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A B S T R A C T   K E Y W O R D S  

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 Bq/l. The total annual effective doses varied 

from 65.53 to 590.49 (µSv/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 Bq/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 Bq/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 (222Rn), 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].  It is the most stable isotope 

of radon, with a half-life of 3.8215 days [5]. Due to 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 International 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  

 

[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 Bq/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 Bq/l, with a higher upper limit of 1000 Bq/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 mSv/y [15, 18]. Consequently, the International 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, Yengema and 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 concerns, 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: -

11.17057) in the Kono District (Eastern Province), and Marampa in the Port Loko District 

(Northern 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 

(November to 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 H2O accessories 

designed for the measurements of 222Rn in water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Map showing sampling locations. 

 
Fig.2. Durridge RAD7 setup for the analysis of Radon-222 in the groundwater
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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: morning (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 YW15 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 in atmospheric 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 diurnal 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 (RAEDEIng) 

The annual effective dose equivalent due to radon-222 ingestion (RAEDEIng) in 

(µSv/y), was calculated using the equation from [3, 14, 20]: 

                                       𝑅𝐴𝐸𝐷𝐸𝐼𝑛𝑔 = 𝐶𝑅𝑛
𝑥 𝐾 𝑥 𝐶𝑤 𝑥 𝑇                                                       (1) 

where 𝐶𝑅𝑛
 represents the measured concentration of 222Rn in water (Bq/L); 𝐾 is 

the age-specific dose conversion factor (Sv/Bq), with values of 7 x 10-8 Sv/Bq for infants 

(0 – 2 years), 2 x 10-8 Sv/Bq for children (3 – 12 years), and 1 x 10-8 Sv/Bq for adults (> 12 

years); Cw 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 patterns across 

different age groups [28, 29]. Consequently, RAEDEIng in µSv/y for infants, children and 

adults are calculated using the following equations (1a), (1b), and (1c), respectively: 

                             𝑅𝐴𝐸𝐷𝐸𝐼𝑛𝑔(𝐼𝑛𝑓𝑎𝑛𝑡𝑠) = 12.775 𝑥 𝐶𝑅𝑛
                                (1a) 

                              𝑅𝐴𝐸𝐷𝐸𝐼𝑛𝑔(𝐶ℎ𝑖𝑙𝑑𝑟𝑒𝑛) = 10.95 𝑥 𝐶𝑅𝑛
                               (1b) 

                                 𝑅𝐴𝐸𝐷𝐸𝐼𝑛𝑔(𝐴𝑑𝑢𝑙𝑡𝑠) = 7.3 𝑥 𝐶𝑅𝑛
                                      (1c) 

2.4 Annual effective dose equivalent due to Radon-222 inhalation 

(RAEDEInh) 

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]: 

                   𝑅𝐴𝐸𝐷𝐸𝐼𝑛ℎ.(µ
𝑆𝑣

𝑦
) = 𝐶𝑅𝑛

𝑥 𝑅𝐴𝑊 𝑥 𝐸𝐹  𝑥 𝑂𝐹  𝑥 𝐷𝐶𝐹                      (2) 

where RAW represents the ratio of radon in air to radon in water, valued at 10-4; EF denotes 

the global average equilibrium factor for radon and its decay products, which is 0.4; OF is 

the worldwide average indoor occupancy factor of 7000 hy-1; and DCF is the dose 

conversion factor, set at 9 nSvh-1(Bqm-3)-1 for radon and its progeny. 

2.5 Total annual effective dose equivalent (𝑹𝑨𝑬𝑫𝑬𝑻𝒐𝒕𝒂𝒍) 

The total annual effective dose equivalent (RAEDETotal) was calculated as the sum 

of ingestion and inhalation doses [3]: 

                        𝑅𝐴𝐸𝐷𝐸𝑇𝑜𝑡𝑎𝑙 = 𝑅𝐴𝐸𝐷𝐸𝐼𝑛𝑔 + 𝑅𝐴𝐸𝐷𝐸𝐼𝑛ℎ                               (3) 

2.6 Excess lifetime cancer risk assessment 

Excess lifetime cancer risks (ELCR) represent the probability of developing 

cancer over a lifetime due to radon exposure and were calculated using ICRP methodology 

[30, 31]: 

                                    𝐸𝐿𝐶𝑅 =  𝑅𝐴𝐸𝐷𝐸𝑇𝑜𝑡𝑎𝑙  𝑥 𝐿𝐷 𝑥 𝑅𝐹                                  (4) 

where LD is the mean life duration = 70 years, RF is the stochastic risk factor = 0.05 Sv-1. 

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 = 𝑅𝐴𝐸𝐷𝐸𝐼𝑛ℎ 𝑥 18 𝑥 10−6                                           (5) 

where 18 𝑥 10−6 is the risk factor for inducing lung cancer (µSv)-1. 

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 Bq/l with an 

average value of 20.71 Bq/l, 5.07 to 41.10 Bq/l with an average value of 18.32 Bq/l, and 

7.21 to 40,02 Bq/l with an average value of 18.28 in the morning, afternoon and evening, 

respectively. The average daily concentration in this study, varied from 6.67 to 38.61 Bq/l 

with an average value of 19.10 Bq/l. Table 1 presents the measured radon-222  

 

Fig.3. Measured Radon-222 concentrations during the morning, afternoon and evening hours against the sample location. 
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Table 1. Measured Radon-222 Concentrations, RAEDEIng and RAEDEInh, ELCR for all age groups, and LCC across the sampling locations. 

Location 

Code 

Radon-222 Concentration (CRn) in Bq/l 
Annual Effective Dose due to Ingestion and Inhalation in µSv/y 

Excess Lifetime Cancer Risk 
LCC RAEDEIng. RAEDEInh.  RAEDETotal 

Morning Afternoon Evening Mean Infants Children Adults 
 

Infants Children Adults Infants Children Adults 

KW1(W) 35.83 31.22 31.24 32.76 418.55 358.76 239.17 82.56 501.12 441.32 321.74 0.0018 0.0015 0.0011 0.0015 

KW2(W) 33.92 32.3 30.64 32.29 412.46 353.54 235.69 81.36 493.82 434.90 317.06 0.0017 0.0015 0.0011 0.0015 

KW3(W) 35.07 34.12 32.21 33.80 431.80 370.11 246.74 85.18 516.97 455.29 331.92 0.0018 0.0016 0.0012 0.0015 

KW4(W) 37.54 33.24 31.31 34.03 434.73 372.63 248.42 85.76 520.49 458.38 334.17 0.0018 0.0016 0.0012 0.0015 

KW5(W) 39.05 38.18 36.01 37.75 482.21 413.33 275.55 95.12 577.34 508.45 370.67 0.0020 0.0018 0.0013 0.0017 

KW6(W) 22.73 19.01 16.23 19.32 246.86 211.59 141.06 48.69 295.55 260.29 189.76 0.0010 0.0009 0.0007 0.0009 

KW7(W) 29.81 27.01 28.01 28.28 361.23 309.63 206.42 71.26 432.49 380.89 277.68 0.0015 0.0013 0.0010 0.0013 

KW8(B) 31.43 22.11 24.34 25.96 331.64 284.26 189.51 65.42 397.06 349.68 254.93 0.0014 0.0012 0.0009 0.0012 

KW9(B) 34.36 33.04 30.18 32.53 415.53 356.17 237.44 81.97 497.50 438.13 319.41 0.0017 0.0015 0.0011 0.0015 

KW10(B) 24.19 19.18 16.11 19.83 253.29 217.10 144.73 49.96 303.25 267.07 194.70 0.0011 0.0009 0.0007 0.0009 

KW11(B) 41.63 38.18 36.01 38.61 493.20 422.74 281.83 97.29 590.49 520.03 379.12 0.0021 0.0018 0.0013 0.0018 

KW12(B) 30.48 34.18 33.01 32.56 415.91 356.50 237.66 82.04 497.95 438.54 319.71 0.0017 0.0015 0.0011 0.0015 

KW13(B) 19.21 16.12 15.21 16.85 215.22 184.47 122.98 42.45 257.67 226.92 165.43 0.0009 0.0008 0.0006 0.0008 

KW14(B) 33.43 19.18 19.01 23.87 304.98 261.41 174.28 60.16 365.14 321.57 234.44 0.0013 0.0011 0.0008 0.0011 

KW15(B) 31.68 41.1 40.02 37.60 480.34 411.72 274.48 94.75 575.09 506.47 369.23 0.0020 0.0018 0.0013 0.0017 

YW1(W) 16.11 14.31 13.11 14.51 185.37 158.88 105.92 36.57 221.93 195.45 142.49 0.0008 0.0007 0.0005 0.0007 

YW2(W) 17.23 16.41 17.22 16.95 216.58 185.64 123.76 42.72 259.30 228.36 166.48 0.0009 0.0008 0.0006 0.0008 

YW3(W) 21.13 19.13 20.11 20.12 257.08 220.35 146.90 50.71 307.79 271.06 197.61 0.0011 0.0009 0.0007 0.0009 

YW4(W) 19.03 17.16 17.23 17.81 227.48 194.98 129.99 44.87 272.35 239.86 174.86 0.0010 0.0008 0.0006 0.0008 

YW5(W) 21.15 21.01 19.15 20.44 261.08 223.78 149.19 51.50 312.58 275.28 200.69 0.0011 0.0010 0.0007 0.0009 

YW6(W) 19.17 19.12 18.27 18.85 240.85 206.44 137.63 47.51 288.36 253.95 185.14 0.0010 0.0009 0.0006 0.0009 

YW7(W) 27.16 22.11 21.13 23.47 299.79 256.96 171.31 59.14 358.92 316.10 230.44 0.0013 0.0011 0.0008 0.0011 

YW8(B) 20.17 20.01 18.16 19.45 248.43 212.94 141.96 49.01 297.44 261.95 190.97 0.0010 0.0009 0.0007 0.0009 

YW9(B) 14.24 11.32 14.13 13.23 169.01 144.87 96.58 33.34 202.35 178.21 129.92 0.0007 0.0006 0.0005 0.0006 

YW10(B) 21.04 20.14 18.01 19.73 252.05 216.04 144.03 49.72 301.77 265.76 193.75 0.0011 0.0009 0.0007 0.0009 

YW11(B) 12.07 10.14 11.01 11.07 141.46 121.25 80.84 27.90 169.37 149.16 108.74 0.0006 0.0005 0.0004 0.0005 

YW12(B) 15.24 12.14 12.01 13.13 167.74 143.77 95.85 33.09 200.82 176.86 128.94 0.0007 0.0006 0.0005 0.0006 

YW13(B) 17.15 13.24 14.23 14.87 190.01 162.86 108.58 37.48 227.49 200.34 146.06 0.0008 0.0007 0.0005 0.0007 

YW14(B) 16.13 14.11 13.16 14.47 184.81 158.41 105.61 36.46 221.27 194.87 142.06 0.0008 0.0007 0.0005 0.0007 

YW15(B) 24.14 22.1 21.63 22.62 289.01 247.73 165.15 57.01 346.02 304.74 222.16 0.0012 0.0011 0.0008 0.0010 

MW1(W) 12.02 11.32 10.17 11.17 142.70 122.31 81.54 28.15 170.85 150.46 109.69 0.0006 0.0005 0.0004 0.0005 

MW2(W) 13.13 10.03 11.03 11.40 145.59 124.79 83.20 28.72 174.31 153.51 111.92 0.0006 0.0005 0.0004 0.0005 

MW3(W) 10.32 8.25 10.12 9.56 122.17 104.72 69.81 24.10 146.27 128.82 93.91 0.0005 0.0005 0.0003 0.0004 

MW4(W) 8.22 5.07 7.21 6.83 87.30 74.83 49.88 17.22 104.52 92.05 67.10 0.0004 0.0003 0.0002 0.0003 

MW5(W) 11.04 7.11 12.04 10.06 128.56 110.19 73.46 25.36 153.92 135.55 98.82 0.0005 0.0005 0.0003 0.0005 

MW6(W) 14.31 9.31 11.31 11.64 148.74 127.49 85.00 29.34 178.08 156.84 114.34 0.0006 0.0005 0.0004 0.0005 

MW7(W) 12.01 10.01 9.01 10.34 132.14 113.26 75.51 26.07 158.20 139.32 101.57 0.0006 0.0005 0.0004 0.0005 

MW8(B) 10.12 11.18 8.44 9.91 126.64 108.55 72.37 24.98 151.62 133.53 97.35 0.0005 0.0005 0.0003 0.0004 

MW9(B) 12.32 6.32 10.25 9.63 123.02 105.45 70.30 24.27 147.29 129.72 94.57 0.0005 0.0005 0.0003 0.0004 

MW10(B) 11.22 10.26 12.06 11.18 142.82 122.42 81.61 28.17 171.00 150.59 109.79 0.0006 0.0005 0.0004 0.0005 

MW11(B) 10.13 7.17 9.07 8.79 112.29 96.25 64.17 22.15 134.44 118.40 86.32 0.0005 0.0004 0.0003 0.0004 

MW12(B) 7.12 5.62 7.28 6.67 85.25 73.07 48.72 16.82 102.07 89.89 65.53 0.0004 0.0003 0.0002 0.0003 

MW13(B) 15.2 13.24 12.19 13.54 173.02 148.30 98.87 34.13 207.15 182.43 133.00 0.0007 0.0006 0.0005 0.0006 

MW14(B) 13.02 10.08 13.23 12.11 154.71 132.60 88.40 30.52 185.22 163.12 118.92 0.0006 0.0006 0.0004 0.0005 

MW15(B) 10.11 9.01 11.03 10.05 128.39 110.05 73.37 25.33 153.71 135.37 98.69 0.0005 0.0005 0.0003 0.0005 

Max. 41.63 41.1 40.02 38.61 493.20 422.74 281.83 97.29 590.49 520.03 379.12 0.0021 0.0018 0.0013 0.0018 

Min. 7.12 5.07 7.21 6.67 85.25 73.07 48.72 16.82 102.07 89.89 65.53 0.0004 0.0003 0.0002 0.0003 

Average 20.71 18.32 18.28 19.10 244.05 209.18 139.45 48.14 292.19 257.32 187.59 0.0010 0.0009 0.0007 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 international standards shows that 87.5% of groundwater samples exceeded 

the USEPA recommended limit (11.1 Bq/L), while all samples (100%) remained below 

the EU/WHO limit (100 Bq/L). This is illustrated in Figure 4 below. The divergence 

between these standards reflects different regulatory philosophies: USEPA's lower 

threshold (11.1 Bq/L) represents a more precautionary approach aimed at minimizing any 

potential risk, while WHO and EU standards (100 Bq/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 internationally 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 Bq/L), followed by Yengema (17.38 Bq/L) and Marampa (10.19 Bq/L), as 

presented in Table 2. Also, the maxima radon-222 concentrations across Koidu 

Kimberlite, Yengema and Marampa mining communities are 38.61, 23.47 and 13.54 

Bq/L, respectively. The minima radon-222 concentrations across Koidu Kimberlite, 

Yengema and Marampa mining communities are 16.85, 11.07 and 6.67 Bq/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.

 

Fig.4. A plot of the averaged daily Radon-222 Concentration of well and borehole water samples in Bq/l against Study location. 

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

Study Location Number of Samples Max. (Bq/l) Min. (Bq/l) Average (Bq/l) SD Median Range 

Koidu 15 38.61 16.85 29.73 7.04 32.53 21.76 

Yengema 15 23.47 11.07 17.38 3.70 17.81 12.39 

Marampa 15 13.54 6.67 10.19 1.83 10.06 6.87 

 

Fig.5. Annual Effective Dose Equivalents due to Radon-222 Ingestion for infants, children and adults. 

Fig.6. Annual Effective Dose Equivalents due to Radon-222 Inhalation. 
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Fig.7. A plot of the Total Annual Effective Dose Equivalents for Infants, Children and Adults against the sampling locations. 

Fig.8. A plot of the estimated Excess Lifetime Cancer Risk for infants, children and Adults against the sample area. 

Fig.9. The Lung Cancer Cases per Million per people per year across the study area.

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 µSv/y (mean: 244.05 µSv/y), children from 73.07 to 

422.74 µSv/y (mean: 209.18 µSv/y), and adults from 48.72 to 281.83 (mean: 139.45 

µSv/y). Additionally, the annual effective dose equivalents resulting from 222Rn 

inhalation (RAEDEInh) spans from 16.82 to 97.29 µSv/y (mean: 48.14 µSv/y) 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 590.49 µSv/y for infants (mean: 292.19 µSv/y), 89.89 to 520.03 µSv/y for 

children (mean: 257.32 µSv/y), and 65.53 to 379.12 µSv/y for adult (mean: 187.59 µSv/y). 

A comparison with the WHO’s recommended limit of 100 µSv/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 ELCR values ranged from  

 

0.0004 to 0.0021 µSv/y with an average of 0.0010 µSv/y for infants. For children, the range 

was from 0.0003 to 0.0018 µSv/y averaging 0.0009 µSv/y. For adults, the values ranged 

from 0.0002 to 0.0013 µSv/y with an average of 0.0007 µSv/y. 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 0.0003 to 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 MW4(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 Bq/L), indicating no immediate health risk, 87.5% of samples 

exceeded the more conservative USEPA limit (11.1 Bq/L). This dual finding reflects the 

ongoing international 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 international standards, the exceedance of USEPA 

limits indicates potential long-term health concerns that warrant continued monitoring and 

risk mitigation. Moreover, with majority of the RAEDETotal for infants (97.78%), children 

(95.56%), and adults (82.22%) exceeding the WHO limit of 100 µSv/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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