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ABSTRACT 

 
Measurements of radon concentration and physicochemical parameters in ground water have 

been carried out in some parts of the world. These types of studies are very essential for 

assessment of the doses and health risk resulting from consuming water. Radon concentration 

was assessed in water samples taken from hand pumps and bore wells collected from some areas 

of Ramanagara and Tumkur districts, Karnataka, India and were analyzed by using Emanometry 

method. The physicochemical parameters were measured by using standard methods. Radon 

concentration was found in the range of 2.96±0.89 Bq l-1 to 299.06±6.98 Bq l-1 with an average 

value of 54.53±3.12 Bq l-1. Upon comparing the radon concentration values obtained with EPA it 

was found  that about 36 % of the samples had radon concentration value were far below the 

maximum contaminant level of EPA. About 77% of the water samples have a fluoride value 

found to be higher than the maximum permissible limits of 1.5 mg/l recommended by BIS 

Standards. 44% of the water samples have higher nitrate concentration as compared to WHO 

health-based guideline value and BIS value for nitrate in drinking water is of 45 mg/l.  Except 

one, all the recorded values have higher electrical conductivity value recommended by WHO. 

The positive correlation was observed between radon concentrations with Fluoride. There is a 

weak negative correlation was observed between radon concentrations with chloride and sulfate 

respectively. The dose contribution from this source to the stomach is calculated to range from 

0.07 µSv.y-1to 7.53 µSv.y-1 with an average value of 1.12µSv.y-1. The dose contribution from 

this source to the lung is range from 0.89 µSv.y-1  to 90.43µSv.y-1 with an average value of 15.45 

µSv.y-1.The total annual effective dose from the twelve locations (about 40%) of the studied area 

is found to be higher than the safe limit recommended by WHO of 0.1 mSv.y-1. 
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INTRODUCTION 

         Water is an indispensable natural resource on earth. Approximately 71% of the earth’s 

surface is covered with water. Fresh water is found as underground water in large reservoirs 

surrounded by rock called aquifers and surface water. It is an essential and vital component for 

survival of all the living beings. There is a great demand for pure water because the groundwater 

and surface water are highly polluted due to urbanization and industrialization. Out of the total 

amount of global water, only 2.4% is distributed on the main land, of which only a small portion 

can be utilized as fresh water. Ground water is the principal source of drinking water in both 

rural and urban parts of India. The quality of ground water vary with geology of the particular 

area, depth of water table, seasonal changes, composition of dissolved salts depending upon 

sources of salt and surface environment.Ground water is a weak electrolyte containing various 

elements and their associated radicals in ionic equilibrium. The major cations determined are 

calcium, magnesium, sodium and potassium. The major anions are carbonates, nitrate, 

bicarbonates, chloride and sulphate. The other parameters determined are total dissolved solids, 

total hardness, pH, iron and Radon, a natural radioactive gas. 222Rn is a naturally occurring 

radioactive noble gas in the environment formed by radioactive decay of 226Ra. It undergoes 

radioactive decay by emission of alpha particles with a characteristic half-life of 3.82 days. It 

decays by emission of alpha particle to form radon decay products, which could be divided into 

short-lived and long-lived progeny species. Radon itself is not responsible for any health 

hazards. Being chemically inert it does not accumulate to a great degree in the body. Primary 

concern is associated with short lived decay products of radon which produces health hazards to 

mankind. Radon is soluble in water and its solubility decreases with increase in temperature. The 

high level of radon in groundwater results from radium presents in the rocks through which 

groundwater flows. Therefore, the high concentration of uranium in the surrounding rocks is the 

sources of high radon in groundwater [1]. Radon concentration in ground water is influenced by 

several factors such as presence of shear zones, degree of metamorphism, soil porosity and 

uranium mineralization [2-4]. Radon concentrations generally differ among different types of 

rocks and can be vary with in the same geological group. Radon dissolved in water can cause 

radiation exposure through inhalation and ingestion. The organ at most risk from radon dissolved 

in water is stomach. When radon or its progeny are inhaled, lung cancer accounts for most of the 

total incremental cancer risk, while ingestion of radon in water is suspected of being associated 

with increased risk of tumors of several internal organs, primarily the stomach [5-6]. The 

potential health risks associated with radon and other naturally occurring radioactive elements 

present in water have increased in relevance in recent years. This is due to the attention directed 

toward the very high radiation doses which infants and young children can receive due to 

consumption of water containing radon and radon decay products [7-9].The changes in quality of 

groundwater response to variation in physical, chemical and biological environments through 

which it passes [10]. Groundwater resource in the study area is widely exploited for irrigation 

and other domestic purposes in addition to drinking purpose. The residents of the study area 

mainly depend on ground water for their drinking purposes. Concentration of radon and 

physiochemical parameters more than their permissible limits in drinking water leads to health 

problems such as water borne diseases, like fluorosis, typhoid jaundice, cholera, premature baby 

and other problems, especially infants [11]. As the radioactive contamination from the tube well 

water is high as compared to other sources like lake and river water, from the health, hygiene, 

and also radiological point of view, the present study is very essential for understanding the 
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relationship between radon concentration and physicochemical parameters and also for the 

estimation of dose due to radon and the assessment of risk due to physicochemical parameters to 

the publics of the study area. 

 

STUDY AREA 

 

The area of the study is Ramanagara and Tumkur districts. Ramanagara district is located in the 

south-eastern part of State at 12˚15΄ latitude and 77˚59΄ in longitude. The flat topped lateritic 

hills are seen in the north-eastern part of the district. Geologically the area belonged to 

peninsular gneisses, younger and older granites, dolerite and amphibolite dykes, laterite, 

charnockite and amphibolite’s and politic schist. In addition to these plenty of granite quarries 

and crushing plants are spread over the entire district, Granite quarrying and crushing is going on 

for the past three decades and density of crushing plants in the district is high. The quarrying 

activities cause air and water pollution. The crushing and mining activities are responsible for the 

emission of dust leading to the redistribution of associated radioactivity in different matrices of 

the environment.  

 

Fig 1: Geology of the study area 
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           The Tumkur district is located between north latitudes 12˚45΄to 14˚20΄ and east longitudes 

76˚20΄ to 77˚31΄.  The district is divided into two zones, the eastern and western hilly zone with a 

plateau in between. The landscape is undulating except in the two hilly regions. A major part of 

Tumkur district is covered by peninsular gneisses, closepet granite and Dharwar Schist and 

intrusive like dyke, pegmatite, and quartz veins [12]. The closepet granites are chiefly composed 

of medium to coarse grained phorphoritic granite. The main rock types in the Dharwar group are 

hornblende schist, with quart-seritite, limestone with chart bands and quartzite and quartzite-

chlorite schist. The major industries are that of chemicals, oil, cotton, soap, tools, food 

processing, rice mills, stone crushing and mining. Occurrence, movement and storage of 

groundwater are influenced by lithology, thickness and structure of rock formations. The Fig. 1 

shows the geology of the study area. 

 
MATERIALS AND METHODS 

 

Estimation of radon level in water samples 

 

The activity concentration of 222Rn in ground water was estimated by the Emanometry [13- 14]. 

Schematic diagram of Radon bubbler is as shown in Fig. 2.  

 

The bore well and hand pump water samples were collected from thirty different selected 

locations in and around Ramanagara and Tumkur districts during February and March 2013. In 

order to obtain fresh water from bore well, the water was allowed run fully at least five or ten 

minutes before the sample was taken. About 100 ml of water samples were collected in air tight 

plastic bottle with minimum disturbance. The plastic bottles were filled completely in a gentle 

manner, so that zero head space was present. Care was taken to see that no air bubbles were 

seeing inside the container and also to avoid aeration during the sampling processes, which 

might lead to out gassing [15].After collecting the water samples by using the standard 

procedure, the samples were brought to the laboratory with minimal loss of time and were 

analysed immediately. In this method, about 40 to 60 ml of the water samples was transferred 

into the bubbler by the vacuum transfer technique. The dissolved radon in the water was 

transferred into pre-evacuated and background counted scintillation cell. The scintillation cell 

was stored for 180 minutes to allow radon to attain equilibrium with its daughters and then it was 

coupled to a photomultiplier and alpha counting assembly and finally, concentration of radon 

samples have been measured using the relation [14]. 

 

Rn222(BqL−1) =
6.97×10−2×𝐷

𝑉×𝐸×(1−𝑒−𝜆𝑡)×𝑒−𝜆𝑇×𝑒−𝜆𝜃
                       (1) 

 
Where, D = Counts above background, V = Volume of water, E = Efficiency of the 

scintillation cell (74%), λ = Decay constant for radon (2.098×10-6 s-1), T = Counting delay after 

sampling, t = counting duration (s) and   𝜃 = build up time in the bubbler (s).  
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Fig 2: Schematic diagram of Radon bubbler 

 

Estimation of dose due to radon in water samples 

 

The dose due to radon can be divided into two types, namely, the dose from inhalation and the 

dose from ingestion. The effective dose to the ingestion mainly depends upon the amount of 

water consumed by a human being in a day. However, radon gas present in the drinking water 

can also escapes into the indoor air during showering and other domestic uses and can cause a 

significant increase in the risk of lung cancer due to the radon inhaled. Radiation dose to the 

public from waterborne radon is thought to be a higher threat than all other contaminants in 

water [16]. The annual mean effective doses for inhalation and ingestion from radon in water 

have been calculated by using the parameter established in the UNSCEAR report 2000 as 
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𝐷𝐼𝑛  (𝜇𝑆𝑣 𝑦−1 ) = 𝐶𝑅𝑛𝑊  ×   𝑅𝑎𝑊   ×   𝐼  ×   𝐷𝐶𝐹(2) 

 

Where, DInis the effective dose for inhalation, CRnW is the radon concentration in water (Bq.l-l or 

kBq.m-3), RaW is the radon in air to the radon in water (10-4), F is the equilibrium factor between 

radon and its progenies (0.4), I is the average indoor occupancy time per individual (7000 ha-1) 

and DCF is the dose conversion factor for radon exposure (9 nSv (Bqhm-3)-1). 

 

𝐷𝐼𝑔 (𝜇𝑆𝑣 𝑦−1 ) =  𝐶𝑅𝑛𝑊  ×  𝐶𝑊  × 𝐸𝐷𝐶                             (3) 

 

Where, DIg is the effective dose for ingestion, CRnW is the radon concentration in water (Bq.l-l), 

Cwis the weighed estimate of water consumption (60 La-1) and EDC is the effective dose 

coefficient for ingestion (3.5 nSvBq-1), respectively.  

      The dose contribution from this source to the lungs and stomach is calculated by multiplying 

the inhalation and ingestion dose by tissue weighting factor for lung and stomach respectively.  

 
Measurement of water physicochemical parameters 

After pumping out the sufficient quantity of water from the source about 1 litre of water samples 

were collected in polythene containers for physicochemical analysis. 0.5 litre of water samples 

used for the determination of physicochemical parameters such as pH, colour, electrical 

conductivity, total dissolved solids, chlorides, total hardness, calcium hardness, nitrates, 

sulphates, iron, fluorides and lead. Using standard methods like ion selective electrode method is 

used to find fluoride. UV spectrophotometric method is used to find Nitrate.EDTA trimetric 

method is used for Total hardness, Phenanthroline spectrophotometric method is used for the 

detection of Total ironand water quality kit is used for monitoring pH, conductivity and TDS in 

groundwater. 

 

RESULTS AND DISCUSSION 

 

Analysis of 222Rn concentration in ground water 
 

       The measurement of radon concentrations in and around Ramanagara and Tumkur districts 

was performed for the first time by analyzing the drinking water. The main purpose to 

monitoring the amount of radon in ground water is its usage for various purposes, such as 

drinking, washing, irrigation, bathing, etc. The recorded average values of 222Rn concentrations, 

inhalation, ingestion and equivalent effective doses due to the 222Rn to the public were 

summarized in Table 1.  
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Table 1.Average Radon concentration and average annual effective dose from different bore well 

water samples in     different locations of Ramanagara and Tumkur districts. 

Places 
Radon 

(Bq.l-1) 

Inhalation 

(µSv y-1) 

Lung 

(µSv y-1) a 

Ingestion 

(µSv y-1) 

Stomach 

(µSv y-1) b 

Total dose 

(µSv y-1) c 

Tumkur district 

Siddagangamata 29.22±1.32 73.63 8.83 6.13 0.73 79.76 

Hanumanthapura 42.2±3.65 106.34 12.76 8.82 1.05 115.16 

Antharasanahalli 18.73±2.43 47.19 5.66 3.93 0.47 51.12 

Korategere near the hills 55.37±3.24 138.61 16.63 11.55 1.38 150.16 

Korategere city  9.69±1.01 24.41 2.92 2.03 0.24 26.44 

Tumbadi 75.11±2.76 189.01 22.68 15.75 1.89 204.76 

Keregalapallya 35.01±2.01 88.2 10.58 7.35 0.88 95.55 

Jumpenahalli 17.34±1.98 43.69 5.24 3.64 0.43 47.33 

Makenahalli 47.31±3.77 119.22 14.31 9.93 1.19 129.15 

Nagenahalli 209.2±8.45 527.18 63.26 43.93 0.27 571.11 

Dodderi 299.06±6.98 753.63 90.43 62.8 7.53 816.43 

Ramanagara District (Ramanagara Region) 

Madapura gate 7.5±1.23 18.9 2.26 1.57 0.18 20.47 

Basavanapura 3.96±1.08 9.97 1.19 0.83 0.09 10.8 

Palabovidoddi 8.45±1.76 21.29 2.55 1.77 0.21 23.06 

Ramanagara 64±3.98 161.28 19.35 13.44 1.61 174.72 

Vaderahalli 4.82±1.11 12.14 1.45 1.01 0.12 13.15 

Ramagiri 11.19±2.01 28.19 3.38 2.34 0.28 30.53 

Kethohalli 7.95±1.90 20.03 2.41 1.66 0.19 21.69 

Mayaganahalli 10.96±1.39 27.61 3.31 2.31 0.27 29.92 

Suggenahalli 2.96±0.89 7.45 0.89 0.62 0.07 8.07 

Hallimala 6.21±1.87 15.64 1.87 1.31 0.15 16.95 

Thibbegowdanadoddi 105.9±4.98 266.86 32.02 22.23 2.66 289.09 

Madarasabardoddi 120.8±3.28 304.41 36.52 25.36 3.04 329.77 

Kanakapura Region 

Alanahalli 11.19±1.30 28.19 3.38 2.34 0.28 30.53 

MaraleBekuppe 198.54±3.98 500.32 60.03 41.69 5.01 542.01 

Maharajankatte 82.95±6.66 209.03 25.08 17.41 2.08 226.44 

Thimmanahalli 35.23±2.98 88.77 10.65 7.39 0.88 96.16 

Kallagopahalli 37.22±2.01 93.79 11.25 7.81 0.93 101.6 

Mahimanahalli 18.47±1.41 46.54 5.58 3.87 0.46 50.41 

Kabballi 59.5±2.58 149.94 17.99 12.49 1.49 162.43 

Average  54.53±3.12 128.79 15.45 10.72 1.12 139.52 

Maximum 299.06±6.98 753.63 90.43 62.8 7.53 816.43 

Minimum 2.96±0.89 7.45 0.89 0.62 0.07 8.07 
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a Dose contribution from radon to the Lung. 
b Dose contribution from radon to the stomach. 
c The total dose contribution from both inhalation and ingestion of radon.  

 

The activity concentration of 222Rn in groundwater of Tumkur district varies from varies from 

9.69±1.01 Bq l-1 to 299.06±6.98 Bq l-1 with an average value of 84.09±3.52 Bq l-1. In the 

Ramanagara district these values are varies from 2.96±0.89 Bq l-1 to 198.54±3.98 Bq l-1with an 

average value of 41.99±1.21 Bq l-1 respectively. The radon concentration in the ground water 

samples for whole area of the studied region varies from 2.96±0.89 Bq l-1 to 299.06±6.98 Bq l-1 

with an average value of 54.53±3.12 Bq l-1. The higher activity concentration of radon in ground 

water were observed in Nagenahalli and Dodderi of Tumkur district, Maralebekuppe, 

Maharajakatte , Thibbegowdanadoddi and Madarasabardoddi of Ramanagara district. Radon 

concentration in water varies over a wide range in this study. Radon in water depends on the 

local geology, radium and uranium dissolved in water and hydro geological conditions and rock 

of the aquifer and the presence of thrusts, faults and shears which facilitate upward migration of 

radon gas [17- 18].High radon concentration appears due to the fact that these areas are attributed 

by gray pink granite rocks; these rocks contain higher activity of radionuclides. They are 

younger than altered and gray granite rocks [19- 21]. The variation of the radon concentration of 

each water samples may be the different geological structure of the aquifer where these waters 

originate [22]. The minimum 222Rn concentrations were observed at Korategere city of Tumkur 

district and Vaderahalli, Basavanapura and Suggenahalliof Ramanagara district.  This is due to 

the fact that all the locations are attributed by gray granites and dolerites, these rocks contains 

lower activity of radionuclides when compared to gray pink granites. In general areas where rock 

types consist of schist and phyllites have lower radon values are recorded. Finally we conclude 

that radon concentration in water primarily depends on the lithology, structural attributes and the 

presence of uranium minerals in rocks [23]. 

    US Environment Protection Agency has proposed that the allowed maximum contamination 

level (MCL) for radon concentration in water is 11Bq l-1. It was observed that 36 % of the 

samples had radon concentration below this recommended value. The remaining 64% of the 

samples from the study area the recorded values were found to be higher than the recommended 

value [24]. The United Nations Scientific Committee on the Effects of Atomic Radiation has 

suggested a value of radon concentration in water for human consumption between 4 and 40 Bq 

l-1.when the measured values are compared with this and it was observed that 40% of the 

samples, the recorded values were found to be higher than the value of radon concentration in 

water for human consumption (4–40 Bq l-1) suggested by the UNSCEAR [25]. Similarly, World 

Health Organization (WHO) has recommended 100 Bq l-1 of radon activity in water as a safe 

limit for drinking purposes [26]. From this study it is evident that except 16% all remaining 

water samples analyzed can be considered as safe for household use and drinking according to 

the limits of WHO. When the recorded radon concentration values were compared with the 

European Commission recommendations on the protection of the public against the exposure to 

radon in drinking water supplies, which recommends the action level of 100 Bq l-1 for 

publicwater supplies [27], all the recorded values except 16% of the samples were found to be 

well below the action level and hence safe for drinking purposes. 

     In the present study, the inhalation, ingestion doses, dose contribution to the stomach and 

lungs and annual effective doses from different ground water samples are summarized in Table 

1. The estimated inhalation and ingestion dose is varies from 7.45 µSv.y-1 to 753.63 µSv.y-1 with 
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an average value of 128.79 µSv.y-1 and 0.62 µSv.y-1 to 62.8 µSv.y-1 with an average value of 

10.72 µSv.y-1 respectively. The estimated annual effective dose due to radon inhalation and 

ingestion is ranges from 8.07µSv.y-1to 816.43 µSv.y-1 with an average value of 139.52µSv.y-1. 

The dose contribution from this source to the stomach is calculated to range from 0.07 µSv.y-1 to 

7.53 µSv.y-1 with an average value of 1.12 µSv.y-1 and similarly the dose contribution from this 

source to the lung is calculated to range from 0.89 µSv.y-1 to 90.43µSv.y-1 with an average value 

of 15.45 µSv.y-1. The World Health Organization [28] and EU Council [29] recommended the 

safe limit of the annual effective dose received from drinking water consumption to be 0.1 

mSv.y–1 from these three radioisotopes: 222Rn, 3H 40K. So the total annual effective dose from the 

twelve locations (about 40%) of the studied area is found to be greater than the safe limit. 

     The value of radon concentrations obtained in groundwater was compared with those reported 

by the other investigators in different parts of the world are summarized in Table 2. From the 

table it is evident that, Radon concentration value obtained from water samples in this present 

investigation generally lay above the range reported by other investigators except the radon 

concentration values reported in Kenya, in Busan, South Korea andin Garhwal Himalayas as 

given in Table 2. 

 

Table 2.Comparison of radon concentration in groundwater with those reported by the other 

investigators in different parts of the world. 

Region 

Radon concentration in water (Bq l-

1) References 

 

Range Mean value 

 Brazil 0.95–36 36 (30) 

Pakistan 2.0–7.9 - (31) 

Kenya 0.8–371.7 - (32) 

Busan, South Korea 0–300.0 - (33) 

Greece 0.8–24.0 5.4 (34) 

Bursa, Turkey 1.46–53.64 - (35) 

Transylvania, Romania 0.5–129.3 15.4 (36) 

Bathinda, India 0.9–5.1 2.63 (37) 

Northern Rajasthan, India 0.5–85.7 9 (38) 

Garhwali Himalaya, India 8.0–3050 510 (39) 

Cyprus 0.3–20 5.9 (40) 

Eastern Doon Valley, outer Himalaya,            

Ramanagara and Tumkur, India 

25.4–92.5 

2.96-299.06 

53.5  

54.53 

(41) 

Present study 

 

Analysis of Physicochemical parameters of ground water 
 

The physicochemical parameters of water such as chloride, Fluoride, nitrite, sulfate,pH, 

conductivity, TDS also measured in order to know about the impact of these parameters on radon 

concentration and their health risks to the publics are discussed.  
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Table 3.The summary of physicochemical parameters measured in water from 27 bore wells in 

Ramanagara and Tumkur District. 

Places 
Radon 

(Bq/l) 
Chloride    

(mg/l) 

Fluoride     

(mg/l) 

Nitrate  

(mg/l) 

Sulfate  

(mg/l) 

pH 

Value TDS 

Electrical 

conductivity 

(μS cm−1) 

Lead  

(mg/l) 

Tumkur district 

Siddagangamata 29.22 67 2.21 0.21 76.1 7.57 435 740 - 

Hanumanthapura 42.2 95 0.57 10.2 89.2 7.53 570 1000 - 

Antharasanahalli 18.73 36 0.72 0.24 3.4 7.12 220 375 - 

Korategere 9.69 246 2.46 28.6 166 7.35 1090 1021 - 

Jumpenahalli 17.34 185 1.86 26 214 7.21 501 701 - 

Makenahalli 47.31 297 2.76 56 296 7.1 643 699 - 

Nagenahalli 209.2 302 3.09 45 69 7.16 596 810 - 

Dodderi 299.06 322 3.25 78 77 7.51 760 865 - 

Ramanagara District (Ramanagara Region) 

Madapura gate 7.5 450 1.7 55 65 7.12 620 710 - 

Basavanapura 3.96 425 1.67 45 49 7.1 525 620 - 

Palabovidoddi 8.45 500 1.82 66 45 7.3 670 725 - 

Ramanagara 64 625 1.84 76 52 7.4 655 730 - 

Vaderahalli 4.82 436 1.75 48 57 7.18 610 690 - 

Ramagiri 11.19 675 1.6 28 89 7.35 735 712 - 

Kethohalli 7.95 715 1.5 35 96 7.24 708 650 - 

Mayaganahalli 10.96 750 1.25 100 150 7.18 850 768 - 

Suggenahalli 2.96 498 1.56 42 125 7.5 756 745 - 

Hallimala 6.21 556 1.76 98 146 7.42 645 746 - 

Thibbegowdanadoddi 105.9 535 1.58 135 86 7.10 612 735 - 

Madarasabardoddi 120.8 776 1.69 165 145 7.26 747 730 - 

Kanakapura Region 

Alanahalli 11.19 36 4.81 1.06 62.5 7.34 420 690 - 

MaraleBekuppe 198.54 82 3.05 1.09 75 7.12 680 1150 - 

Maharajankatte 82.95 81 2.15 44.6 89 7.23 780 780 - 

Thimmanahalli 35.23 59 1.42 25.6 63.4 7.05 410 685 0.12 

Kallagopahalli 37.22 199 3.48 64.6 201 7.04 1040 1650 - 

Mahimanahalli 18.47 286 1.52 486 263 7.24 1685 2600 - 

Kabballi 59.5 174 1.42 31.7 175 7.28 1100 1910 - 

Average 53.71 348.44 2.01 66.36 123.42 7.28 706.03 897.66 0.12 

Maximum 299.06 776 4.81 486 296 7.57 1685 2600 - 

Minimum 2.96 36 0.57 0.21 3.4 7.04 410 375 - 
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    The Physicochemical parameters of water are summarized in Table 3. The samples collected 

showed considerable variations in the quality of groundwater [42-43].This might be due to 

irregular distribution of rocks or due to variation in the depth of sample points. The chemical 

composition of ground water differs by geologic unit, as does radon concentration, because of 

differences in mineralogy of aquifer materials. The observed ranges of the samples were 

compared with Bureau of Indian Standards (BIS- 10500: 1991) and also with WHO values, are 

summarized in Table 4. 

 

Table 4. Statistical summary of physicochemical parameters measured in water from 27 bore 

wells. 

Constituent  Observed range Mean 

Standard Limits 

(BIS-10500: 1991) 

WHO 

Standards 

   

Acceptable 

limit 

Maximum 

Permissible  

limit 

 

 

Chloride   (mg/l) 36-776 348.44 250 1000 200 

Fluoride    (mg/l) 0.57-4.81 2.01 1 1.5 1 

Nitrate      (mg/l) 0.21-486 66.36 45 100 45 

Sulphate   (mg/l) 3.4-296 123.42 200 400 200 

pH Value 7.04-7.57 7.28 6.5-8.5 No relaxation 7.5-8.5 

TDS 220-1680 706.03 500 2000 500 

Electrical conductivity 375-2600 897.66 400 1000 600 

Total hardness  75-2500 225 300 600 100 

 

pH is a measure of the hydrogen ion concentration in water and indicates whether the water is 

acidic or alkaline. The measurement of alkalinity and acidity of pH is required to determine the 

corrosiveness of the water. From the above Tables 3, the results shows that, the pH value of the 

samples in the study area varied from 7.04 - 7.57 with a mean of 7.28.  The safe limit for pH as 

recommended by [44] WHO is 7.0-8.5 and similarly the safe limit for pH as recommended by 

BIS is 6.5-8.5.  It was noticed that the pH value of the water appears to be dependent upon the 

relative quantities of calcium, carbonates and bicarbonates. The water tends to be more alkaline 

when it possesses carbonates [45].High value of pH may results due to waste discharge, 

microbial decomposition of organic matter in the water body. If pH is beyond the permissible 

limit, it damages the mucous membrane of cells. All the water samples have a pH value within 

the safe limit recommended by WHO and BIS. Fig. 3 shows that there is no correlation observed 

between pH value and radon concentration. This is mainly due to the fact that radon is an inert 

gas. 
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Fig 3:The relation between pH (water quality parameter) and the concentration of 222Rn 

 

     Water source in its natural form itself might contain a variable quantity of inorganic salts 

dissolved in it. Total Dissolved Solids (TDS) indicate the nature of water quality for salinity. The 

concentration of TDS in natural water is usually less than 500mg/l, while more than 500mg/l is 

undesirable for drinking and many industrial uses. The total dissolved solids (TDS) in the study 

area varied from 220 –1680 mg/l with a mean value of 703.03 mg/l. The TDS value for all the 

water samples are well within the maximum permissible limit recommended by BIS of 2000 

mg/l. High value of TDS influences the taste, hardness and corrosive property of the water. The 

high values of TDS causes gastrointestinal irritation to the human beings but long time use of 

water with high TDS can cause kidney stones and heart diseases [46]. The relation between 

radon concentration and TDS is as shown in Fig.4. It indicates that there is no correlation 

between radon and TDS. 

 
Fig 4: The relation between TDS and the concentration of 222Rn 

    Chloride in ground water can be caused by industrial or domestic waste. The chloride 

concentration serves as an indicator of pollution by sewage.  The origin of chloride in surface 

and groundwater may be from diverse sources such as weathering and leaching of sedimentary 

0 50 100 150 200 250 300

7.0

7.1

7.2

7.3

7.4

7.5

7.6

p
H

  v
al

u
e 

222
Rn   in Bq / l

R
2
=0.022

SD=0.15

0 50 100 150 200 250 300

200

400

600

800

1000

1200

1400

1600

1800

   
T

D
S

 

222
Rn  in  Bq / l

  R
2
  = 0.01

  SD = 284.86



International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com  Page 653 
 
 

rocks and soils, domestic and industrial waste discharge, etc. A high concentration of chlorides 

affects growth of vegetation and imparts an increase in corrosiveness of metals. Chloride in 

excess of 100mg/l imparts a salty taste and may cause physiological damages. Water with high 

chloride content usually has an unpleasant taste and may be objectionable for some agricultural 

purposes. In the present study the chloride content varies from 36 – 776 mg/l with a mean value 

of 348.44 mg/l.  All the recorded chloride values were found to be well within the maximum 

permissible limit of BIS. Naturally, chloride occurs in all types of waters. The contribution of 

chloride in the groundwater is due to minerals like apatite, mica, and hornblende and also from 

the liquid inclusions of igneous rocks [47].There is a weak negative correlation were observed 

between radon content and chloride (Fig. 5). This is because, the high chloride suggest the 

influence of septic tank effluents. In any case, these high values are taken to indicate rapid 

recharge from land surface there by lowering radon concentration[48- 50]. 
 

 

Fig 5:The relation between Chloride and the concentration of 222Rn 

The main source of fluoride in ground water is fluoride bearing rock such as fluorspar, fluorite, 

cryolite, fluorapatite and hydroxylapatite [51].The factors responsible for ground water 

contamination with fluoride are geological factors such as weathering of minerals, rock 

dissolution and decomposition containing fluoride over a long period of time resulting in the 

leaching it into ground water. An anthropogenic factor such as industrial process liberates higher 

concentration of fluoride into atmosphere [52]. Fluoride content in the study area varied from 

0.57 – 4.81 mg/l with a mean value of 2.01mg/l respectively. Fluoride concentrations vary with 

the type of rock the water flows through but do not usually exceed 10 mg l−1 [53]. This study 

shows that about 77% of the water samples have a fluoride values found to higher than the 

maximum permissible limits of 1.5 mg/l recommended by BIS Standards. Fluorides samples 

which exceeded the acceptable limit are not recommended for consumption without treatment. 

Fluoride is considered as an essential element though health problems may arise from either 

deficiency or excess amount [54].Much of the fluoride entering the human body is obtained from 

drinking water [55]. Fluoride concentration of 0.4 ppm in drinking water causes mild type of 

dental fluorosis [56]. The positive correlations were observed between the fluoride content in 

ground water with radon concentration, having a correlation coefficient of 0.37 (Fig. 6). The 

Spearman’s rank test [57] reveals a statistically significant correlation between the concentration 

of radon and fluoride. The fluorine present in the granites is geochemically associated with the 

0 50 100 150 200 250 300

0

100

200

300

400

500

600

700

800

C
hl

or
id

e 
 in

  m
g 

/ l

222
Rn in  Bq / l

  R
2
 = - 0.096

  SD = 241.6



International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 2, March-April 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com  Page 654 
 
 

occurrence of uranium bearing minerals and thus higher radon levels were found. This is because 

the fluoride, reacting with uranium, would increase the uranium mobility to fractured surfaces 

[58]. The fluorine in granites is geochemically associated with the occurrence of U-bearing 

minerals and thus both of these elements occur in granite areas. Therefore, the fluoride is 

considered to be a geochemical marker indicative of conditions favourable for high radon 

production in granite rocks [59]. 

 
Fig 6:The relation between Fluoride and the concentration of 222Rn 

     Nitrate concentration in the study area ranged from 0.21– 486 mg/l with a mean concentration 

of 66.36 mg/l which indicates that the groundwater has affected by nitrate. Human and animal 

wastes, industrial effluents, application of fertilizers and chemicals, seepage and silage through 

drainage system are the main sources of nitrate contamination of groundwater [60-61]. Water 

with high nitrogen concentration is used for drinking, it causes diseases like 

methaemoglobinaenia. About 44% of the water samples have higher nitrate concentration as 

compared to WHO health-based guideline value and BIS value for nitrate in drinking water is of 

45 mg/l. From the Fig.7, it is confirmed that there is no correlation was observed between the 

radon concentrations in groundwater with nitrate content. 

 

 
Fig 7:The relation between Nitrate and the concentration of 222Rn 
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Sulfate in the study area varied between 3.4-296 mg/l with a mean value of 123.42 mg/l.  The 

presence of sulfate in drinking water may also cause a noticeable taste at concentrations above 

250 mg l−1 and may contribute to the corrosion of distribution systems [62].  A sulfate ion is one 

of the major anions occurring in natural waters. Many sulfate compounds are readily soluble in 

water. In this present study all the recorded sulfate values are well within the maximum 

acceptable limit of 400 mg/l recommended by BIS. A negative correlation was observed between 

sulfate with radon concentration having a correlation coefficient of -0.12 (Fig. 8). The radon 

concentrations in groundwater are negatively correlated with dissolved sulfate concentrations in 

the Schist and Quartzite. Sulfate is negatively correlated to radon activity that is water having 

high sulfate concentration tend have low radon activity. The inverse relation between sulfate and 

radon in rocks of similar compositions, such as the schist’s and quartzite, suggests that the 

correlations may not be due to geochemical controls or that the relation between chemistry of 

ground water and radon is complex [63]. 

 

 
Fig 8:The relation between Sulfate and the concentration of 222Rn 

 

Electrical Conductivity is ability of water to carry an electrical current. This ability mainly 
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The Samples analyzed have electrical conductivity values ranging from 375 to 2600 μS cm−1with 

a mean value of 897.66 μS cm−1, indicating the presence of high amount of dissolved inorganic 

substance in ionized form. The WHO permissible limit for electrical conductivity in water is 600 

µS/cm. Except one all the recorded values have higher electrical conductivity value 
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limit recommended by BIS of 1000 µS/cm. From the Fig. 9, we can conclude that there is no 

correlation between the radon concentrations with electrical conductivity. 
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Fig 9:The relation between Electrical conductivity and the concentration of 222Rn 

 

    One samples form the study area such as Thimmanahalli groundwater samples shows lead 

value of 0.12 mg/l. Except this, all the ground water samples are free from lead. Lead in ground 

water causes necrosis of neurons. Inorganic lead causes axonal degeneration and demyelination. 

Both species of lead may cause cerebral oedema and congestion. Organic lead compounds are 

absorbed quicker, and therefore pose a greater risk. Organic lead derivate may be carcinogenic 

[64]. 

    From Fig. 3 to 9 it is evident that except fluoride, Chloride and Sulphate, none of the major 

ion concentrations showed a significant statistical correlation with radon concentrations. 

 

CONCLUSION 

Based on the results obtained from this study, it is concluded that, 

 About 36% of the samples have radon concentration values are well below the maximum 

contamination limit recommended by the EPA of 11 Bql-1. 

 The higher radon concentrations values were measured in samples collected from Nagenahalli 

and Dodderi of Tumkur district, Maralebekuppe, Maharajakatte, Thibbegowdanadoddi and 

Madarasabardoddi of Ramanagara district. This is due to the fact that these areas are attributed 

by gray pink granite rocks; these rocks contain higher activity of radionuclides. 

 The total annual effective dose from the twelve locations (about 40%) of the studied area is 

found to be greater than the safe limit of 0.1 mSv.y-1 recommended by WHO. 

 The dose contribution from this source to the stomach is range from 0.07 µSv.y-1 to 7.53 

µSv.y-1 with an average value of 1.12 µSv.y-1. 

 The study shows that about 77% of the water samples have a fluoride values found to higher 

than the acceptable limits of BIS Standards. 

 Except Fluoride, Nitrate and electrical conductivity, remaining physicochemical water 

parameters are well below the acceptable limits recommended by BIS (Bureau of Indian 

Standards). 
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 The positive correlation was observed between radon concentration with Fluoride and there is 

weak negative correlation was found between radon concentration with the sulfate and 

chloride. 

 From the present study it is evident that groundwater quality is gradually getting deteriorated 

around the granitic region. 
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