
medium (30-100 kBq/m³), and high
(exceeding 100 kBq/m³) radon levels [31].

Based on the radon contour map plotted for
the study area, The highest radon activity
concentration is observed at the sampling
location H8, which is represents by dark red
on the countour map. Granite intracrustal
rocks forms the primary geological foundation
of the region. The the sampling location H9
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has the lowest radon activity concentration
which is represents by blue colour on the map.

CONCLUSION
The research aims to quantify indoor radon
exposure and estimate the resultant lifetime
cancer risk, enabling a comprehensive risk
assessment. Indoor radon activity
concentrations ranged from 76.0 ± 4.16 Bq/m³
to 217.4 ± 5.07 Bq/m³, with a mean
concentration of 149.29 ± 4.59 Bq/m³. Radon
concentrations exceed WHO guidelines, with
an average value higher than the
recommended 100 Bq/m³. The calculated
Effective Lung Cancer Risk (ELCR) and
Lung Cancer Cases (LCC) were 1.4×10-2 and
70.07 per million, respectively, well below the
ICRP's recommended threshold of 170-230
cases per million. The radiological assessment
reveals that quarrying in the study area does
not poses a significant health risk to the
community from the radiation exposure. A
visual representation of indoor Radon
distribution and exposure rates was generated
for the study area using Golden Surfer 12.
However, prolonged exposure to even
relatively low and moderate levels of radon
increases the risk of developing lung cancer.
The created radon map will facilitate proactive
planning and decision-making for radon
mitigation strategies. As enshrined in the
WHO guidelines, the nigerian government
should establish a national refrence level for
radon concentration to as serve as public
awareness about the health risk from its long-
term exposure.
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