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Abstract 

Radon is a naturally occurring radioactive gas and a major contributor to natural radiation 
exposure, with prolonged inhalation associated with an increased risk of lung cancer. This study 
evaluated indoor radon concentrations and associated radiological risks in selected buildings at 
South-Eastern Kenya University (SEKU), Kenya. Indoor radon concentrations were measured 
in six selected multi-storey buildings using a calibrated RAD7 electronic radon detector under 
standardized operating conditions. Measurements were conducted on the lowest floor of each 
building over 24 hours at each sampling location. Radiological risk parameters, including 
equilibrium equivalent concentration (EEC), annual effective dose (AED), excess lifetime 
cancer risk (ELCR), and lung cancer cases per million persons per year (LCC), were estimated 
using internationally established models and conversion factors. Indoor radon concentrations 
ranged from 8.18 ± 0.26 to 17.21 ± 0.77 Bq m⁻³, with a mean of 12.84 ± 0.55 Bq m⁻³, well 
below the reference levels recommended by the World Health Organization and the 
International Commission on Radiological Protection. The corresponding mean EEC, AED, 
ELCR, and LCC were 5.14 ± 0.22 Bq m⁻³, 0.3239 ± 0.0140 mSv y⁻¹, (1.25 ± 0.05) × 10⁻³, and 
5.83 ± 0.25 cases per million persons per year, respectively. These values indicate a low 
estimated radiological risk for the monitored buildings. Because the measurements were limited 
to 24-hour active monitoring at six buildings, the findings are interpreted as a short-term 
baseline assessment rather than an estimate of annual average indoor radon exposure. Periodic 
and seasonal monitoring is recommended to better characterize long-term exposure variability. 
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I. INTRODUCTION 

adon (²²²Rn) is a naturally occurring radioactive gas and 
an important environmental health concern because 

prolonged exposure to elevated concentrations increases the 
risk of lung cancer. 222Rn is produced primarily through the 
radioactive decay of uranium and radium present in soils and 

rocks and can migrate from the subsurface into buildings 
through foundation cracks, gaps around service pipes, porous 
construction materials, and other entry pathways [1–2]. 
Although 222Rn may also occur in groundwater, soil gas is 
generally regarded as the principal source of indoor 222Rn, 
while certain building materials can also contribute to indoor 
concentrations [2]. Once inhaled, radon progeny, including 
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isotopes of polonium, lead, and bismuth, can deposit in the 
respiratory tract and emit alpha particles that damage lung 
tissue and increase the risk of lung cancer [3]. The 
carcinogenic risk associated with radon exposure is commonly 
evaluated within the linear no-threshold framework, while 
smoking can substantially amplify the risk of radon-induced 
lung cancer [4–5]. Consequently, assessment of indoor radon 
is an important component of environmental health and 
radiation protection. 

Indoor radon concentrations are not static but vary spatially 
and temporally according to geological, meteorological, and 
building-related factors. The underlying geology determines 
the availability and generation of radon, while soil 
permeability, porosity, moisture content, fractures, and 
pressure gradients influence its migration toward buildings 
[6–7]. Building characteristics, including foundation 
construction, floor type, building materials, ventilation, and 
the integrity of structural joints, subsequently affect the rate at 
which radon enters and accumulates indoors [1–2]. Recent 
investigations in China and Latvia have demonstrated 
substantial geographical variation in indoor radon 
concentrations and associated public radiation doses [8–9]. 
Similarly, temporal studies have shown that indoor radon 
concentrations can fluctuate with seasonal conditions and 
other environmental and behavioural factors [10]. Research 
examining the combined influence of geology, housing 
characteristics, and season has further demonstrated that 
indoor radon levels result from interactions between 
environmental and building-related factors [11]. These 
variations emphasize the importance of site-specific 
assessment and, where possible, repeated or continuous 
monitoring rather than reliance on single measurements. 

Consequently, appropriate measurement approaches have 
received increasing attention in recent indoor-radon research. 
Short-term measurements can provide useful screening 
information, whereas continuous monitoring can provide 
greater insight into temporal and diurnal changes in indoor 
radon concentrations [10], [12]. Continuous monitoring is 
particularly valuable for improving the characterization of 
indoor radon behaviour and exposure [12]. Comprehensive 
assessments have also emphasized the need to evaluate health 
risks associated with prolonged exposure and to implement 
appropriate remediation strategies where concentrations are 
elevated [13–14]. Measures such as improving ventilation and 
reducing pathways through which radon enters buildings can 
contribute to reducing indoor concentrations [1], [13]. These 
developments in indoor-radon research demonstrate the 
importance of combining reliable measurement techniques 
with radiological risk assessment when evaluating potential 
exposure in occupied buildings. 

Recent investigations across Africa have demonstrated that 
indoor radon exposure remains an important environmental 
radiation issue, with concentrations varying considerably 
according to local geology, building characteristics, and 
environmental conditions. Studies conducted in Nigeria have 

reported that structural and environmental parameters 
significantly influence indoor radon accumulation [15–16]. 
Investigations in Ghana have examined the spatial distribution 
of indoor radon, mapped radon levels in the Greater Accra 
Region, assessed the effects of interior decorative materials, 
and applied statistical approaches to characterize radon 
variability [17–19]. In South Africa, indoor radon 
concentrations have been investigated in dwellings located 
around mining areas, with studies highlighting the 
contribution of geological and mining-related factors to indoor 
radon exposure [20]. Studies in Cameroon have similarly 
reported indoor radon and thoron concentrations and 
associated annual effective doses in regions characterized by 
naturally radioactive geological conditions [21–22], while 
investigations in Tanzania have also demonstrated the 
influence of geological and environmental settings on radon 
exposure in areas associated with mineralized formations [23], 
[24]. Collectively, these studies indicate that indoor radon 
concentrations across Africa are strongly influenced by local 
geological conditions, building construction and ventilation 
characteristics, and, in some settings, surrounding mining and 
other land-use activities. 

In Kenya, systematic information on indoor radon remains 
comparatively limited. Previous investigations have 
demonstrated spatial variation in indoor radon concentrations 
and identified meteorological and environmental factors that 
can influence indoor radon levels [25–26]. Reference [25] 
particularly reported the influence of meteorological 
parameters on indoor radon concentrations in selected Kenyan 
dwellings, while [26] reviewed available radon and thoron 
studies in Kenya and highlighted the need for further research. 
Evidence from these African settings, including Ghana [17–
19], South Africa [20], Cameroon [21–22], and Tanzania [23–
24], further demonstrates the importance of geological and 
environmental variability in determining indoor radon 
exposure. In addition, [27] reported measurable natural 
radioactivity and associated radiological hazards in 
construction stones obtained from quarries in Machakos 
County, Kenya, demonstrating the relevance of both 
geological conditions and construction materials when 
evaluating natural radiation exposure in the Kenyan built 
environment. 

SEKU, located in Kitui County in southeastern Kenya, 
provides an important setting for investigating indoor radon. 
The university lies within the Mozambique Mobile Belt, a 
geological terrain dominated by high-grade metamorphic 
rocks and associated geological structures that may influence 
the distribution and migration of naturally occurring 
radionuclides [28–29]. Such geological characteristics are 
therefore relevant to the potential generation and transport of 
radon from the subsurface into buildings. Despite the 
established health significance of indoor radon and increasing 
international attention to its spatial and temporal variability, 
localized information on radon exposure in Kenyan public 
institutions, particularly universities, remains scarce [26]. The 
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present study therefore evaluates indoor radon concentrations 
in selected SEKU buildings using a calibrated RAD7 
electronic radon detector under standardized measurement 
conditions. The study further estimates associated radiological 
risk parameters, including equilibrium equivalent 
concentration (EEC), annual effective dose (AED), excess 
lifetime cancer risk (ELCR), and lung cancer cases per million 
persons per year (LCC). The findings provide a baseline 
assessment of indoor radon exposure in selected SEKU 
buildings and contribute to the limited evidence on indoor 
radon in southeastern Kenya. Given the short-term nature of 
the measurements, the findings are interpreted as a baseline 
assessment rather than an estimate of annual average 
exposure, thereby providing a basis for future long-term and 
seasonal monitoring.  

II. MATERIALS AND METHODS 

A. Geology of the Study Area 

The study was conducted at South-Eastern Kenya 
University (SEKU) in Kitui County, south-eastern Kenya, 
approximately 170 km from Nairobi along the Kitui–

Machakos road near Kwa Vonza Market. Geographically, the 
study area lies between latitudes S1°18′10.51381″ and 
S1°21′47.0800″ and longitudes E37°45′4.21992″ and 
E37°47′23.8758″. Geologically, the area falls within the 
Neoproterozoic Mozambique Mobile Belt of southeastern 
Kenya, a Precambrian basement terrain dominated by high-
grade metamorphic rocks intruded by granitic and pegmatitic 
bodies [28]. These lithologies are important in natural 
radioactivity studies because they may contain uranium-, 
thorium-, and potassium-bearing minerals. The area is further 
characterized by faults, folds, and shear zones associated with 
the Mozambique Orogeny, which may enhance radon 
migration through structural discontinuities [28–29]. To the 
west of SEKU, the Yatta Plateau is underlain by Tertiary 
phonolitic lava flows [30–31], which may also influence radon 
release through mineralogical variability and weathering [32–
33]. Together with semi-arid climatic conditions, shallow 
weathering profiles, and relatively permeable soils, these 
geological conditions may contribute to spatial variability in 
radon occurrence and terrestrial radioactivity. Fig. 1 shows the 
study area and sampling points. 

 
Fig. 1. Map of the study area with sampling points 

B. Indoor Radon Measurements 

Indoor radon measurements were conducted from 19 to 24 
May 2025 in six selected buildings, as shown in Table I. The 
selected buildings encompassed the principal functional 

categories and predominant construction characteristics of the 
university. The six buildings, comprising three lecture 
buildings, two residential buildings, and one administrative 
building, were selected to represent indoor environments with 
the potential for substantial radon exposure. 
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Building selection was based on high occupancy, 
accessibility for uninterrupted 24-h monitoring, proximity to 
ground level where radon ingress from the underlying soil is 
expected to be greatest, representativeness of the predominant 
building construction on campus, and minimal disturbance 
during the measurement period. The selected buildings, 
constructed between 5 and 20 years ago, are typical of the 
university’s infrastructure, with similar reinforced-concrete 
structural frames, masonry walls, and concrete floor slabs. The 
selected buildings were naturally ventilated, and a 
standardized pre-measurement and monitoring protocol was 
applied. 

Doors and windows were kept closed for 12 h before and 
throughout the measurement period, except during normal 
entry and exit. This was adopted as a standardized screening 
condition to minimize short-term ventilation-related variation 
and improve comparability among buildings; it should not be 
interpreted as representing normal long-term ventilation or 
occupancy conditions. Radon measurements were performed 
on the ground floor of each building because indoor radon 
concentrations are generally expected to be higher at the 
lowest occupied level owing to direct infiltration of soil gas 
through building foundations. 

Although only six buildings were investigated, the selected 
sites encompassed the principal functional categories, 
predominant construction characteristics, typical ventilation 
practices, and a representative range of building ages across 
the university, thereby providing a preliminary baseline 
assessment of indoor radon concentrations. Future 
investigations involving a larger number of buildings and 
repeated measurements across different seasons are 
recommended to evaluate the long-term spatial and temporal 
variability of indoor radon concentrations. 

In the selected buildings, the RAD7 detector was placed at 
a height of 1.0 m above the floor, at least 0.5 m from walls and 
1.5 m from doors, windows, ventilation openings, and heat 
sources, to minimize the influence of localized air movement. 
The detector was operated in Sniff Mode, which provides 
rapid detection of indoor radon by monitoring the short-lived 
decay product 218Po. Each building was monitored 
continuously for 24 h using the RAD7 in Sniff Mode, with 
measurements recorded at 30-min intervals, resulting in 48 
consecutive measurement cycles per location. Each reported 
concentration represents an average of 48 consecutive 30-min 
measurements. 

After each measurement, the detector was purged with fresh 
ambient air for 15 min before deployment at the next location 
to remove residual radon from the measurement chamber. 
Throughout the monitoring period, the instrument 
continuously recorded radon concentration, temperature, 
relative humidity, and counting statistics. Measurements 
affected by excessive humidity or unstable operating 
conditions were repeated as part of the quality assurance and 
quality control procedures. The recorded concentrations were 

converted from pCi L⁻¹ to Bq m⁻³ using the standard 
conversion factor of 1 pCi L⁻¹ = 37 Bq m⁻³. 

C. Quality Assurance and Quality Control 

Quality assurance and quality control procedures were 
implemented throughout the measurement period to ensure the 
reliability of the indoor radon measurements. The RAD7 
electronic radon detector (Model RAD7-717, Serial No. 
06234, Durridge Company Inc., USA) was calibrated on 30 
August 2023 at the Durridge Radon Calibration Laboratory 
(Billerica, MA, USA; NRSB Accredited Radon Chamber 
Certificate No. NRSB TRC0003). The detector's calibration 
was established against primary reference units (Serial Nos. 
504, 961, 1277, and 4232), providing traceability to absolute 
standards within an estimated uncertainty of ±5%. 

According to the manufacturer's calibration certificate, the 
calibration uncertainty based on counting statistics was ±2% 
(2σ), with demonstrated instrument sensitivities of 0.0146 
cpm/Bq m⁻³ [0.541 cpm/pCi L⁻¹] in Normal Mode and 
0.00703 cpm/Bq m⁻³ [0.260 cpm/pCi L⁻¹] in Sniff Mode. A 
valid calibration certificate accompanied the instrument 
throughout the study. 

Before deployment, the detector was inspected and 
prepared in accordance with standard operating procedures. 
The instrument was connected to a desiccant unit to maintain 
internal relative humidity below 10%, thereby minimizing 
moisture effects on the electrostatic collection of radon 
progeny and ensuring stable detector performance. 
Operational and background checks were performed before 
each monitoring session to verify correct instrument 
operation. 

Independent duplicate measurements and post-campaign 
intercomparison measurements were not performed; 
therefore, field-based estimates of reproducibility and detector 
drift could not be directly established. Instrument reliability 
was instead supported by strict adherence to the calibration 
schedule, pre-deployment operational checks, continuous 
humidity control, and ongoing monitoring of counting 
statistics. 

D. Study Limitations 

The present investigation employed 24-h active radon 
measurements, which are appropriate for baseline screening 
and comparison among buildings but do not necessarily 
represent annual average indoor radon concentrations. This is 
because radon levels vary seasonally with meteorological 
conditions, soil moisture, atmospheric pressure, and 
ventilation practices. Long-term measurements extending 
over several months are more appropriate for estimating 
annual exposure. Nevertheless, the standardized protocol 
adopted in this investigation provides reliable comparative 
information on indoor radon concentrations across the 
investigated buildings and establishes an important baseline 
dataset for southeastern Kenya. 
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Future studies should incorporate seasonal monitoring 
using passive detectors or other appropriate long-term 
measurement approaches and include a larger number of 
buildings to improve long-term exposure assessment and 
characterization of spatial and temporal variability. 

E. Radiological Parameters 

1) Equilibrium Equivalent Concentration (EEC) 
The equilibrium equivalent concentration (EEC) of radon 

progeny was estimated from the measured indoor radon 
concentration using an equilibrium factor of 0.4 for indoor 
environments [1], [3], according to (1). 
𝐸𝐸𝐶 =  𝐶ோ௡  × 𝐹    (1) 
where 𝐶ୖ୬ is the measured indoor radon concentration (Bq 
m⁻³) and 𝐹is the indoor equilibrium factor, taken as 0.4 for 
indoor environments [1], [3]. The uncertainty was propagated 
using (2). 
𝑢(𝐸𝐸𝐶) = 𝐹 × 𝑢(𝐶ோ௡)    (2) 
where 𝑢(EEC) is the uncertainty in the equilibrium equivalent 
concentration, 𝐹 is the equilibrium factor equal to 0.4, 𝐶ୖ୬ is 
the measured indoor radon concentration, and 𝑢(𝐶ୖ୬) is the 
corresponding uncertainty in indoor radon concentration. 
2) Annual Effective Dose (AED) 

The annual effective dose (AED) due to indoor radon 
inhalation was calculated using (3) [2–3], [34]. 
𝐴𝐸𝐷 (𝑚𝑆𝑣 𝑦ିଵ) =  𝐶ோ௡  × 𝐹 × 𝑄 × 𝐷  (3) 
where AED is the annual effective dose from indoor radon 
exposure (mSv y⁻¹), 𝐶ୖ୬ is the measured indoor radon 
concentration (Bq m⁻³), 𝐹 is the equilibrium factor for indoor 
radon (0.4), 𝑄 is the indoor occupancy time (7008 h y⁻¹), and 
𝐷 is the dose conversion factor of 9 × 10ି଺mSv h⁻¹ per Bq 
m⁻³. 

The uncertainty was propagated using (4). 

𝑢(𝐴𝐸𝐷) =  
஺ா஽

஼ೃ೙
 𝑢(𝐶ோ௡)    (4) 

where 𝑢(AED) is the uncertainty in annual effective dose, 
𝑢(𝐶ୖ୬) is the uncertainty in indoor radon concentration, AED 
is the annual effective dose, and 𝐶ୖ୬ is the measured indoor 
radon concentration. 
3) Excess Lifetime Cancer Risk (ELCR) 

ELCR provides an estimate of the excess lifetime 
probability of cancer associated with the modelled radiation 
dose. It was estimated using (5) [35]. 
𝐸𝐿𝐶𝑅 = 𝐴𝐸𝐷 × 𝐷𝐿 × 𝑅𝐹   (5) 
where ELCR is the excess lifetime cancer risk, AED is the 
annual effective dose from indoor radon exposure (mSv y⁻¹), 
DL is the assumed lifetime exposure duration (70 years), and 
RF is the detriment-adjusted nominal cancer risk coefficient. 
To maintain unit consistency when AED is expressed in mSv 
y⁻¹, the ICRP Publication 103 coefficient of 5.5 × 10⁻² Sv⁻¹ is 
converted to 5.5 × 10⁻⁵ mSv⁻¹. Thus, ELCR = AED × 70 × 5.5 
× 10⁻⁵ [4]. The uncertainty was propagated using  (6). 

𝑢(𝐸𝐿𝐶𝑅) =  
ா௅஼ோ

஼ೃ೙
𝑢(𝐶ோ௡)    (6) 

Here, 𝑢(ELCR) is the uncertainty in excess lifetime cancer 
risk; ELCR is the calculated excess lifetime cancer risk, 𝐶ୖ୬ 

is the measured indoor radon concentration, and 𝑢(𝐶ୖ୬) is the 
corresponding uncertainty in indoor radon concentration. 
4) Lung Cancer Cases per Million Persons per Year (LCC) 

Following the terminology and assumptions of [35], a lung-
cancer induction risk factor of 18 × 10⁻⁶ mSv⁻¹ was adopted. 
This coefficient is used here as a model parameter for 
estimating the expected annual number of radon-associated 
lung-cancer cases under the assumptions of the cited study. It 
should not be interpreted as a directly observed incidence 
probability for an individual. 

The LCC values were calculated from the annual effective 
dose (AED) using (7a), while the resulting values were 
converted to cases per million persons per year by multiplying 
by 106, as in (7b). 
𝐿𝐶𝐶 = 𝐴𝐸𝐷 × 18 ×  10ି଺          (𝑎)

𝐿𝐶𝐶 = 𝐴𝐸𝐷 × 18                          (𝑏)
ൠ  (7) 

This parameter represents a model-based annual 
population-rate estimate under the assumed exposure 
conditions and should not be interpreted as an observed 
incidence rate or a lifetime number of lung-cancer cases. The 
uncertainty in LCC was propagated using (8). 

𝑢(𝐿𝐶𝐶) =  
௅஼஼

஼ೃ೙
𝑢(𝐶ோ௡)    (8) 

where 𝑢(LCC) is the uncertainty in lung cancer cases per 
million persons per year; LCC is the calculated lung cancer 
cases per million persons per year, 𝐶ୖ୬ is the measured indoor 
radon concentration, and 𝑢(𝐶ୖ୬) is the corresponding 
uncertainty in indoor radon concentration. 

III. RESULTS AND DISCUSSION 

A. Indoor Radon Concentrations 

Table I summarizes the measured indoor radon 
concentrations and corresponding radiological risk 
parameters. The measured indoor radon concentrations ranged 
from 8.18 ± 0.26 to 17.21 ± 0.77 Bq m⁻³, with a mean value of 
12.84 ± 0.55 Bq m⁻³. All measured concentrations were below 
the WHO-recommended reference level of 100 Bq m⁻³ [1] and 
the ICRP reference level of 300 Bq m⁻³ [4]. 

The relatively low indoor radon concentrations measured 
across the investigated buildings may be associated with the 
geological characteristics of the study area together with the 
prevailing building and ventilation conditions. SEKU is 
situated within the Precambrian Mozambique Belt, a high-
grade metamorphic terrane composed predominantly of 
gneisses, schists, migmatites, and quartzites [28]. These 
geological materials may contain uranium-bearing minerals 
capable of producing 222Rn through the radioactive decay of 
^238U. Such geological characteristics are relevant to the 
potential generation and migration of radon. 

The migration of radon from the subsurface is influenced 
by factors such as rock weathering, fracture density, soil 
permeability, and moisture content, which affect the transport 
of radon from its source towards the ground surface [6–7]. 
Consequently, local geological conditions and building 
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characteristics may contribute to the observed differences in 
indoor radon concentrations. However, because soil radon 
potential, soil permeability, and ventilation rates were not 

directly measured, their individual contributions cannot be 
quantitatively established from the present dataset. 

Table I: Monitoring dates, mean indoor radon concentrations, and derived radiological risk parameters expressed as mean ± 
measurement uncertainty. 
Site code Monitoring 

Date 
𝐶ோ௡ 
(Bq m⁻³) 

EEC 
(Bq m⁻³) 

AED 
(mSv y⁻¹) 

ELCR (×10⁻³) LCC  
(cases per 10⁶ persons y⁻¹) 

SC 19/05/2025 17.21 ± 0.77 6.88 ± 0.31 0.4342 ± 0.0194 1.67 ± 0.07 7.82 ± 0.35 
SN 20/05/2025 08.18 ± 0.26 3.27 ± 0.11 0.2064 ± 0.0066 0.79 ± 0.03 3.71 ± 0.12 
SR 21/05/2025 15.12 ± 0.66 6.05 ± 0.26 0.3815 ± 0.0167 1.47 ± 0.06 6.87 ± 0.30 
ST 22/05/2025 12.94 ± 0.54 5.17 ± 0.22 0.3265 ± 0.0136 1.26 ± 0.05 5.88 ± 0.25 
STH 23/05/2025 08.61 ± 0.43 3.44 ± 0.17 0.2172 ± 0.0108 0.84 ± 0.04 3.91 ± 0.20 
SVH 24/05/2025 14.97 ± 0.66 5.99 ± 0.26 0.3778 ± 0.0167 1.45 ± 0.06 6.80 ± 0.30 
Minimum 08.18 ± 0.26 3.27 ± 0.11 0.2064 ± 0.0066 0.79 ± 0.03 3.71 ± 0.12 
Maximum 17.21 ± 0.77 6.88 ± 0.31 0.4342 ± 0.0194 1.67 ± 0.07 7.82 ± 0.35 
Average 12.84 ± 0.55 5.14 ± 0.22 0.3239 ± 0.0140 1.25 ± 0.05 5.83 ± 0.25 
Note: The ± values represent propagated measurement uncertainties associated with the measured indoor radon concentrations. 

The spatial variation in indoor radon concentration is shown 
in Fig. 2. Buildings located on relatively permeable soils 
generally experience greater radon entry because 
interconnected pore spaces facilitate soil-gas transport, 
whereas compact or fine-grained soils tend to restrict gas 
migration [7]. Soil moisture can also influence radon 
transport: moderate moisture may enhance radon emanation 
into pore spaces, whereas excessive moisture can reduce soil-

gas permeability and limit radon migration towards building 
foundations [3]. In addition, well-ventilated buildings can 
dilute indoor radon more effectively than poorly ventilated 
structures, resulting in lower indoor radon concentrations [36]. 

These combined effects may explain the differences 
observed among the investigated buildings. Nevertheless, the 
present measurements do not permit the individual 
contributions of these factors to be quantified.  

 
Fig. 2. Horizontal bar chart illustrating the spatial variation of indoor radon concentrations across the investigated buildings 

with corresponding uncertainties.

B. Statistical Description of Indoor Radon Concentrations 

The descriptive statistics of the building-level mean indoor 
radon concentrations and the derived radiological parameters 
are presented in Table II. The mean indoor radon 
concentration was 12.84 ± 3.70 Bq m⁻³, with a median of 
13.96 Bq m⁻³, a minimum of 8.18 Bq m⁻³, and a maximum of 

17.21 Bq m⁻³. The coefficient of variation was 28.82%, while 
the 95% confidence interval for the mean was 8.96–16.72 Bq 
m⁻³. 

The derived parameters exhibited similar variability. The 
EEC had a mean of 5.13 ± 1.48 Bq m⁻³, with a median of 5.58 
Bq m⁻³ and a coefficient of variation of 28.85%. The AED had 
a mean of 0.3239 ± 0.0933 mSv y⁻¹, with a 95% confidence 
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interval of 0.2259–0.4219 mSv y⁻¹. The mean ELCR was 
1.247 ± 0.359 × 10⁻³, while the mean LCC was 5.830 ± 1.680 

cases × 10⁶ persons⁻¹ y⁻¹. The corresponding coefficients of 
variation were approximately 28.82%.

 

Table II: Descriptive statistics of building-level mean indoor radon concentrations and derived radiological parameters. 
Parameter Mean ± SD Median MIN – MAX CV (%) 95% CI 
CRn (Bq m⁻³) 12.84 ± 3.70 13.96 8.18 – 17.21 28.82 8.96 – 16.72 
EEC (Bq m⁻³) 5.13 ± 1.48 5.58 3.27 – 6.88 28.85 3.58 – 6.69 
AED (mSv y⁻¹) 0.3239 ± 0.0933 0.3521 0.2064 – 0.4342 28.82 0.2259 – 0.4219 
ELCR (×10⁻³) 1.247 ± 0.359 1.355 0.795 – 1.672 28.82 0.870 – 1.624 
LCC (cases ×10⁶ persons⁻¹ y⁻¹) 5.830 ± 1.680 6.337 3.715 – 7.815 28.82 4.067 – 7.593 

The building-level mean radon concentrations showed 
measurable variability across the six monitored buildings. The 
coefficient of variation indicates a moderate level of 
variability, while the mean and median values suggest that the 
observations were not strongly influenced by extremely high 
or low values. The observed differences may be related to 
variations in ventilation, building characteristics, occupancy 
patterns, and local radon-entry conditions. The confidence 
intervals provide an indication of the uncertainty associated 
with the estimated mean values. These estimates should be 
interpreted as applying to the selected buildings rather than to 
the entire university. Because the radiological risk parameters 
were calculated directly from the measured radon 
concentrations, they followed a similar pattern of variability. 

Inferential statistical comparisons among the buildings 
were not performed because only one 24-hour monitoring 
campaign was conducted per building, resulting in six 
independent building-level observations. Although each 
building generated 48 consecutive 30-minute measurements, 

treating these repeated measurements as independent 
observations would constitute pseudoreplication and could 
artificially inflate the effective sample size. Therefore, the 
analysis was restricted to descriptive statistics and building-
level uncertainty estimates. This approach provides a 
conservative interpretation of the observed between-building 
variability and avoids overstating the statistical significance of 
differences among the monitored buildings. 

C. Comparison with Previous Studies 

Table III compares the indoor radon concentrations 
obtained in the present study with values reported from similar 
investigations conducted in Kenya and other countries. Such 
comparisons provide a basis for evaluating the relative 
magnitude of the measured concentrations and the 
geographical variability of indoor radon associated with 
differences in geological setting, soil characteristics, building 
construction materials, ventilation conditions, and climatic 
factors. 

Table III: Comparison of mean indoor radon concentrations reported in the present study with previous investigations conducted in 
Kenya and other countries. 
Region Study area Mean indoor radon 

(Bq m⁻³) 
Comparison with the present study Reference 

Kenya Traditional 
dwellings 

170.3 ± 39.6 Much higher than the present study, mainly due to 
poorly ventilated traditional huts and meteorological 
influences. 

[25] 

Kenya Review of Kenyan 
radon studies 

30-300 (depending on 
location) 

Confirms substantial spatial variability of indoor 
radon in Kenya; the present study is below the 
reported range. 

[26] 

Tanzania Manyoni Uranium 
Deposit 

166 ± 12 Higher than the present study. [37] 

Tanzania Residential houses Most houses >100 Bq m⁻³, 
especially near uranium 
deposits 

Higher than the present study. [24] 

Nigeria Dwellings 39 ± 7 Considerably higher than the present study. [38] 
World 
average 

Indoor 
environments 

40 Approximately three times higher than the present 
study. 

[39] 

The mean indoor radon concentration obtained in the 
present study was lower than the 170.3 ± 39.6 Bq m⁻³ reported 
for traditional dwellings in Kenya [25]. The present value was 
below the 30–300 Bq m⁻³ range reported in a review of 
Kenyan radon studies [26], indicating substantial spatial 
variability in indoor radon concentrations across Kenya. 

In Tanzania, a mean concentration of 166 ± 12 Bq m⁻³ was 
reported for the Manyoni uranium-deposit area [37], while 

another study reported that most residential houses had 
concentrations above 100 Bq m⁻³, particularly in areas close 
to uranium deposits [24]. Both reported values are higher than 
the mean concentration obtained in the present study. 

The mean concentration reported for Nigerian dwellings 
was 39 ± 7 Bq m⁻³ [38], while the reported global average 
indoor radon concentration was approximately 40 Bq m⁻³ [39]. 
Both values are higher than the mean concentration measured 
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in the present study. 
The differences among the reported studies may reflect 

variations in geological setting, uranium content of underlying 
rocks, soil permeability, building construction materials, 
ventilation characteristics, and climatic conditions. However, 
differences in measurement periods and study designs should 
also be considered when comparing reported indoor radon 
concentrations. 

D. Radiological Analysis 

1) Equilibrium Equivalent Concentration (EEC) 
The equilibrium equivalent concentration (EEC) of radon 

progeny reflects the physical balance between radon gas and 
its short-lived decay products, which emit the alpha radiation 

responsible for damaging lung tissue. The EEC ranged from 
3.27 ± 0.11 to 6.88 ± 0.31 Bq m⁻³, with an average of 5.14 ± 
0.22 Bq m⁻³ (Table I). The EEC values were low, consistent 
with the low measured indoor radon concentrations and the 
adopted equilibrium factor of 0.4. 
2) Annual Effective Dose 

As shown in Fig. 3, the annual effective dose (AED) 
attributable to indoor radon ranged from 0.2064 ± 0.0066 to 
0.4342 ± 0.0194 mSv y⁻¹, with a mean of 0.3239 ± 0.0140 mSv 
y⁻¹. The dose pattern across the investigated buildings was 
consistent with the measured indoor radon concentrations, 
indicating correspondingly low modelled radiological 
exposure under the adopted exposure assumptions. 

 
Fig. 3. Annual effective dose (mSv y⁻¹) calculated for each investigated building with corresponding measurement 

uncertainties. 

3) Excess Lifetime Cancer Risk 
The excess lifetime cancer risk (ELCR) attributable to 

indoor radon exposure ranged from (0.79 ± 0.03) × 10⁻³ to 
(1.67 ± 0.07) × 10⁻³, with a mean of (1.25 ± 0.05) × 10⁻³. The 
calculation incorporated the ICRP Publication 103 cancer-risk 
coefficient of 5.5 × 10⁻² Sv⁻¹, together with the appropriate 
conversion between millisieverts and sieverts. 

The variation in ELCR among the sampling sites followed 
the pattern of the measured indoor radon concentrations and 
the corresponding annual effective doses. The estimated 
values represent model-based lifetime excess cancer 
probabilities under the assumed exposure conditions and 
should not be interpreted as directly observed cancer 
incidence. 

4) Lung Cancer Cases per Million Persons per Year 
The estimated lung cancer cases per million persons per 

year (LCC) attributable to indoor radon exposure ranged from 
3.71 ± 0.12 to 7.82 ± 0.35 cases per 10⁶ persons y⁻¹, with a 
mean of 5.83 ± 0.25 cases per 10⁶ persons y⁻¹. The variation 
in LCC followed the pattern of the annual effective dose and, 
consequently, the measured indoor radon concentration. 

Because this indicator is calculated from the annual 
effective dose, it should not be described as a lifetime lung 
cancer case count. Rather, the results represent model-based 
annual population rates under the assumed exposure 
conditions. 
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5) Overall Radiological Interpretation 
Under the standardized short-term measurement conditions 

used in this study, the monitored buildings exhibited low 
indoor radon concentrations and correspondingly low 
modelled radiological-risk indicators. Nevertheless, because 
the measurements represent a single short-term monitoring 
campaign, they should be interpreted within the context of the 
study design and should not be taken as a definitive 
representation of long-term exposure. 

The results indicate that continued periodic monitoring of 
indoor radon concentrations and the maintenance of adequate 
building ventilation remain important preventive measures. 
These measures are particularly relevant where changes in 
land use, building characteristics, or geological conditions 
could alter indoor radon accumulation. The potential health 
significance of radon exposure is also influenced by 
cumulative exposure and cigarette smoking. 

IV. CONCLUSION 

This study evaluated indoor radon concentrations and 
associated radiological risk parameters in six selected 
buildings at SEKU. The measured indoor radon 
concentrations ranged from 8.18 ± 0.26 to 17.21 ± 0.77 Bq 
m⁻³, with an overall mean of 12.84 ± 0.55 Bq m⁻³. All 
measured concentrations were below the World Health 
Organization (WHO) reference level of 100 Bq m⁻³ and the 
International Commission on Radiological Protection (ICRP) 
reference level of 300 Bq m⁻³. The estimated annual effective 
dose, excess lifetime cancer risk, and lung cancer cases per 
million persons per year were likewise low under the adopted 
exposure assumptions. Overall, the findings indicate that the 
monitored indoor environments exhibited low radon 
concentrations and correspondingly low modelled 
radiological-risk indicators under the standardized 
measurement conditions and exposure assumptions used in 
this study. 

The observed variation in radon concentrations among the 
monitored buildings indicates that differences in local 
geological conditions, building characteristics, and ventilation 
may contribute to variations in indoor radon levels. However, 
these factors were not measured independently, and their 
individual contributions could therefore not be quantitatively 
established. The results provide a useful baseline assessment 
of indoor radon levels at SEKU but should not be considered 
representative of all university buildings because the study 
was limited to six selected buildings, each monitored for a 
single 24-hour period. Future studies involving a larger 
number of buildings, longer monitoring durations, and 
repeated measurements across different seasons are 
recommended to better characterize the spatial and temporal 
variability of indoor radon across the university. In the 
interim, maintaining adequate ventilation, inspecting and 
sealing potential radon entry pathways such as foundation 
cracks and service penetrations, and conducting periodic 
indoor radon monitoring would provide practical measures for 

maintaining low indoor radon levels and supporting radiation 
protection at SEKU.  

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the laboratory 
technicians of Karatina University and South-Eastern Kenya 
University for their technical assistance throughout the 
research. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

References 

[1] World Health Organization, WHO Handbook on 
Indoor Radon: A Public Health Perspective. Geneva, 
Switzerland: World Health Organization, 2009. 

[2] United Nations Scientific Committee on the Effects 
of Atomic Radiation, Sources, Effects and Risks of 
Ionizing Radiation: UNSCEAR 1993 Report to the 
General Assembly, with Scientific Annexes. New 
York, NY, USA: United Nations, 1993.  

[3] United Nations Scientific Committee on the Effects 
of Atomic Radiation, Sources and Effects of Ionizing 
Radiation: UNSCEAR 2008 Report to the General 
Assembly, with Scientific Annexes, vol. II. New York, 
NY, USA: United Nations, 2011.  

[4] International Commission on Radiological 
Protection, “The 2007 Recommendations of the 
International Commission on Radiological 
Protection,” ICRP Publication 103, Ann. ICRP, vol. 
37, no. 2–4, pp. 1–332, 2007, doi: 
10.1016/j.icrp.2007.10.003.  

[5] International Agency for Research on Cancer, IARC 
Monographs on the Evaluation of Carcinogenic 
Risks to Humans, vol. 100D: Radiation. Lyon, 
France: IARC, 2012.  

[6] W. W. Nazaroff, “Radon transport from soil to air,” 
Rev. Geophys., vol. 30, no. 2, pp. 137–160, 1992, doi: 
10.1029/92RG00055.  

[7] W. W. Nazaroff, B. A. Moed, and R. G. Sextro, “Soil 
as a source of indoor radon: Generation, migration, 
and entry,” in Radon and Its Decay Products in 
Indoor Air, W. W. Nazaroff and A. V. Nero, Jr., Eds. 
New York, NY, USA: Wiley, 1988, pp. 57–112.  

[8] L. Dong et al., “Indoor radon concentration and 
public dose evaluation in Ningxia Hui Autonomous 
Region, China,” Radiat. Prot. Dosimetry, vol. 201, 
no. 15, pp. 1052–1058, 2025, doi: 
10.1093/rpd/ncaf088.  

[9] J. Reste et al., “Assessment of indoor radon gas 
concentration in Latvian households,” Atmosphere, 
vol. 15, no. 5, Art. no. 611, 2024, doi: 
10.3390/atmos15050611.  

[10] S. L. M. F. Kamgang, M. M. Monti, and A. Salame-
Alfie, “Temporal variation in indoor radon 
concentrations using environmental public health 



PHYSICSAccess Kangai et al. 

VOLUME 06, ISSUE 02, 2026 163 ©DOP_KASU Publishing 

   
 

tracking data,” Health Phys., vol. 124, no. 4, pp. 342–
347, 2023, doi: 10.1097/HP.0000000000001671.  

[11] E. Kim, Evaluating the Confluent Impact of Geology, 
Housing Characteristics, and Season on Indoor 
Radon in Atlanta Metropolitan Area, The United 
States, Ph.D. dissertation, Georgia State University, 
Atlanta, GA, USA, 2022, doi: 10.57709/30438151. 

[12] P. S. Juliana, P. T. B. S. Branco, M. C. M. Alvim-
Ferraz, F. G. Martins, and S. I. V. Sousa, “Radon in 
indoor air: Towards continuous monitoring,” 
Sustainability, vol. 14, no. 3, Art. no. 1529, 2022, 
doi: 10.3390/su14031529.  

[13] F. Yousefian et al., “Indoor radon and its health risk 
assessment in Iran: A comprehensive review study,” 
Indoor Air, vol. 2024, Art. no. 2300116, 2024, doi: 
10.1155/2024/2300116.  

[14] P. Otansev and N. Bingöldağ, “Indoor radon 
concentration and excess lifetime cancer risk,” 
Radiat. Prot. Dosimetry, vol. 198, no. 1–2, pp. 53–
61, 2022, doi: 10.1093/rpd/ncab191.  

[15] Y. M. Auwal, O. C. Meludu, and T. Pascal, “Health 
risk assessment of indoor radon exposure in some 
residential dwellings across North-East, Nigeria,” 
Dutse J. Pure Appl. Sci., vol. 11, no. 2a, pp. 211–225, 
2025, doi: 10.4314/dujopas.v11i2a.18.  

[16] M. A. Yusuf, O. C. Meludu, P. Timtere, S. Hussaini, 
and A. H. Hamza, “Impact of structural and 
environmental parameters on indoor radon gas levels 
from locations in Gombe, Adamawa and Yobe 
States, Nigeria,” Niger. J. Phys., vol. 34, no. 1, pp. 
59–75, 2025, doi: 10.62292/njp.v34i1.2025.349.  

[17] F. Loffredo, I. Opoku-Ntim, D. Kitson-Mills, and M. 
Quarto, “Gini method application: Indoor radon 
survey in Kpong, Ghana,” Atmosphere, vol. 13, no. 
8, Art. no. 1179, 2022, doi: 10.3390/atmos13081179.  

[18] E. O. Akuo-ko, M. Adelikhah, E. Amponsem, A. 
Csordás, and T. Kovács, “Investigations of indoor 
radon levels and its mapping in the Greater Accra 
region, Ghana,” J. Radioanal. Nucl. Chem., vol. 333, 
no. 6, pp. 2975–2986, 2024, doi: 10.1007/s10967-
023-09165-z.  

[19] C. Y. Ansre, M. K. Miyittah, A. B. Andam, and D. E. 
Dodor, “Risk assessment of radon in the South Dayi 
District of the Volta Region, Ghana,” J. Radiat. Res. 
Appl. Sci., vol. 11, no. 1, pp. 10–17, 2018, doi: 
10.1016/j.jrras.2017.10.002.  

[20] P. M. Moshupya, S. C. Mohuba, T. A. Abiye, and I. 
Korir, “Evaluation of indoor radon activity 
concentrations and controls in dwellings surrounding 
the gold mine tailings in Gauteng Province of South 
Africa,” Int. J. Environ. Res. Public Health, vol. 20, 
no. 21, Art. no. 7010, 2023, doi: 
10.3390/ijerph20217010.  

[21] A. Bingana et al., “Assessment of radiological risks 
due to indoor radon, thoron and progeny, and soil gas 
radon in thorium-bearing areas of the Centre and 
South Regions of Cameroon,” Atmosphere, vol. 14, 

no. 12, Art. no. 1708, 2023, doi: 
10.3390/atmos14121708.  

[22] B. A. Mbembe et al., “Indoor radon (²²²Rn) 
measurements and estimation of annual effective 
dose in Mvangan Locality, South Cameroon,” 
Radiat. Prot. Dosimetry, vol. 198, no. 20, pp. 1565–
1574, 2022, doi: 10.1093/rpd/ncac204. 

[23] M. Rweyemamu, P. Pantaleo, and P. Shirima, 
“Preliminary assessment of indoor radon 
concentration and the associated health risk to the 
dwellers surrounding Minjingu phosphate mine,” 
Phys. Sci. Int. J., vol. 29, no. 4, pp. 18–27, 2025, doi: 
10.9734/psij/2025/v29i4886.  

[24] N. K. Mohammed and E. Focus, “Indoor radon 
concentration levels and annual effective doses for 
residence of houses near uranium deposit in Bahi 
District, Dodoma, Tanzania,” Tanzania J. Sci., vol. 
44, no. 1, pp. 159–168, 2018, doi: 10.65085/2507-
7961.1779.  

[25] M. W. Chege, I. V. S. Rathore, S. C. Chhabra, and A. 
O. Mustapha, “The influence of meteorological 
parameters on indoor radon in selected traditional 
Kenyan dwellings,” J. Radiol. Prot., vol. 29, no. 1, 
pp. 95–103, 2009, doi: 10.1088/0952-4746/29/1/007.  

[26] M. Chege and C. Nyambura, “Review of radon and 
thoron research in Kenya: 1997–2017,” Radiat. Prot. 
Dosimetry, vol. 184, no. 3–4, pp. 479–481, 2019, doi: 
10.1093/rpd/ncz065.  

[27] J. O. Mutua, J. M. Linturi, O. M. Maweu, J. M. 
Kebwaro, and S. M. Matsitsi, “Natural radioactivity 
and radiological hazard analysis of construction 
stones from various quarries in Machakos County-
Kenya,” Radiat. Prot. Dosimetry, vol. 199, no. 17, 
pp. 2076–2082, 2023, doi: 10.1093/rpd/ncad211.  

[28] C. M. Nyamai, E. M. Mathu, N. Opiyo-Akech, and 
E. Wallbrecher, “A reappraisal of the geology, 
geochemistry, structures and tectonics of the 
Mozambique Belt in Kenya, east of the Rift system,” 
African J. Sci. Technol., vol. 4, no. 2, pp. 51–71, 
2003, doi: 10.4314/ajst.v4i2.15306.  

[29] L. K. Githenya, P. C. Kariuki, and A. K. Waswa, 
“Application of remote sensing in mapping 
hydrothermal alteration zones and geological 
structures as areas of economic mineralization in 
Mwitika-Makongo Area, SE Kenya,” J. Environ. 
Earth Sci., vol. 9, no. 11, pp. 16–27, 2019, doi: 
10.7176/JEES/9-11-03. 

[30] L. K. Githenya and B. Limo, “Integration of Remote 
Sensing and Geophysical Investigation in Geological 
Mapping of the Yatta/Kwa Vonza Phonolite Lavas,” 
International Journal of Geoscience and Remote 
Sensing, vol. 5, no. 1, pp. 12–24, Jan. 2023. 

[31] R. G. Dodson, Geology of the Southeast Machakos 
Area, Report No. 25, Geological Survey of Kenya, 
Nairobi, 1953. 

[32] J. C. Santamarta, N. Cruz-Pérez, and R. Merino-
Espinosa, “Radon in Groundwater of Volcanic 
Aquifers: The Influence of Differentiated Salic and 



PHYSICSAccess Kangai et al. 

VOLUME 06, ISSUE 02, 2026 164 ©DOP_KASU Publishing 

   
 

Phonolitic Formations,” Water, vol. 7, no. 6, pp. 
2575–2591, 2015. 

[33] G. K. Gillmore, P. S. Phillips, and A. Denman, “The 
effects of weathering on radon generation and release 
from rocks,” Journal of Environmental 
Radioactivity, vol. 84, no. 1, pp. 107–123, 2005. 

[34] International Commission on Radiological 
Protection, “Radiological Protection against Radon 
Exposure,” ICRP Publication 126, Ann. ICRP, vol. 
43, no. 3, pp. 5–73, 2014, doi: 
10.1177/0146645314542212.  

[35] M. Adelikhah, A. Shahrokhi, M. Imani, S. 
Chalupnik, and T. Kovács, “Radiological assessment 
of indoor radon and thoron concentrations and indoor 
radon map of dwellings in Mashhad, Iran,” Int. J. 
Environ. Res. Public Health, vol. 18, no. 1, Art. no. 
141, 2021, doi: 10.3390/ijerph18010141.  

[36] M. Cucu and D. Dupleac, “The impact of ventilation 
rate on radon concentration inside high-rise 
apartment buildings,” Radiat. Prot. Dosimetry, vol. 
198, no. 5, pp. 290–298, 2022, doi: 
10.1093/rpd/ncac047.  

[37] G. W. Mlay and I. N. Makundi, “Assessment of 
indoor radon-222 concentrations in the vicinity of 
Manyoni uranium deposit, Singida,” Tanzania J. 
Sci., vol. 44, no. 1, pp. 191–206, 2018, doi: 
10.65085/2507-7961.1782.  

[38] O. S. Ajayi and O. E. Olubi, “Investigation of indoor 
radon levels in some dwellings of southwestern 
Nigeria,” Environ. Forensics, vol. 17, no. 4, pp. 275–
281, 2016, doi: 10.1080/15275922.2016.1230909.  

[39] United Nations Scientific Committee on the Effects 
of Atomic Radiation, Sources and Effects of Ionizing 
Radiation: UNSCEAR 2000 Report to the General 
Assembly, with Scientific Annexes, vol. I. New York, 
NY, USA: United Nations, 2000. 


