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ABSTRACT

Radon-222 in groundwater poses significant health risks through ingestion and inhalation, being the second leading
cause of lung cancer deaths in the U.S., with 21,000 fatalities annually. This study evaluated radon-222 levels and
associated risks in groundwater near mining sites in Sierra Leone during the rainy season. Fifteen samples from each
site — Koidu, Yengema and Marampa, were analyzed using a calibrated DURRIDGE RAD-7 detector. Risks were
calculated for infants, children and adults, including annual effective doses, Excess lifetime cancer risks and Lung
Cancer Cases per million people per year. The results showed that Radon-222 concentrations in the groundwater
samples ranged from 5.07 to 41.63 Bq/l with an average value of 19.10 Bg/l. The total annual effective doses varied
from 65.53 to 590.49 (uSv/y), highest in infants. Excess lifetime cancer risks ranged from 0.0002 to 0.0021, with infants
at the greatest risk. Lung cancer incidence was approximately 0.0009 per million people per year. Importantly, all
samples remained below WHO and EU limits of 100 Bg/l, indicating compliance with international safety guidelines
and no immediate health risk. However, 87.5% of samples exceeded USEPA's more stringent maximum contaminant
level of 11.1 Bg/l. This discrepancy reflects differing regulatory philosophies : USEPA's precautionary approach versus
WHO/EU's risk-based thresholds. While the water meets international standards for safe consumption, the exceedance
of USEPA standards suggests potential long-term health concerns warranting continued monitoring, particularly for
vulnerable populations such as infants and children. Simple, low-cost mitigation measures such as aeration, storage
(allowing radon to decay/escape) and ventilation during water use are recommended where concentrations approach
upper limits.
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1 Introduction

Environmental radioactivity from both natural and human-made sources is an
unavoidable aspect of human exposure to ionizing radiation. Among natural radionuclides,
radon-222 (2Rn), a colorless, odorless, and tasteless radioactive noble gas produced from
the decay of uranium-238 and radium in geological formations, is a significant contributor
to natural background radiation exposure worldwide [1, 2, 3,4]. Itisthe most stable isotope
of radon, with a half-life of 3.8215 days [5]. Dueto its chemical inertness and high solubility
in water, it easily migrates through geological layers and can accumulate in groundwater,
posing health risks, such as lung cancer through both inhalation and ingestion pathways [6,
7.

The Intemational Agency for Research on Cancer (IARC) and the World Health
Organization (WHO) have classified radon as a Group 1 carcinogen, with extensive
epidemiological evidence linking prolonged radon exposure to increased lung cancer risk
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[8, 6, 9]. Radon is the primary cause of lung cancer among non-smokers and the second
leading cause among smokers [10, 11]. Among the 18.1 million new cases and 9.8 million
total cancer deaths worldwide, lung cancer accounts for approximately 1.8 million deaths
while stomach cancer causes around 783,000 deaths [6]. The primary health hazard from
radon arises from alpha particles emitted during decay of radon-222 isotopes, which, when
inhaled, deposits in the bronchi and alveoli, damaging lung tissues [12, 13]. Besides
inhalation of radon gas, ingestion of radon contaminated water significantly contributes to
internal radiation exposure and can increase indoor air contamination through degassing
during domestic water use [14].

Due to the hazards posed by radon-222 and its decay products, various
international organizations have established guideline values to safeguard public health.
WHO and the United State Environmental Protection Agency (USEPA) recommended
maximum contamination levels (MCL) of 10 and 11.1 Bg/L, respectively, for radon-222
in water, based on the Safe Drinking Water Act [15, 16]. The European Union has set an
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MCL of 100 Bg/l, with a higher upper limit of 1000 Bg/l indicating the need for remedial
measures [17]. Additionally, both WHO and European Committee report that the total
indicative dose (TID) from radioactive substances including radon-222, should not exceed
0.1 mSvly [15, 18]. Consequently, the Intemational Commission on Radiological
Protection (ICRP) (2012) recommends that all countries conduct radon surveys to identify
radon-prone areas, emphasizing the importance of measuring radon-222 levels in
groundwater to monitor public exposure to ionizing radiation [9].

Anthropogenic  activities such as mining significantly influence radon
mobilization and accumulation in groundwater by altering hydrogeological conditions,
increasing weathering of uranium-rich minerals, creating pathways for radon migration
and elevating radionuclide activities [19, 20]. Sierra Leone, notable for its mineral wealth
and active mining - both legal and illegal serves as a pertinent case study for assessing
radon-related health risks in affected communities.

Numerous studies globally have investigated natural radioactivity and radon-222
levels in water, evaluating potential radiation risks [10, 21-25]. In sub-Saharan Africa,
especially Sierra Leone, research on groundwater radon levels in mining regions like
Koidu, Yengemaand Marampa is crucial due to the health threats posed by radon exposure
through water consumption and inhalation [26]. Despite extensive mining and dependence
on groundwater for drinking, there is a notable lack of comprehensive data on radon-222
concentrations and related health risks in Sierra Leone’s mining communities. This gap
raises concems, particularly for vulnerable groups such as infants and children, who are
more susceptible to radiation.

This study aims to fill this critical knowledge gap by providing the first detailed
assessment of radon-222 levels and associated health risks in groundwater sources near
mining sites in Sierra Leone during the rainy season, when radon mobilization is
maximized. The findings will establish baseline data for evaluating radiation exposure
risks, highlight differences across age groups for targeted interventions, inform national
policies on radon in drinking water, and contribute to the limited knowledge of radon
occurrence in West African mining regions.

2 Methodology

2.1 Study area description

This study was conducted in three mining communities in Sierra Leone: Koidu
(Latitude: 8.64387, longitude: -10.9714) and Yengema (latitude: 8.71441, longitude: -

Journal of Applied Engineering Science & Technology Vol. 6 No. 1 (2026) 150

11.17057) in the Kono District (Eastem Province), and Marampa in the Port Loko District
(Northem Province) (Figure 1). These sites were selected due to their long history of
intensive mining activities, primarily for diamonds (Koidu and Yengema) and iron ore
(Marampa), and the potential for elevated radon levels in groundwater due to mining-
induced geological disturbances.

Koidu and Yengema are both situated within the Kono greenstone belt, which
comprises archean to proterozoic metamorphic rocks including schists, gneisses, and
amphibolites. The region is underlain by kimberlite intrusions, which are the primary host
rocks for diamonds. These kimberlite pipes are rich in uranium-bearing minerals such as
zircon, monazite, and apatite, which serve as primary sources of radon-222 through the
uranium-238 decay series. The geological structure is characterized by extensive fracturing
and faulting associated with kimberlite emplacement, creating preferential pathways for
radon migration from deep geological formations into shallow aquifers. Marampa area is
located within the Marampa Itabirite Formation, characterized by Precambrian banded
iron formations (BIF) interbedded with schists and phyllites. The iron ore deposits are
associated with hematite and magnetite mineralization. While iron ore itself is not a
significant source of uranium, the surrounding metasedimentary rocks, particularly black
shales and phosphatic units, contain elevated concentrations of uranium and thorium.
These rocks, when subjected to weathering and mining-induced fracturing, release radon
into the groundwater system.

Sierra Leone experiences a tropical climate with distinct wet and dry seasons:
Rainy Season (May to October) is characterized by intense precipitation events, high
relative humidity (>80%), and temperatures ranging from 24-28°C. The mean annual
rainfall ranges from 2,500 mm in Koidu/Yengema to 3,000 mm in Marampa. Dry Season
(Novemberto April) is characterized by reduced rainfall (<50 mm/month), lower humidity
(60-70%), and higher temperatures (28-32°C). Groundwater levels decline, potentially
concentrating dissolved radon.

2.2 Measurements of radon-222 in the groundwater samples

Measurements of radon-222 concentrations in all groundwater samples were
performed using a calibrated digital RAD-7 detector (Durridge Company, USA), a state-
of-the-art electronic radon detector that is appropriate for radon measurements in water [27,
14]. Figure 2 illustrates the experimental setup of the RAD-7 with RAD H20 accessories
designed for the measurements of 22Rn in water.

Sierra Leone
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230mi Visl with Water Sample 3nd  Chick Valve

Fig.2. Durridge RAD7 setup for the analysis of Radon-222 in the groundwater

2



M.A. Olopade et al.

During the rainy season (from June-September 2025), a total of 45 groundwater
samples — 15 from each of the three mining locations, were collected from randomly
selected, actively used hand-dug wells (W) and boreholes (B). To ensure measurement
precision and account for any potential short-term variability, three replicate measurements
were taken at each sampling point during different times of the day: moming (6:00 am -
11:00 am), afternoon (12:00 pm - 4:00 pm), and evening (5:00 pm - 7:00 pm), with specific
codes for each sampling point: KW1 to KW15 for Koidu, YW1 to YW!15 for Yengema,
and MW1 to MW15 for Marampa.

Groundwater radon concentrations are generally stable in the short term due to the
relatively constant rate of radon emanation from geological formations and the buffering
capacity of aquifers. However, minor temporal variations can occur due to factors such as
changes inatmaspheric pressure, groundwater pumping, and temperature fluctuations. Our
observations indicated that radon levels remained relatively consistent across the three
sampling times, with coefficients of variation typically below 10%, confirming the stability
of groundwater radon concentrations in the study area. The three measurements were
therefore treated as technical replicates to improve the precision and reliability of the mean
radon concentration for each sampling location, rather than to investigate diumal variations.

Water samples were collected directly into clean 250 ml bottles that were
previously rinsed with the water that was to be analyzed. Prior to measuring, the RAD-7
was connected to it accessories and purged with fresh dry air for 15 minutes in order to
remove any residual radon from the system, ensuring accurate readings. Then, using the
RAD-7's internal pump, the water sample was aerated in a closed loop to transfer the
dissolved radon into the measurement chamber and reading taken over a 30-minute
measurement cycle.

2.3 Annual effective dose due to Radon-222 ingestion (RAEDE ng)

The annual effective dose equivalent due to radon-222 ingestion (RAEDE;y) in
(1Sviy), was calculated using the equation from [3, 14, 20]:

RAEDE;, = Co x KX Cyx T )

where Cp, | represents the measured concentration of 2R, in water (Bo/L); K is
the age-specific dose conversion factor (Sv/Bg), with values of 7 x 10 Sv/Bq for infants
(0—2years), 2x 108 Sv/Bq for children (3— 12 years), and 1 x 10 Sv/Bq for adults (> 12
years); C,, denotes the age-specific daily water intake rate (L/day), which is 0.5 L/day for
infants, 1.5 L/day for children, and 2 L/day for adults; and T is the duration of water
consumption per year, set at 365 days/year.

These age-specific parameters are derived from ICRP guidelines and consider
variations in radio-sensitivity, metabolic rates, and water consumption pattems across
different age groups [28, 29]. Consequently, RAEDE, in uSv/y for infants, children and
adults are calculated using the following equations (1a), (1b), and (1c), respectively:

RAEDE,;(Infants) = 12.775 x Cy (1a)
RAEDE ,,,(Children) = 10.95 x Cp (1b)
RAEDE,,,,(Adults) = 7.3 x Cg, (L0
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2.4 Annual effective dose equivalent due to Radon-222 inhalation
(RAEDE;nn)

The annual effective dose equivalent due to radon-222 inhalation from degassing
during domestic water use was estimated using UNSCEAR methodology as given by
equation 2 [3]:

RAEDE,nh.(qu) = Cg, % Ry x Ep x Oy x DCF %)

where Ry represents the ratio of radon in air to radon in water, valued at 10% E denotes
the global average equilibrium factor for radon and its decay products, which is 0.4; Ogis
the worldwide average indoor occupancy factor of 7000 hy?; and DCF is the dose
conversion factor, set at 9 nSvh(Bgm?3)* for radon and its progeny.

2.5 Total annual effective dose equivalent (RAEDE1,:q1)

The total annual effective dose equivalent (RAEDEry) was calculated as the sum
of ingestion and inhalation doses [3]:

RAEDE;orq = RAEDE 5 + RAEDE 6)

2.6 Excess lifetime cancer risk assessment

Excess lifetime cancer risks (ELCR) represent the probability of developing
cancer overalifetime due to radon exposure and were calculated using ICRP methodology
[30,31]:

ELCR = RAEDEqpyq x LD x RF @
where LD is the mean life duration = 70 years, RF is the stochastic risk factor =0.05 Sv™.
2.7 Determination of lung cancer cases per million people per year

Lung cancer cases per million people per year (LCC) were determined using
equation 5 [32]:
LCC = RAEDE,,,, x 18 x 107 ©)]

where 18 x 106 isthe risk factor for inducing lung cancer (uSv)™.

3 Results and discussions

3.1 Measured radon — 222 concentrations in groundwater

Radon-222 concentrations in groundwater samples from the three mining
communities exhibited considerable variability, ranging from 7.12 to 41.63 Byl with an
average value of 20.71 Bg/l, 5.07 to 41.10 Bo/l with an average value of 18.32 Bgyl, and
7.21t0 40,02 B/l with an average value of 18.28 in the moming, aftemoon and evening,
respectively. The average daily concentration in this study, varied from 6.67 to 38.61 Bg/l
with an average value of 19.10 Bg/l. Table 1 presents the measured radon-222

45 - Max. (41.63 Bq/l)
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Fig.3. Measured Radon-222 concentrations during the moming, aftermoon and evening hours against the sample location.
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Table 1. Measured Radon-222 Concentrations, RAEDE;; and RAEDE;, ELCR for all age groups, and LCC across the sampling locations.

. ) Annual Effective Dose due to Ingestion and Inhalation in pSvfy L .

Location Radon-222 Concentration (Crn) in Bg/l Excess Lifetime Cancer Risk
Code RAEDE g RAEDEim RAEDETow LCC

Morning ~ Afternoon  Evening Mean Infants Children  Adults Infants  Children Adults Infants Children  Adults
KW1(W) 3583 312 3124 3276 41855 35876 23917 82.56 50112 44132 32174 00018 00015 00011 00015
KW2(W) 3392 323 3064 3229 41246 35354 23569 81.36 49382 43490 31706 00017 00015 00011 00015
KW3(W) 3507 3412 3221 3380 43180 37011 24674 85.18 51697 45529 33192 00018 00016 00012 00015
KW4(W) 374 3324 3131 3403 43473 37263 24842 85.76 52049 45838 33417 00018 00016 00012 00015
KW5(W) 3905 3818 3601 3775 48221 41333 27555 95.12 57734 50845 37067 00020 00018 00013 00017
KW6(W) 2273 1901 1623 1932 24686 21159  141.06 4869 29555 26029 18976 00010 00009  0.0007 0.0009
KW7(W) 2981 2701 2801 2828 36123 30963 20642 7126 43249 38089 27768 00015 00013 00010 00013
KW8(B) 3143 211 2434 259 33164 28426 18951 6542 39706 34968 25493 00014 00012 00009 00012
KW9(B) 3436 3304 3018 3253 41553 3617 23744 8197 49750 43813 31941 00017 00015 00011 00015
KW10(B) 2419 19.18 1611 1983 25329 21710 14473 4996 30325 26707 19470 00011 00009 00007 0.009
KW11(B) 4163 3818 3601 3861 49320 42274 28183 97.29 59049 52003 37912 00021 00018 00013 00018
KwW12(B) 3048 3418 3301 3256 41591 35650  237.66 8204 49795 43854 31971 00017 00015 00011 00015
KW13(B) 1921 16.12 1521 1685 21522 18447 12298 4245 25767 22692 16543 00009 00008 00006 0.0008
KWI14(B) 3343 1918 1901 2387 30498 26141 17428 60.16 36514 32157 23444 00013 00011 00008 00011
KW15(B) 3168 411 4002 3760 48034 41172 27448 94.75 57509 50647 36923 00020 00018 00013 00017
YW1(W) 16.11 1431 1311 1451 18537 15888 10592 3657 22193 19545 14249 00008 00007  0.0005 0.0007
YW2(W) 17.23 1641 1722 1695 21658 18564 12376 4272 25030 22836 16648 00009 00008 00006 0.0008
YW3(W) 2113 1913 2011 2012 25708 22035 14690 50.71 30779 27106 19761 00011 00009 00007 0.0009
YW4(W) 19.03 17.16 1723 1781 22748 19498 12999 44.87 27235 23986 17486 00010 00008 00006 0.0008
YW5(W) 2115 2101 1915 2044 26108 22378  149.19 5150 31258 27528 20069 00011 00010 00007 0.009
YW6(W) 1917 1912 1827 1885 24085 20644 13763 4751 28836 25395 18514 00010 00009 00006 0.0009
YW7(W) 2716 211 2113 2347 29979 25696 17131 59.14 35892 31610 23044 00013 00011 00008 00011
YWS8(B) 2017 20.01 1816 1945 24843 21294 14196 49,01 29744 26195 19097 00010 00009  0.0007 0.0009
YW9(B) 1424 1132 1413 1323 16901 14487 9658 3334 20235 17821 12992 00007 00006  0.0005 0.0006
YWI10(B) 2104 2014 1801 1973 25205 21604 14403 49.72 30177 26576 19375 00011 00009  0.0007 0.0009
YWI11(B) 12.07 1014 1101 1107 14146 12125 8084 2790 16937 14916 10874 00006 00005 00004 0.0005
YWI12(B) 1524 1214 1201 1313 16774 14377 9585 3309 20082 17686 12894 00007 00006  0.0005 0.0006
YWI13(B) 17.15 1324 1423 1487 19001 16286 10858 3748 22749 20034 14606 00008 00007 00005 0.0007
YW14(B) 16.13 1411 1316 1447 18481 15841 10561 3646 22127 19487 14206 00008 00007 00005 0.0007
YWI15(B) 2414 21 2163 2262 28901 24773 16515 5701 34602 30474 22216 00012 00011 00008 0.0010
MW1(W) 12.02 11.32 1017 1117 14270 12231 8154 2815 17085 15046 10969 00006 00005 00004 0.0005
MW2(W) 1313 1003 1103 1140 14559 12479 8320 2872 17431 15351 11192 00006 00005 00004 0.0005
MW3(W) 1032 825 1012 956 12217 10472 6981 2410 14627 12882 9391 00005 00005 00003 00004
MW4(W) 822 507 721 683 8730 74.83 49.83 1722 10452 9205 6710 00004 00003 00002 00003
MWS5(W) 1104 711 1204 1006 12856 11019 7346 2536 15392 13555 9882 00005 00005 00003 0.0005
MW6(W) 1431 931 1131 1164 14874 12749 8500 2034 17808 15684 11434 00006 00005 00004 0.0005
MW7(W) 1201 1001 901 1034 13214 11326 7551 2607 15820 13932 10157 00006 00005 00004 0.0005
MWB8(B) 1012 1118 844 991 12664 10855 7237 2493 15162 13353 9735 00005 00005 00003 0.0004
MW9(B) 1232 6.32 1025 963 12302 10545 7030 24217 14729 12972 9457 00005 00005 00003 0.0004
MWI10B) 1122 1026 1206 1118 14282 12242 8161 2817 17100 15059 10979 00006 00005 00004 0.0005
MWI11(B) 1013 717 907 879 11229 9.5 64.17 2215 13444 11840 8632 00005 00004 00003 0.0004
MWI12(B) 712 5.62 728 667 825 73.07 4872 16.82 10207 8989 6553 00004 00003 00002 00003
MW13(B) 152 1324 1219 1354 17302 14830 9887 3413 20715 18243 13300 00007 00006  0.0005 0.0006
MWI14(B) 1302 1008 1323 1211 15471 13260 8840 3052 18522 16312 11892 00006 00006 00004 0.0005
MWi15B) 1011 9.01 1103 1005 12839 11005 7337 2533 15371 13537 9869 00005 00005 00003 0.0005
Max. 4163 411 4002 3861 49320 42274 28183 97.29 59049 52003 37912 00021 00018 00013 00018
Min. 712 507 721 667 825 73.07 4872 16.82 10207 8989 6553 00004 00003 00002 00003
Average 2071 1832 1828 1910 24405 20918 13945 4814 29219 25732 18759 00010 00009 00007 0.0009

concentration levels in the sampled groundwater sources, annual effective dose equivalents
and excess lifetime cancer risks for all age groups and Lung Cancer Cases per Million per
people per year across all sampling locations. Figure 3 presents a plot of the measured
radon-222 concentrations in groundwater across the location during the sampling periods.

Comparison of the average concentrations of radon-222 in the groundwater
samples with intemational standards shows that 87.5% of groundwater samples exceeded

the USEPA recommended limit (11.1 Bg/L), while all samples (100%) remained below
the EUMVHO limit (100 Bg/L). This is illustrated in Figure 4 below. The divergence
between these standards reflects different regulatory philosophies: USEPA's lower
threshold (11.1 Boy/L) represents a more precautionary approach aimed at minimizing any
potential risk, while WHO and EU standards (100 Bg/L) are based on comprehensive risk
assessments balancing health protection with practical implementation considerations [15,
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17]. Compliance with WHO/EU guidelines indicates that the groundwater does not pose
an immediate health risk under intemationally accepted standards. However, the
exceedance of USEPA limits suggests that long-term exposure may warrant attention,
particularly for high-consumption populations and vulnerable groups such as infants and
children. This dual perspective emphasizes the importance of context-specific risk
assessment rather than absolute classification of water as 'safe’ or ‘unsafe'.

The spatial distribution of radon concentrations varied across the three mining
communities, with Koidu Kimberlite showing the highest overall average concentration
(29.73 Bg/L), followed by Yengema (17.38 Bg/L) and Marampa (10.19 Bg/L), as
presented in Table 2. Also, the maxima radon-222 concentrations across Koidu
Kimberlite, Yengema and Marampa mining communities are 38.61, 2347 and 1354
Ba/L, respectively. The minima radon-222 concentrations across Koidu Kimberlite,
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Yengema and Marampa mining communities are 16.85, 11.07 and 6.67 Bg/L,
respectively.

The elevated radon concentrations in Koidu can be attributed to the presence of
kimberlite intrusions, which are enriched in uranium-bearing accessory minerals (zircon,
apatite, monazite) that serve as primary radon sources through the uranium-238 decay
chain. Additionally, extensive diamond mining activities in Koidu have created numerous
fractures and excavations that enhance radon migration from deep geological formations
into shallow aquifers. The relatively lower concentrations in Marampa, despite active iron
ore mining, reflect the lower uranium content of banded iron formations compared to
kimberlite rocks. However, the presence of uranium-enriched black shales and phosphatic
units in the surrounding meta-sedimentary rocks still contributes to measurable radon
levels.
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Fig.4. A plot of the averaged daily Radon-222 Concentration of well and borehole water samples in Bg/l against Study location.

Table 2. Summary of Radon-222 concentrations in groundwater across the study locations.

Study Location Number of Samples  Max. Bg/l) Min.(Bgfl) Average(Bg/) SD  Median Range
Koidu 15 3861 16.85 29.73 704 3253 21.76
Yengema 15 2347 1107 17.38 370 1781 12.39
Marampa 15 1354 6.67 10.19 183 10.06 6.87
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3.2 Estimated annual effective dose equivalent (RAEDE)

The annual effective dose equivalents attributable to radon-222 ingestion
(RAEDEIng) from groundwater sources varies among age groups, with infants receiving
doses ranging from 85.25 to 493.20 pSvfy (mean: 244.05 pSvly), children from 73.07 to
42274 pSvly (mean: 209.18 pSvly), and adults from 48.72 to 281.83 (mean: 139.45
USvly). Additionally, the annual effective dose equivalents resulting from 222Rn
inhalation (RAEDEInh) spans from 16.82 to 97.29 uSv/y (mean: 48.14 pSvly) across all
sampled sources. Figures 5 and 6 illustrate the spatial distribution of these dose values in
relation to sampling locations. The combined total annual effective dose equivalents
(RAEDETOtal), accounting for both ingestion and inhalation pathways, ranges from
102.07 to 59049 pSvly for infants (mean: 292.19 uSvly), 89.89 to 520.03 uSviy for
children (mean: 257.32 puSviy), and 65.53 to 379.12 pSvly for adult (mean: 187.59 puSviy).
A comparison with the WHO’s recommended limit of 100 pSv/y, indicates that a
significant proportion of samples exceeded this threshold - 97.78% for infants, 95.56% for
children, and 82.22% for adults (Figure 7). All average dose values surpass this permissible
limit, highlighting considerable radiological health risks across all age groups.

3.3 Estimated excess lifetime cancer risk

The excess lifetime cancer risk (ELCR) for infants, children and adults was plotted
against the sampling locations in Figure 8 below. The estimated EL CR values ranged from

0.0004 t0 0.0021 piSviy with an average of 0.0010 pSwviy for infants. For children, the range
was from 0.0003 to 0.0018 pSv/y averaging 0.0009 pSv/y. For adults, the values ranged
from 0.0002 to 0.0013 pSviy with an average of 0.0007 pSviy. Notably, all these ELCR
exceeded the USEPA limit of 0.0001 [16], indicating a significant long-term risk of
developing cancer from exposure to the groundwater in these areas.

3.4 Lung cancer cases per million per people per year

LCC due to Radon-222 in the sampled groundwater ranged from 0.0003t0 0.0018
with an average of 0.0009 per million people per year. The maximum and minimum LCC
values were observed in KW11(B) and MWA4(W) respectively, as shown in Figure 9.

4 Conclusion

This study provides the first comprehensive assessment of radon-222
concentrations and associated radiological health risks in groundwater from mining
communities in Sierra Leone, using a calibrated Durridge RAD-7 electronic device. The
results of this study show that while all sampled groundwater sources complied with WHO
and EU standards (100 Bgy/L), indicating no immediate health risk, 87.5% of samples
exceeded the more conservative USEPA limit (11.1 Bg/L). This dual finding reflects the
ongoing interational debate on appropriate radon safety thresholds and different risk
management approaches. Although compliance with WHO/EU guidelines suggests the
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water is safe for consumption under intemational standards, the exceedance of USEPA
limits indicates potential long-term health concems that warrant continued monitoring and
risk mitigation. Moreover, with majority of the RAEDEr for infants (97.78%), children
(95.56%0), and adults (82.22%) exceeding the WHO limit of 100 uSv/y, and considering
the cumulative nature of radiation exposure, precautionary measures are advisable to
minimize long-term risks, particularly for vulnerable populations including infants and
children. Therefore, it’s recommended that all groundwater from sources in these
communities undergo simple, low-cost radon mitigation techniques suitable for rural
communities, such as aeration systems, open storage tanks allowing radon degassing, or
agitation methods that promote radon release before water use.

With appropriate public health interventions, the already low radiological risks can
be further minimized, ensuring the safety and well-being of communities dependent on
groundwater resources in mining-affected areas.
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