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I. INTRODUCTION 
 

Many scientists worldwide are very interested in 

estimating the natural radioactivity in soil, rock, 

building materials, and drinking water. The soil 

found in the top layer of the earth's crust is made up 

of organic matter, mineral particles, and living things 

are the most important natural resources [1]. Natural 

radioactivity and the associated external exposure to 

gamma radiation are primarily determined by 

geological and geographical circumstances. Almost 

all types of soils, rocks, drinking water, and building 

materials include the primordial radionuclides and 

their decay products [2].  

 

Water is essential for life on Earth. The need for high-

quality drinking water is critical for human health. 

Demand for pure and fresh water has increased in 

recent decades as a result of rapid population 

development, irregular rainfall, and increased human 

density. Contamination of water occurs as a result of 

increased industrial and human activity. Because of 

its transit through rocks and soil formations, as well 

as the dissolution of numerous chemicals, minerals, 

and radioactive contaminants, ground water is more 

radioactive.  

 

The three naturally occurring radioactive series 

present in water are uranium, thorium, and actinium, 

among them, uranium radioactive series is 

detrimental to human health since it is both 

chemically and radiotoxic [3]. 226Ra, 228Ra, and 

222Rn are common radionuclides found in water 

that pose serious health risks to humans. They emit 

alpha particles, and their breathing in and ingestion 

can result in significant radioactive doses to sensitive 

cells in the pulmonary tracts, digestive systems, and 

other human organs [4]. The concentration of 222Rn 

in ground water depends on the hydrogeology of 

the area or aquifer, whereas it is very low in surface 

water, with concentrations of less than 4 Bq l-1[5].  

 

The 222Rn isotope has a half-life of 3.825 days in the 

human environment, which is long enough to cause 

lung cancer, stomach cancer, and leukaemia [6]. The 

potential health risk from radon enriched drinking 

water can be caused by two mechanisms: first, the 

transfer of 222Rn and its progenies liberated from 

water into indoor air and inhalation, and second, 

direct intake of dissolved 222Rn in potable water [6]. 

Considering the possible health risk of waterborne 

radon, approximately 89% of lung cancer caused by 

inhalation of 222Rn released from water and 11% of 

stomach cancer caused by consumption of 222Rn 

contaminated water [7]. 222Rn concentrations in 

drinking water, air, and soil were measured in various 

places of the world in order to calculate the annual 

effective dose and reduce the health risks of radon 

on humans [8-11].  
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The two possible health risks posed by radon-

enriched drinking water are the transport of radon 

from water to indoor air and its inhalation as well as 

ingestion. Long-term population exposure to high 

levels of radon and its daughters results in 

pathological effects such as respiratory disorders 

and lung cancer [12]. Drinking water with a high 

222Rn level, on the other hand, may raise the risk of 

stomach cancer and gastrointestinal cancer [12]. 

Radon is the second leading cause of lung cancer in 

the United States, after smoking, according to the 

Environmental Protection Agency [13].  

 

The USEPA proposed a maximum contamination 

limit (MCL) of 11.1 Bq l -1 for 222Rn in water [13]. 

Understanding the activity concentration of 222Rn in 

drinking water is critical for public health. As a result, 

the current work is the first attempt to determine 

222Rn content in drinking water along Yagachi river 

basin. As a result, a campaign to spread knowledge 

about drinking water use and its potential health 

risks has been launched in the current research area. 

The data from the current study will be added to the 

radon mapping in India's scientific data bank. 

 

II. STUDY AREA 
 

Yagachi river starts in Chikmagalur Baba Budan hill 

range and travels through Belur Taluk and Hassan 

District before ending. At Gorur, it joins with the 

Hemavathi river. Votehole is the main tributary to it. 

A Votehole dam has been built nearby Rajanahalli 

[14,15]. Latitudes 12° 52' 58" to 13° 25' 1" north and 

longitudes 75° 59' 54" to 75° 59' 54" east define the 

location of the Yagachi River in Karnataka, India. Its 

catchment area extends southward from Gorur Dam 

to Mullayyanagiri (Baba Budan Range). The towns of 

Belur, Chikmagalur, Arsikere, and Hassan receive 

irrigation and drinking water from Yagachi, similar as 

Votehole [14,15]. The research area measures 

around 116 km long. Peninsular gneiss is the most 

major rock type there, followed by charnokite, 

gneisses, unidentified crystallines, slates, phyllites, 

and schists [14,15]. Figure 1 shows the 

representation of the study area. 

 

 
Figure1: Location map of the study area (Yagachi 

river basin). 

 

III. MATERIALS AND METHODS 
 

Samples collection and preparation 

Water samples were collected from various locations 

in the Yagachi river basin, India from April to May 

2023. Twenty two bore well water samples of 250 ml 

are collected after allowing water for 10 to 15 

minutes of pumping and eight surface water 

samples were collected from public taps (river water) 

in specially prepared plastic bottles. While collecting 

water samples, bottles are filled and gently closed 

the cap without any air bubbles inside the container. 

Three samples were collected from each site to test 

the accuracy of radon concentrations. The collected 

water were sent to the laboratory to examine 

dissolved 222Rn using the Emanometry method [16].  

 

Determination of radon concentration by 

bubbler method 

The Emanometry technique was used in this study to 

measure the 222Rn concentration in drinking water 
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[21, 22]. Using a vacuum pump, the bubbler and 

scintillation cells were evacuated first, and then 60 to 

70 ml of water was put into the bubbler. By bubbling 

the water inside the bubbler, the dissolved radon 

was transferred to the evacuated scintillation cell. 

After 3 hours of establishing equilibrium between 

222Rn and its progeny, the cell was alpha counted 

using an alpha detecting instrument. Figure 2 is a 

schematic diagram of a radon bubbler. The 

concentration of dissolved 222Rn was determined 

using the formula [17]. 

 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑟𝑎𝑑𝑜𝑛𝐶𝑅𝑛 ( 𝐵𝑞𝐿−1) =
6.97𝑋10−2𝑋𝐷

𝑉𝑋𝐸𝑋𝑒−𝜆𝑇𝑋𝑒−𝜆𝜃𝑋(1−𝑒−𝜆𝑡)
               (1)  

                       

where D denotes the difference in background and 

sample counts. V denotes volume of water, E 

denotes scintillation cell efficiency, and R is the 

radon decay constant (2.09x10-6 s-1). T denotes the 

counting delay after sampling (seconds), t the 

counting duration (seconds), and ө the bubbler 

building time (seconds) [17]. 

 

Estimation of inhalation and ingestion dose   

The two possible routes for 222Rn in water entering 

the human body are inhalation and ingestion. Both 

the lungs and the stomach are susceptible to radon 

in the water. The radiation dose to the stomach 

(ingestion) is established by the amount of water 

consumed each day. The radiation dose to the lungs, 

on the other hand, is determined by the release of 

222Rn gas from water during normal human activity. 

Radiation exposure from waterborne radon is 

considered to be more harmful to the population 

than all other contaminants in water [18]. The 

UNSCEAR has published standard formulas for 

estimating annual effective doses of radon in water 

to people [18]. 

 

 Dose due to inhalation 𝐸𝐼𝑛  (𝜇𝑆𝑣 𝑦−1 )  

=  𝐶𝑅𝑛  ×   𝑅𝑎𝑊   × 𝐼  × 𝑂 

×   𝐾        (2)  

 where RaW is the ratio of 222Rn in air to 222Rn in 

water (10-4), I is the radon-progenies equilibrium 

factor (0.4), O is the average indoor occupancy time 

per individual (7000 ha−1), and K is the dosage 

conversion factor for radon exposure [9 nSv (Bq h 

m−3)−1]. 

 Dose due to ingestion 𝐸𝐼𝑛𝑔 (𝜇𝑆𝑣 𝑦−1 )  

=  𝐶𝑅𝑛  ×  𝐴 𝑤

×  𝐷                            (3)  

   where Aw denotes weight estimated water 

consumption (60 la−1) and D is the effective dosage 

coefficient for ingestion (3.5 nSvBq−1). 

 

Estimation of age-dependent ingestion dose 

The radiation dose to the stomach caused by 222Rn 

exposure in water has been calculated for individuals 

of various ages using the equation given in the 

United Nations Scientific Committee on the Effects 

of Atomic Radiation [19]. 

 

Total effective dose for ingestion 𝐸𝐼𝑛𝑔 

= 𝐶𝑅𝑛  ×  𝐷𝑊𝐼 ×  𝐹 × 𝑇 

DWI is daily water consumption for the general 

public of various age groups such as infants, 

children, males, females, pregnancy, and lactation. F 

and T are the dose conversion factor (10−8 Sv Bq−1) 

and exposure time (365 days per year), respectively 

[19].  

 
Fig.2 Schematic diagram of Radon bubbler [17] 
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Fig.3 Schematic diagram of Scintillation cell (Luscas 

cell)[17] 

 

IV. RESULTS AND DISCUSSION 
 

222Rn activity in drinking water 

In India, there are no special rules or regulations 

regarding the amount of radon in drinking water. 

Maximum Contamination Limits (MCL) for the 

concentration of 222Rn activity in water has been 

proposed by a number of international bureaus and 

organisations from the perspective of radiological 

protection. The USEPA proposed a maximum 

contamination level of 11.1 Bql-1 for 222Rn 

concentration in groundwater in accordance with 

the safe drinking water act's directives in 1991 [13]. 

In 1999, it also proposed an alternative MCL of 150 

Bql-1 by taking into account the increase in 222Rn 

activity concentration in indoor air from water [20]. 

The World Health Organization advised that if the 

amount of 222Rn activity in drinking water was 

greater than 100 Bql-1, some corrective action 

should be taken [21]. UNSCEAR recommended 

222Rn activity levels in water in the range of 4 to 40 

Bql-1 for human consumption [22]. The Indian 

supervisory authority has not yet established a 

maximum contamination level or reference level for 

the presence of 222Rn in drinking water sources. 

 

Table 1 summarises the estimated average 222Rn 

concentrations and equivalent effective dosage due 

to ingestion and inhalation by the general public in 

the Yagachi river basin. The 222Rn activity in the 

drinking water of the Yagachi river basin ranged 

from 12.26 ± 0.21 to 118.56 ± 2.65 Bq l-1 with a 

geometrical mean value of 45.24 ± 1.03 Bq l-1. The 

MCL of 11.1 Bq l-1 recommended by USEPA was 

exceeded by the geometrical mean radon activity 

levels of all locations [20]. It is also obvious that the 

222Rn activity levels calculated in 100% of the 

examined area's drinking water is greater than the 

USEPA's recommended limit contamination level of 

11.1 Bq.l-1. The levels of 222Rn activity found in 84% 

of the analysed drinking water samples are lower 

than the 100 Bq l-1 recommended by the WHO [21]. 

Additionally, it is clear that radon activity levels in 

26% of the drinking water samples were significantly 

below the UNSCEAR's maximum recommended limit 

of 40 Bql-1[22]. 

 

The highest 222Rn activity was found in bore well 

water collected from Dattathreya Peeta this may be 

because old granite is present in that area. Due to 

the existence of old granitic at various depths and 

thrusts, faults, and shears that allow radon gas to 

migrate upward, higher activity concentration was 

also seen in the Malaguru, Melagiri, Jagara and 

Allampura [14,15]. The lower 222Rn activity 

concentration in water was observed at some 

locations, this may be due to the underlying bedrock 

system attributed by Quartz chlorite schist, lateritic, 

metabasic older gneiss rocks which contain lower 

activity concentration of radionuclides [14, 15]. 

 

The dependent elements for change of 222Rn 

activity in drinking water are the geo-hydrological 

characteristics of the aquifer and the geological 

region with high uranium/radium containing granite 

rock [23]. Along the broken surface, 226Ra rich 

minerals decay and emit 222Rn into the 

groundwater. The diverse depths of water resources 

and a different mechanism that affects the geo-

hydrological nature of the locations are main causes 

for the differences in 222Rn concentration [23]. The 

Table 1 shows that bore well drinking water has a 

higher concentration of 222Rn than surface water. 

This might be because radionuclides like 238U and 

226Ra are found in soil and rocks in varying 

amounts; as a result, radon can freely travel through 

porous rocks beneath saturated water tables. The 

radon that is present in the soil and rocks can easily 

dissolve into the water when it comes from these 

pores and be carried there with it. The deeper wells 

and hand pumps are another factor in the increasing 

radon levels. The concentration of 222Rn activity in 

the surface water was quite low. Because of the 

difference in ambient temperature, the surface water 
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is easily exposed and the dissolved radon is readily 

discharged to the atmosphere [24]. 

 

The Table 2 shows that all surface water samples, 

total annual effective dosage exposure was 

significantly below the WHO recommended 

threshold of 100 μSv y-1 as a result, the 222Rn dose 

received by the surface drinking water in the 

research area did not pose any health risks and all 

bore well water samples, total annual effective 

dosage exposure was above 100 μSv y-1 and will 

pose health risks to the residents [21]. 

 

 

Table 1 Concentration of radon in drinking water samples 

 

 

        

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. 

NO. 
Villages and Towns 

Location 

 
Sample 

type 

CRn 

Bq l-1 

Mean ± SD Latitude  Longitude 

R1 Malaguru 13° 26' 14" 75° 42' 34" Bore well water 115.32±2.34 

R2 Melagiri 13° 29' 09" 75° 40' 28" Bore well water 110.24±2.15 

R3 Jagara 13° 26' 59" 75° 40' 25" Bore well water 113.35±2.18 

R4 Dattathreya peeta 13° 23' 21" 75° 43' 27" Bore well water 118.56±2.65 

R5 Allampura 13° 20' 36" 75° 45' 35" Bore well water 112.32±2.34 

R6 Indavara 13° 20' 38" 75° 45' 52" Bore well water 87.47±1.87 

R7 Chikkamagaluru 13°19' 51" 75° 46' 24" Surface water 19.18±0.24 

R8 Mugulavalli 13° 17 07" 75° 48' 22" Bore well water 56.37±1.24 

R9 Matadathimmanahalli 13° 16' 02" 75° 47' 07" Bore well water 49.46±1.13 

R10 Hejjiganahalli 13° 15' 18" 75° 48' 40" Bore well water 46.47±1.17 

R11 Hosamane 13° 14' 29" 75° 49' 37" Bore well water 49.45±1.20 

R12 Narayanapur 13° 13' 50" 75° 49' 51" Surface  water 18.37±0.32 

R13 Yamasandi 13° 13' 13" 75° 49' 33" Surface  water 19.47±0.43 

R14 Bommadihalli 13° 11' 40" 75° 50' 17" Bore well water 45.67±1.65 

R15 Chikkabyadegere 13° 10' 44" 75° 52' 18" Surface  water 20.37±0.38 

R16 Belur ,Villupuram  13° 09' 39" 75° 51' 58" Surface  water 21.54±0.45 

R17 Belur, halebhidi 13° 09' 54" 75° 52' 03" Surface water 19.38±0.26 

R18 Chammadevanahalli 13° 08' 06" 75° 52' 41" Bore well water 56.45±1.28 

R19 Chalvegowdana Koppalu 13° 06' 01" 75° 53' 55" Bore well water 43.45±1.36 

R20 N. Koppalu 13°02' 36" 75° 53' 45" Bore well water 58.54±1.43 

R20 Haluvalli 13° 01' 10" 75° 55' 49" Bore well water 56.36±1.46 

R22 Imatipura 12° 59' 48" 75° 58' 10" Bore well water 68.34±1.87 

R23 Alur 12° 58' 29" 75° 59' 37" Surface water 12.26±0.21 

R24 Thuraganahalli 12° 55' 55" 76° 00' 01" Bore well water 45.28±1.03 

R25 Chattanahalli 12° 54' 21" 75° 59' 35" Bore well water 43.37±1.38 

R26 Kadabagala 12° 54' 00" 76° 00' 28" Bore well water 51.38±1.42 

R27 Chowdanahalli 12° 52' 21" 76° 02' 18" Bore well water 47.39±1.52 

R28 Honnenahalli 12° 53' 14" 75° 58' 48" Bore well water 45.54±1.38 

R29 Valagarahalli 12° 51' 28" 75° 59' 18" Bore well water 49.37±1.42 

R30 Garighatta 12° 50' 30" 76° 00' 04" Surface  water 22.24±0.45 

Minimum 12.26±0.21 

Maximum  118.56±2.65 

Geometrical mean 45.24±1.03 
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Table 2 Annual effective dose in the drinking water samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For people of various ages, the ingestion dose was calculated based on annual water intake in order to 

determine the potentially harmful effects of radon on health. Table 3 provides a summary of the calculated 

total annual ingestion doses to individuals in various age groups. The annual effective ingestion dose in 

infants varies from 31.32 to 302.92 μSv y−1 with geometrical mean value of 115.60 μSv y−1, the fact that 

infants and children drink less water may be the reason why the geometrical mean ingestion dose exposure 

to 222Rn in drinking water is significantly less. The annual effective ingestion dose in adults varies from 

165.57 to 1601.15 with geometrical mean value of 611.02 μSv y−1,  Adults drink 3.7 liters of water per day 

so radon ingestion dosage exposures was significantly high in adults [19]. 

Sl. 

NO. 

Villages and Towns Din 

µSv y-1 

Dose 

to 

lungs 

µSv y-1 

Dig 

µSv y-1 

Dose 

to stomach 

µSv y-1 

AED 

µSv y-1 

R1 Malaguru 290.61 34.84 24.22 2.90 314.82 

R2 Melagiri 277.80 33.31 23.15 2.77 300.96 

R3 Jagara 285.64 34.25 23.80 2.85 309.45 

R4 Dattathreya peeta 298.77 35.82 24.90 2.98 323.67 

R5 Allampura 283.05 33.94 23.59 2.82 306.63 

R6 Indavara 220.42 26.43 18.37 2.20 238.79 

R7 Chikkamagaluru 48.33 5.80 4.03 0.48 52.36 

R8 Mugulavalli 142.05 17.03 11.84 1.42 153.89 

R9 Matadathimmanahalli 124.64 14.94 10.39 1.24 135.03 

R10 Hejjiganahalli 117.10 14.04 9.76 1.17 126.86 

R11 Hosamane 124.61 14.94 10.38 1.24 135.00 

R12 Narayanapur 46.29 5.55 3.86 0.46 50.15 

R13 Yamasandi 49.06 5.88 4.09 0.49 53.15 

R14 Bommadihalli 115.09 13.80 9.59 1.15 124.68 

R15 Chikkabyadegere 51.33 6.15 4.28 0.51 55.61 

R16 Belur ,Villupuram 54.28 6.51 4.52 0.54 58.80 

R17 Belur, halebhidi 48.84 5.86 4.07 0.49 52.91 

R18 Chammadevanahalli 142.25 17.06 11.85 1.42 154.11 

R19 Chalvegowdana Koppalu 109.49 13.13 9.12 1.09 118.62 

R20 N. Koppalu 147.52 17.69 12.29 1.47 159.81 

R20 Haluvalli 142.03 17.03 11.84 1.42 153.86 

R22 Imatipura 172.22 20.65 14.35 1.72 186.57 

R23 Alur 30.90 3.70 2.57 0.31 33.47 

R24 Thuraganahalli 114.11 13.68 9.51 1.14 123.61 

R25 Chattanahalli 109.29 13.10 9.11 1.09 118.40 

R26 Kadabagala 129.48 15.52 10.79 1.29 140.27 

R27 Chowdanahalli 119.42 14.32 9.95 1.19 129.37 

R28 Honnenahalli 114.76 13.76 9.56 1.14 124.32 

R29 Valagarahalli 124.41 14.92 10.37 1.24 134.78 

R30 Garighatta 56.04 6.72 4.67 0.56 60.72 

Minimum 30.90 3.70 2.57 0.31 33.47 

Maximum 298.77 35.82 24.90 2.98 323.67 

Geometrical mean 114.02 13.67 9.50 1.14 123.52 
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Table 3 Annual effective ingestion doses due to radon in drinking water 

(Different age groups) 

 

Life stage Age group DWI  

(L day−1) 

Annual effective ingestion dose (μSv y−1) 

Min Max Geo. Mean 

Infants 0-6 months 0.7 31.32 302.92 115.60 

 7-8 months 0.8 35.80 346.20 132.11 

Children 1-3 years 1.3 58.17 562.57 214.68 

 4-12 years 1.7 76.07 735.66 280.74 

Males 9-13 years 2.4 107.40 1038.59 396.34 

 4-18 years 3.3 147.67 1428.06 544.97 

 Adults 3.7 165.57 1601.15 611.02 

Females 9-13 years 2.1 93.97 908.76 346.80 

 4-18 years 2.3 102.92 995.31 379.83 

 Adults 2.7 120.82 1168.41 445.88 

Pregnancy 19-50 Years 3 134.25 1298.23 495.43 

Lactation 19-50 years 3.8 170.05 1644.43 627.54 

V. CONCLUSION 
 

According to the above mentioned findings, 100% of 

the examined area's drinking water exceeds the MCL 

of 11.1 Bq.l-1, as suggested by the USEPA. The 16% 

of the drinking water have 222Rn values are much 

higher than the 100 Bq.l-1 as suggested by the WHO. 

Divergent geological aquifers and geohydrological 

characteristics are the cause of the uneven 

distribution of 222Rn in drinking water of the studied 

area. Bore well drinking water samples had greater 

radon activity concentrations than Surface drinking 

water samples. When compared to lung tissues 

exposed to airborne, waterborne radon through 

breathing, the annual effective dose absorbed by 

stomach walls through ingesting was much lower. 

The annual effective dose received by the residents 

by bore well water is above 100 μSv y-1 and will pose 

health risks. Surface water is safe for drinking 

purpose and do not pose any health risks. Radon 

ingestion dosage exposures was significantly high in 

adults. 
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