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Abstract

The present study intends to evaluate the concentration of radon 
in water samples around the Kaveri River basin of the old Mysuru 
region, Karnataka. Concentration of radon measurements was 
done using the Smart RnDuo monitor. The obtained radon 
concentration of water samples in the study area varied from 
0.52 ± 0.1 Bq/l to 99.66 ± 1.59 Bq/l with a geometrical mean 
value of 6.67 ± 0.27 Bq/l. In this study, 100% of the borewell 
water samples exceeded the EPA’s MCL of 11.1 Bq/l, and 55% 
of the borewell water samples exceeded the UNSCEAR’s MCL 
of 40 Bq/l. The estimated annual effective dose ranges from 1.43 
µSv/y to 272.07 µSv/y, with a geometric mean of 18.20 mSv/y. 
All surface water samples were below 0.1 mSv/y, and 55% of 
borewell water samples exceeded the safe limit of 0.1 mSv/y as 
prescribed by WHO. 
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1. Introduction 
Human beings are perpetually exposed to natural background radiation 
regardless of their place of stay and livelihood. The natural background 
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radiation is of two types, namely, terrestrial radiation and extraterrestrial 
radiation, which arises from cosmic rays reaching the earth from outer space 
[1]. Terrestrial radiation is due to radionuclides (238U, 226Th and 40K) that 
are present in variable concentrations in soil, rocks, construction materials 
and water. Natural ambient radioactivity and the related outdoor gamma 
radiation exposure are essentially determined by biological and geographical 
factors. The effect of exposure due to extra-terrestrial radiation is negligible 
compared to that of terrestrial radiation. The internal exposure is mainly 
due to radon (222Rn), thoron (220Rn) and their daughter products. 222Rn is 
the decay product of the 238U chain, and 220Rn is the decay product of the 
Th226 decay chain. Radium (226Ra) emanates an alpha particle and becomes 
radon (222Rn), and Radium (224Ra), after emission of an alpha particle, become 
thoron (220Rn). 222Rn, 220Rn and their progenies are attached to air particles of 
the environment and become aerosols, which are inhaled by human beings, 
causing lung and stomach cancer [2]. The world average annual effective 
dose (AED) of radiation from all the sources is 2.4 mSv y-1. In that 50% of the 
dose arises from consumption of 222Rn, 220Rn and their daughter products [3]. 

Water is the most essential requirement for the existence of all living 
beings, as hand pumps and borewells are the sources of groundwater. 
Rivers, lakes, and other bodies of water are sources of surface water. In both 
cases, water is in contact with radionuclides present in soils and rocks [4]. 
Rain carries 238U, 226Th and 40K to soil, streams, and rivers as a result of rock 

gets dissolved and transmitted to the atmosphere. The presence of radon 
in ground and surface water depends on local geology, soil porosity, and 
the concentration of radionuclides in rocks and soil [5]. Radon has a longer 
half-life than Thoron, and it remains in the human body for a longer time 
after consumption [6-7]. Radon present in water decays into its progenies 
by emitting alpha particles having high energy, which can cause health risks 
in the human body. The important progenies of radon are Po214 and Po218, 
which are major alpha emitters having a prominent effect on stomach and 
lungs cancer [8]. The Stomach is an organ receiving about 90% of the dose 
due to radon. It has been observed that lung cancer and stomach cancer are 
due to higher concentrations of radon (Cw) in drinking water [9]. USEPA 
suggested that MCL should be 11 Bq/l for water samples [10]. 

Several studies were conducted on the measurement of radon 
concentration in water around the world in different geological areas [3-6]. 
The detailed measurement of radon concentration is available in ICRP and 
UNSCEAR reports [1, 8]. These committee reports assess completely the 
work carried out around the world and arrived at the result that the average 
yearly dose received by the individual must be less than 2.4 mSv/y by ICRP 
and 1 mSv/y by UNSCEAR. 
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The Kaveri River basin of the old Mysore region is surrounded by 
granite rocks such as Closepet Granite or Chamundi granites, pink granite, 
and other major types of rocks found are gneiss and Charnockites [11, 12]. 
Various studies have revealed that granites, especially pink granites, are 
associated with higher activity of radionuclides. This region is associated 

Tier-II city; thus, brick industries, stone crushing plants, and granite quarries 
are active in this region. Due to stone crushing and mining operations, large 

Fine particles tend to increase outdoor radioactivity. The concentration of 
radon is proportional to the activities of primordial radionuclides. Hence, to 
study the epidemiological survey, measurement of Cw plays a pivotal role; 
thus, around the Kaveri River basin of the old Mysore region in Karnataka 
State has been undertaken. The present study aims to raise awareness of 
drinking water use and its potential health risks. The data is also used for 
India’s radon mapping.

The river Kaveri takes birth at Talakaveri and covers about 800 km before 
the end of its journey at the Bay of Bengal. The main tributaries joining the 

tributary of the Kaveri is the Harangi River, which originates in the Western 
Ghats of Kodagu. Hemavathi River is the largest tributary that originates 
in the Western Ghats near Ballalarayana Durga in the Chikkamagaluru 
district. Kabini is the largest tributary from the right bank that originates 
from the Wayanadu plateau region of Kerala and joins the river Kaveri at 
Tirumakudalu. The Shimsa River originates at Devarayana Durga Hills 
and joins the Kaveri at Maddur. Minor rivers joining the river Kaveri are 
Arkavathi, Lakshmanatirtha and Suhasini. The major soil types present in 
the river basin are black soils, which occur in patches; red soils are dominant 
in this area; litter is found in upland areas, and high weathering takes place 
due to rain; alluvial soils are found in plain regions [11,12]. The types of rocks 
present are closepet granite and Charnokite, which are the igneous rocks 
that are widespread in the northern part of the study area. Metamorphic 
rocks, such as schists and gneisses, are also dominant in this area [11, 12]. 
The water sampling locations are shown in Figure.1.
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Figure 1: Map depicting sampling locations of the study area (Kaveri River basin of 
old Mysuru region) [11-12].

3. Materials and Methods
In each location, three samples of water are collected based on the availability 

a few minutes. Water samples from bore wells and surface water bodies at 
diverse locations of the present study area are collected in leak proof bottles. 
The Smart RnDuo Monitor has been used to analyse within 2 hours of 
sample collection. The sample was placed in a leakproof, tight bottle with a 
volume of about 60 ml [13-14]. The experiment was started, radon gas in the 
experimental setup, including the 
for 5 minutes by putting “pump on” in the pump setting screen of Smart 
RnDuo. Then a fresh scintillation cell was attached to the Photomultiplier 
tube (PMT). Then the sampling bottle and bubbler are connected with 
a tubing connection, as shown in Figure 2. Then start the monitor with 
15-minute cycles and continue the measurement for 60 minutes at an interval 
of 15 minutes. The concentration of radon in air (Cair) is noted down from the 
monitor. The bubbler kit transfers a major fraction of radon dissolved in the 
liquid to the air volume of the setup within 1 minute. The transfer fraction 
is dependent on the air-to-liquid volume ratio (Vair /Vliq) and the partition 

K) between two media. For more samples to be analyzed the 
instrument should not be stopped at the end of 60 minutes. A similar process 
is monitored for continual water sample analysis.

Figure 2: A schematic experimental setup for the measurement of Cw.
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The measurements of Cw were carried out in 2024 using the smart RnDuo. 
Sixty-six samples were collected in thirty-three locations around the Kaveri 
river basin after preliminary observation of ambient gamma radiation, Cw in 
groundwater and surface water collected in each location. The measurement 
of Cw around the Kaveri river basin has been estimated using the relation 
[15].

                    (1)

where K 0.25 and Vair/Vw =5. Radon enters the bodies of living beings 
through inhalation and ingestion. The AED were calculated using the 
following relations [16].

                   (2)

where Din
-1) is the inhalation dose, Caw is 10-4, F is 0.4, I is 7000 ha-1 and 

DCF 9nSv(Bqh m-3)-1[16].

                   (3)

Where  is the ingestion dose. Cwt is 60 l/y, and EDC is 3.5 nSv/Bq, 
respectively [16]. AED is the sum of the dose to the lungs and stomach.

4. Results and Discussion
The Cw and AED are tabulated in Table 1. The Cw varied from 0.52 ± 0.15 
Bq/l to 99.66 ±1.59 Bq/l  with a geometrical mean value of 6.67± 0.27 Bq/l. 
The maximum Cw was observed in BWS taken at Krishnaraja Sagara, which 
is because of the granites at the bedrock [17]. Higher Cw was observed from 
BWS at Chunchanakatte, Krishnaraja sagara, Srirangapatna, Bannur and 
Balakvadi. These locations are attributed by closepet granite [18-19]. The 
intermediate Cw was observed in hand pumps, attributed by Charnokite 
and peninsular gneiss, which contains lower activity [20-21], and the least 
Cw has been observed in the SWS of Cherangala. This may be due to lesser 
depth, and radon easily emanates into the atmosphere. The variation of Cw 
with the locations is due to variation in local geology and geohydrological 
conditions. [22].

Figure 3 represents the geometrical mean value of Cw in the borewell, 
hand pump and surface water. The Geometrical mean value (GMV) of Cw in 
the borewell is 24.82 Bq/l, hand pump water sample has 14.09 Bq/l and the 
surface water samples have 2.21 Bq/l. 

Among 66 samples 33.3 % (22 samples) showed Cw exceeding the MCL 
of 11.1 Bq/l as suggested by USEPA [23-24]. it is found that 14 % of water 
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samples have Cw much higher than 40 Bq/l as suggested by UNSCEAR 
[25]. The measured Cw were compared to the E C suggestions of 100 Bq/l as 
recommended by WHO [26-27]. 

As per WHO, if the Cw value is less than 100 Bq/l then the water is good 
for drinking purpose and no need to take any remedial measures to reduce 
the Cw in water. In this study almost all samples have Cw value less than 100 
Bq/l, so remedial measures is not needed, if Cw values is more than 100 Bq/l 
then some remedial measures has to be taken. It is always safer to consume 
borewell water or handpump water after 24 hours, so that the concentration 
of radon will be reduced drastically to 10% of its initial value at the time of 
collection of fresh underground water. If water is collected from borewell or 
handpump are stored in open ventilated tanks for longer time then radon gas 
escapes naturally and almost 70-90% of radon in water will reduce. Aerate 
water before use for household purposes is the best method to reduce radon 
concentration in water. 

The variation of Din, Dig and total AED owing to the presence of radon 
in water samples has been summarized in Table 1. The calculated Din in the 

Din

Dig

The variation in AED with respect to each location is shown in Figure 4. 
Total AED due to Din and Dig of 222

Chunchanakatte, Krishnaraja Sagara, Srirangapatna, Bannur and Belakavadi 
is due to diffusion of radon from nearby rocks to water aquifers. In this study 
all the water samples collected from different locations are having AED 

is more than the recommended value of WHO biological damage begins, 
stochastic cancer risk and also lung cancer risk will increase very sharply, 
higher value of AED damage Bronchial epithelium, lung stem cells chronic 

formation and somatic mutations [27]. 

It is always better to keep all windows and doors open in dwellings at 
least once a week, or whenever possible, so that indoor air exchanges with 
outdoor air. Hence, the concentration of radon in indoor air decreases. Thus, 
ingestion and inhalation of radon are reduced. 

Cw in the present study area has been compared with different locations 
in India  and the world scenario is shown in Table 2. Many researchers 
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across the globe have reported that Cw in surface water samples is less 
than that of ground water samples. In India, the minimum level of Cw was 
found in surface water and ground water of Hanumangarh district due to 
lower concentrations of radionuclides in rocks and soil [29]. Maximum Cw 
in drinking water was found at South Bangaluru district, Karnataka due to 
the presence of younger granitic plutonic rocks [14]. In globe Iraqi markets 
drinking bottled water and carbonated beverages had lower Cw is due to 

beverages [30]. Maximum Cw in drinking water was found in groundwater 
in the Jurassic granite is due to very high uranium concentrations in granite 
aquifer [31]. All these studies across the globe, clearly indicate that surface 
water has less CRn compared to ground water.

Table 1: C
Rnw 

and AED of drinking water in the study area.

Location
Logitude 

and 
latitude

water

C
Rnw  

Mean ±SD

D
in

µSv/y

Dose
to lungs
µSv/y

Dig

µSv/y

Dose 
to The 

Stomach 
µSv/y

AED
µSv/y

1. Thalakaveri
75° 3' 8'' E,
12° 23' 9'' N

Bore well 
samples (BWS)

11.81±0.38 29.76 3.57 2.48 0.30 32.24

Surface water 
samples (SWS)

0.81±0.17 2.05 0.25 0.17 0.02 2.22

2. Cherangala 
75° 30' 59'' E, 
12° 22' 47'' N

Hand pump 
water samples 
(HWS)

5.14±0.27 12.95 1.55 1.08 0.13 14.03

SWS 0.52±0.15 1.32 0.16 0.11 0.01 1.43

3. Bhagamadala
75° 31' 49'' E, 
12° 23' 6'' N

BWS 5.91±0.27 14.89 1.79 1.24 0.15 16.13
SWS 1.71±0.15 4.31 0.52 0.36 0.04 4.67

4. Chettimane
75° 34' 30'' E, 
12° 22' 41'' N

HWS 5.57±0.15 14.03 1.68 1.17 0.14 15.20
SWS 2.38±0.18 6.00 0.72 0.50 0.06 6.50

5. Cherambane
75° 37' 11'' E, 
12° 22' 17'' N

BWS 8.76±0.17 22.08 2.65 1.84 0.22 23.92
SWS 5.61±0.25 14.13 1.69 1.18 0.14 15.30

6. Napoklu
HWS 8.26±0.19 20.82 2.50 1.73 0.21 22.55
SWS 2.88±0.16 7.26 0.87 0.60 0.07 7.86

7. Bettigeri
BWS 9.69±0.17 24.41 2.93 2.03 0.24 26.45
SWS 0.71±0.18 1.80 0.22 0.15 0.02 1.95

8. Suntikoppa
12° 26' 56'' N

HWS 11.34±0.34 28.57 3.43 2.38 0.28 30.95
SWS 5.48±0.16 13.81 1.66 1.15 0.14 14.96

9. Siddapura
BWS 9.29±0.30 23.42 2.81 1.95 0.23 25.37
SWS 0.78±0.17 1.96 0.23 0.16 0.02 2.12

10. Guddehosur
75° 54' 50''E, 
12° 26' 29'' N

HWS 14.08±0.36 35.49 4.25 2.96 0.35 38.44
SWS 0.72±0.17 1.82 0.22 0.15 0.02 1.97

11. Kaveri  
      Nisragadhama

75° 56' 16'' E, 
12° 25' 36'' N

BWS 13.40±0.36 33.78 4.05 2.81 0.34 36.59
SWS 0.77±0.16 1.93 0.23 0.16 0.02 2.09

12. Kushalnagara
75° 57' 22'' E, 
12° 26' 13'' N

BWS 12.99±0.33 32.74 3.93 2.73 0.33 35.46
SWS 6.31±0.18 15.90 1.91 1.32 0.16 17.22

13. Sirangala
HWS 9.35±0.28 23.56 2.82 1.96 0.23 25.52
SWS 0.83±0.27 2.10 0.25 0.17 0.02 2.27
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14. Ramanathapura
BWS 9.40±0.29 23.68 2.84 1.97 0.24 25.66
SWS 0.91±0.16 2.30 0.28 0.19 0.02 2.49

15. Keralapura
HWS 7.92±0.28 19.95 2.39 1.66 0.20 21.62
SWS 0.88±0.16 2.21 0.26 0.18 0.02 2.39

16. Hanasoge
HWS 8.35±0.28 21.03 2.52 1.75 0.21 22.79
SWS 0.84±0.17 2.12 0.25 0.18 0.02 2.30

17. Chunchanakatte
BWS 60.13±0.46 151.54 18.17 12.63 1.51 164.17

SWS 1.83±0.12 4.61 0.55 0.38 0.05 4.99

18. Krishnaraja Sagara
75° 34' 18'' 
E,12° 24' 34'' N

BWS 99.66±1.59 251.14 30.11 20.93 2.50 272.07

SWS 8.76±0.26 22.08 2.65 1.84 0.22 23.92

19. Srirangapatna
BWS 61.29±1.44 154.45 18.52 12.87 1.54 167.32
SWS 4.59±0.18 11.57 1.39 0.96 0.12 12.53

20. Bannur
BWS 55.65±1.24 140.23 16.81 11.69 1.40 151.91
SWS 5.50±0.18 13.85 1.66 1.15 0.14 15.00

21. Tirumakudalu 
Narasipura

76° 54' 30'' E , 
12° 12' 55'' N

BWS 28.66±0.58 72.22 8.66 6.02 0.72 78.23
SWS 1.24±0.12 3.11 0.37 0.26 0.03 3.37

22. Chowhalli
HWS 31.96±0.59 80.53 9.66 6.71 0.80 87.24
SWS 4.51±0.14 11.36 1.36 0.95 0.11 12.31

23. Nilsoge
BWS 40.02±0.66 100.85 12.09 8.40 1.01 109.25
SWS 6.49±0.15 16.35 1.96 1.36 0.16 17.71

24.Madhapura
HWS 39.85±0.60 100.43 12.04 8.37 1.00 108.80
SWS 4.71±0.14 11.87 1.42 0.99 0.12 12.86

25.Hiriyuru
BWS 31.05±0.54 78.26 9.38 6.52 0.78 84.78
SWS 5.92±0.14 14.92 1.79 1.24 0.15 16.16

26.Hemmige
HWS 25.68±0.56 64.72 7.76 5.39 0.65 70.11
SWS 4.61±0.14 11.63 1.39 0.97 0.12 12.60

27.Vadayanadanahalli
HWS 27.28±0.59 68.75 8.24 5.73 0.69 74.48
SWS 5.91±0.14 14.91 1.79 1.24 0.15 16.15

28.Talakadu
77° 1' 33'' E , 
12° 10' 27'' N

HWS 41.50±0.68 104.59 12.54 8.72 1.04 113.30
SWS 0.90±0.19 2.27 0.27 0.19 0.02 2.46

29.Kaveripura
BWS 42.70±0.65 107.61 12.90 8.97 1.07 116.58
SWS 0.71±0.16 1.78 0.21 0.15 0.02 1.93

30. Belakavadi
BWS 54.81±1.08 138.13 16.56 11.51 1.38 149.64
SWS 6.26±0.17 15.78 1.89 1.32 0.16 17.10

31. Shivanasamudra
BWS 45.36±0.68 114.30 13.70 9.52 1.14 123.82
SWS 1.66±0.12 4.18 0.50 0.35 0.04 4.53

32. Maruthi temple, 
      Muthathi 

BWS 34.16±0.57 86.09 10.32 7.17 0.86 93.27
SWS 6.73±0.18 16.95 2.03 1.41 0.17 18.36

33. Sangama
77° 26' 30'' E , 
12° 16' 29'' N

BWS 47.60±0.69 119.96 14.38 10.00 1.20 129.96
SWS 3.00±0.10 7.57 0.91 0.63 0.08 8.20

Minimum 0.52±0.10 1.32 0.16 0.11 0.01 1.43

Maximum 99.66±1.59 251.14 30.11 20.93 2.50 272.07

Geo. Mean 6.67±0.27 16.80 2.01 1.40 0.17 18.20
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Table 2: Comparison of water CRn in India and World scenario

sample
Range in CRnw

Rnw

Worldwide

Nigeria Drinking water 
samples(DWS) 1.6 to 271 35.9 [32]

Sudan Well water 
samples (WWS) 3.05 to 57.46 14.24 [33]

Iraq DWS and 
Carbonated drinks

0.0354 to 0.2480.0354 
to 0.283

0.11265
0.1418

[34]

Iran DW 3.79 to 4.17 - [35]

Giresun University 
campus, 76 to 504 193.7 [36]

middle Korea Ground water 
samples (GWS) 1.48 to 865.8 211.29 [37]

South Korea GWS 0.1 to 2393.5 86.6 [37]

Kosovo Spring water 
samples (SWS) 0.34  to 341 - [38]

Bibala GWS 5.3 to 42 - [39]
Brazil 0.95-36 36 [40]
Greece 0.8-24 5.4 [41]
Cyprus 0.3-20 5.9 [41]
China 0.71-3735 [42]
Saudi Arabia 0.04–67.44 [43]
India 

Hemavathi River 
basin DWS 2.7 to 138.5 25.3 [44]

Haryana, India DWS 16.06  to 57.35 32.98 [45]
Kabini river basin GWS 1.1-38.9 8.5 [46]
Rajasthan India DWS 12.5  to 862 - [47]
Hanumangarh 
district,

India

SWS

GWS

0.12 to 2.07

1.61 to 8.73

0.62

2.24
[29]

Barnala District 
Punjab, India GWS 0.17—9.84 3.01 [29]

South Bangaluru 
district, Karnataka

GWS (Zone A) 
GWS (Zone B) -

257

651
[14]

Shimoga district , 
Karnataka 3.10-38.50 13.60 [48]

Uttara Kannada 
district (Coastal 
region)

GWS 2.37- 171.35 22.62 [19]

Ramanagara and 
tumkur districts , 
Karnataka

GWS 2.96- 299.06 54.53 [49]

Present study DWS (GWS and 
SWS) 0.52 -99.66 6.67 -
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Figure 3: Histogram of C
Rnw 

in BWS, HWS and SWS

Figure 4: Histogram of the AED of water samples

 

Total annual effective dose  received by the stomach due to 222Rn in 
water for different age groups [16].

       (4)

where DWI is daily water consumption, and F is 10  Sv/Bq and T is 365 
days per year, respectively. The annual water intake was used to calculate 
ingestion doses for people of various ages to identify potential health risks 
from radon exposure. From Table 3, it is found that adults, pregnant women, 
and in the Lactation period receive higher ingestion doses. In Infants and 
Children, the GM value for the ingestion dose received is 17.04 to 19.47 

than in other age groups due to immature lung tissue. Male adults receive 
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for higher EIng is fully developed lungs and stable metabolism, enhance 
ingestion dose to stomach. In the case of Pregnancy and lactation period EIng 

EIng is due to more consumption 

radon to stomach wall and soft tissue. Consequences on health due to radon 
exposure by different age groups are different because different age groups 
have different lung development, breathing rate and metabolism. High dose 
has been received by adults, Pregnancy and in lactation period leads to DNA 
stand breakage, high somatic mutations and faster progression of lungs and 
stomach cancer [25, 49].

Table 3:  due to 222Rn in drinking water [22]

Age group in years DWI EIng 

Min Max Geo. Mean

Infants 0-0.5 0.7 1.32 254.63 17.04
0.7-0.8 0.8 1.51 291 19.47

Children 1-3 1.3 2.46 472.88 31.64
4-12 1.7 3.22 618.39 41.38

Males 9-13 2.4 4.55 873.02 58.42
4-18 3.3 6.26 1200.4 80.34

Adults 3.7 7.02 1345.91 90.07
Females 9-13 2.1 3.98 763.89 51.12

4-18 2.3 4.36 836.64 55.99
Adults 2.7 5.12 982.12 65.73

Pregnancy 19-50 3 5.69 1091.28 73.03
Lactation 19-50 3.8 7.21 1382.28 92.15

4. Conclusions
The data in the present study shows that Cw samples widely varies due 
to diverse spreading of radionuclides present in granite, Charnokite and 
gnesis. It is noted that 33.3 % of the water samples have higher Cw than the 
recommended value of USEPA. The present study shows that higher Cw is 
present in groundwater than in surface water samples. The geometric mean 

in the study area; hence, the water is safe for consumption and does not 
require any advanced remedial action. Surface water is safer compared to 
hand pump and bore well water samples. Since adults consume more water 
and hence receive higher doses, and also during pregnancy and lactation, a 
higher ingestion dose is received due to plasma volume increase and faster 
systemic distribution of radon, leading to a higher risk of lung and stomach 
cancer.
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