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Abstract

The concentrations of 2?Ra and *’Rn were measured in ground water samples of Davanagere district, Karnataka state, India
using emanometry technique. Activity of 2?Ra and ?*’Rn in groundwater varied from 15.6+3 to 68.9+5 mBql~' and 37 +4
to 245+ 8 Bql™! respectively. More than 53% of the water samples showed higher radon concentration compare to standard
safe limit of 100 Bql™! prescribed by WHO. Effective dose to the public due to >>’Rn in water was found to vary from 0.15

to 1.00 mSvy~! with an average of 0.49 mSvy~'.

Keywords Ground water - Inhalation dose - Ingestion dose - SRM

Introduction

Radium is a naturally occurring radionuclide formed by the
radioactive decay of uranium and thorium isotopes in the
environment. During weathering of rocks, radium can move
in the particulate phase to be transported and deposited in
nearby soil. When ground water moves through rocks and
soil, radium isotopes will be dissolved in water and trans-
ported with it and can be found at low levels virtually in
all types of soils, water, plants and animals. Radium iso-
topes are chemically similar to calcium and are absorbed
by plants and passed on through the food chain to human
beings. When ingested, about 80% of the radium tends to
accumulate in the bones [1]. Surface and groundwater are
the main sources through which humans fulfil their water
requirements and among these, groundwater contains higher
concentrations of radioactive elements [2]. The radionuclide
present in drinking water contributes significantly to the
amount of dose received by living beings.
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222Rn is the radioactive decay product of *Ra, being
an inert gas, it can get transported to the open atmosphere
through soil, water, rocks and eventually in to the human
body through inhalation and ingestion. 2*Rn gets released
from water to indoor air by household activities, such as
showers, cleaning, washing, and so on. Radon gets into
human beings through inhalation and affects lungs and
related organs [3]. Ingestion add dose to the stomach, intes-
tine, and bones. Cancer risk caused by inhalation of radon
is greater than that caused by consumption of water and
there is a strong correlation between radiation exposure and
health hazards among the population in a given environment
depending upon the concentration of radioactive materials
[4-7].

226Ra and ?*’Rn are the important radionuclide from the
radiological significance due to their high level of toxicity.
Among all the natural sources of radiation exposure, 2*2Rn
along with its daughter nuclei contribute more than 50%
of the total population-weighted annual effective dose [8].
Since 22°Rn poses a serious health risk to humans it becomes
very essential to study about its presence in water.

A study of the distribution of *°Ra and **’Rn activity
in the natural water is important in evaluating the radiation
exposure to the population. A large number of studies have
been carried out in different parts of the world about con-
centration of these radionuclide in water [9—13]. However no
such studies have been carried out in the area of Davanagere
district, Karnataka state, India. This study is a first attempt to
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estimate the activity of radon and radium in groundwater and
to estimate the inhalation and ingestion dose to the popula-
tion of Davanagere district, Karnataka state, India.

Study area

The study area, Davanagere district, is located in mid-east-
ern region of Karnataka state, India having a geographi-
cal area of 5931 km? and the lithology map of the region
is shown in Fig. 1. The rock formation is weathered (vary
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Fig. 1 Lithology map of Davanagere district [14]
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from 4.0 to 36.74 m) and fractured comprising of granites,
gneisses and schist belonging to peninsular gneissic group.
Geological formations in the study area are placed under
major sedimentary component called younger schist belt of
Dharwar type [14]. Major part of the region lies in Krishna
river basin, drained by Tunga Bhadra and Chikka Hagari riv-
ers. Southwest monsoon contributes about 58% of the total
rainfall while northeast monsoon contributes about 22% in
the district. The recharge of ground water occurs through
precipitation and irrigation activities. Hydrogeology of the
study area is given in Table 1.
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Table 1 Hydrogeology details Taluk Rock formation Depth of bore  Depth of Depth of

of the study area [14] well (m) aquifers (m)  rock zone

(m)
Davanagere Fractured granitic-gneisses, gneisses and ~ 35-200 8-32 6-30
hornblende schists

Channagiri Granitic-gneisses, Schists and Granites 100-200 3-18 10-23
Harapanahalli Gneisses and Schists 121-200 41-190 6-26
Harihara Schists 87-200 21-51 23-25
Honnali Schists 64-200 21-155 11-22
Jagalur Granitic-gneisses and schists 26-200 4.1-200 6-37

Smart Radon
Monitor

Pump

Water Sample
(60 ml)

Fig.2 Experimental set-up for the measurement of radon concentra-
tion in water samples

The occurrence of radionuclides varies from place to
place on the earth depending on local geology and geog-
raphy. The data generated through the present studies is
expected to provide a clear comprehensive picture of radio-
active elements present in this region and the type of geol-
ogy responsible for the observed level of radioactive ele-
ments in the environmental matrix.

Experimental methods

Measurement of 222Rn concentration in water
samples

The concentration of >’Rn in ground water samples were
evaluated using Smart Radon Monitor (SRM), an instrument
developed by BARC, Government of India and fabricated
by Para Electronics Manufacturing Division [15-17]. SRM
measures alpha from radon and its decay products by using
ZnS (Ag) based scintillation cell which is having a volume
of 150 cm®. Experimental set-up for the measurement of
radon in water samples is shown in Fig. 2. The samples
were collected in air tight bottles of volume 500 ml made of
material of lower permeability. Care was taken such that no
bubbles were formed inside the bottle. Sampling time and
GPS of locations were noted and the measurements were
done within 4-5 h. The analysis of the sample was done fol-
lowing the standard test method for radon in drinking water
given by American Society for Testing and Measurements
(ASTM) [18-20]. Out of 500 ml of the water sample, 60 ml

was transferred to the sampling holder of the SRM. Dis-
solved radon in the sample was transferred to the scintilla-
tion cell by bubbling air through the sample using a specially
designed pump. On agitating water, the dissolved radon gets
released and enters into scintillation cell.

In the SRM, the bubbled air is made to pass through a
progeny filter before entering into the scintillation cell to
eliminate *’Rn progeny and *2°Rn progeny. Alpha particles
emitted from 22’Rn were also eliminated using a ?°Rn dis-
criminator due to short half-life of, 2*°Rn daughter, 2l6pg
(0.14 s). The scintillations produced due to the alpha parti-
cles emitted by radon and its decay products were measured
with the help of a photomultiplier tube which is coupled to
counting electronics. The SRM microprocessor is associ-
ated with indigenous smart algorithm which automatically
compensates the background counts due to residual decay
product of 2*?Rn. The efficiency of scintillation cell associ-
ated with SRM is 74%.

The equation to estimate the Radon concentration in
water (Cg,,,) from the concentration of ’Rn measured in
air (C,;,) using SRM is, [15-17].

ir

_ Vair
CRnW - Cair k+ VR (1)

where k is the partition coefficient of radon gas in water with
respect to air with value equivalent to 0.25. V,;, and Vy,, are
the total volume of air gap and volume of the water sample
respectively.

The annual mean effective dose due to inhalation and
ingestion of 2*’Rn in water was calculated by using the
parameter established in UNSCEAR—2000 and WHO—
2011 reports [8, 21]

The inhalation dose is calculated using the following
relation.

D, (uSvy™") = Cpypy X Ry X F X I X DCF )

where D,, is the effective dose for inhalation, Cy,,, is the
222Rn concentration in water (kBqm™), R, is the ratio
of 2??Rn in air to water (107%), F is the equilibrium factor

between **’Rn and its progeny (0.4), I is the average indoor
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occupancy time per individual (7000hy~!) and DCF is the
dose conversion factor for *’Rn exposure 9 nSv (Bqghm =371,

The ingestion dose is calculated using the following
relation.

D, (nSvy™") = Cgyy X V,, X EDC 3)

where D,, is the effective dose for ingestion, Cy,,, is the
22Rn concentration in water (kBqm™), V}, is the weighed
estimate of water consumption and EDC is the effective dose
coefficient for ingestion (3.5 nSvBq™!). IAEA dose coef-
ficients and prescribed water intake rates for different age
groups were used in the estimation of effective dose [22].

A demographic survey on water intake by the population
was conducted in the 5 taluks of Davanagere district. The
average daily metabolic intake rate of water by men, women
and children in the study area were found to be 1250 ml,
1000 ml and 1500 ml respectively. The Davanagere district
population consists of 642,913 men, 621,092 women and
499,188 children [23, 24]. Thus weighted average of water
intake by the population of Davanagere district was consid-
ered to be 450 ly~!. WHO recommends water consumption
of 730 Iy~! and UNSCEAR has considered weighted esti-
mate of water consumption of 60 ly~! for dose estimation.
In the present study the ingestion dose to the population
of Davanagere district was estimated by considering water
intake of both 450 Iy~! and 730 Iy ™.

Measurement of 22°Ra concentration in water
samples

Generally the concentration of *°Ra in water samples will
be lower than the detection level of the counting system.
Therefore pre-concentrated solution of water sample was
used for the 2>Ra analysis. In the present study 20 1 of
water sample was collected in a polythene air tight pre-
washed container. The samples were acidified with HNO;
to avoid the adsorption of the actinides on the walls of the
container. The samples were filtered through a whatman
filter paper No. 42 prior to the analysis. The water sample
was co-precipitated with MnO,_then pre-concentrated by
evaporation and chemical method to estimate the activity
of 22°Ra. Pre concentrated samples of about 70 ml was
transferred in to the radon bubbler and initially whatever
the radon in the solution was removed by aeration with the
help of a low suction pump. After aeration is completed
the bubbler is sealed and allowed to stand for radon to
build up and accumulate in the solution [25-27]. The sche-
matic diagram of radon bubbler is shown in Fig. 3. The
build-up period is determined by the expected radium con-
tent and is generally 7 half lives of radon which is nearly
about 21 days. The accumulated radon in the bubbler was
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Fig.3 Schematic of the radon bubbler

transferred to the evacuated scintillation cell (150 cm?)
through rubber tubing, which was well sealed from the
outside atmosphere. The dissolved radon in the water sam-
ple gets desorbed due to agitation and enters into the scin-
tillation cell by vacuum transfer technique. Alpha activity
in the scintillation cell due to radon and its progeny was
measured using an alpha probe specially designed for this
purpose coupled with a counting system.

The activity concentration of 2*Ra dissolved in the
solution is given by [25-27].

6.97 x 1072 x D

VXEX (e7#T) x (1 —e ) x (1 — e #)
)

where, D =Counts above background, V= Volume of

water (70 ml), E =Efficiency of the scintillation cell (74%),

A=decay constant for radon (2.098 x 107° s71), T=Counting

delay after sampling, = Counting duration (s) and #=build

up time in the bubbler (s).

Ingestion dose due to intake of *Ra through the drink-
ing water pathway was calculated using IAEA dose coef-
ficients [22]. The annual ingestion dose was calculated by
the Eq. (5) [8].

Cra(Bgl™") =

Dy, =V, X DCF X Cg, )

where, Dy, is the ingestion dose due to ?Ra (Svy ™), Cg, is
the mean concentration of >*Ra in the water (Bql_l), Vi is
the weighed estimate of water consumption (ly™"), DCF is
the dose conversion factor for a particular radionuclide and
for a specific age group (Sv Bq™1).
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Results and discussion

The activity concentration of 2?Rn and estimated values of
ingestion and inhalation dose to the population in the study
area are shown in Table 2. 2?Rn concentration in ground-
water varies from 37 +4 to 245+ 8 Bql~! with a GM
of 103 +6 Bql~!. The total annual effective dose due to
inhalation and ingestion varied from 0.15 to 1.00 mSvy™!
with an average of 0.49 mSvy~'. The distribution of radon
concentration in drinking water samples of Davanagere
district shows a wide variation and it is shown in Fig. 4.
The maximum radon concentration of 245 + 8 Bql~! was
found in Harapanahalli town. Taluk wise distribution of
radon concentration in drinking water of Davanagere dis-
trict is shown in Fig. 5. Samples collected in Jagalur taluk
have the highest average 2??Rn concentration in water with
a value of 179.6 +6 Bql~'. This can be due to excessive
mining of manganese and iron ore in that region. The area
also comprises of Granitic-gneisses and schists. Granite
rocks were found to have higher quantities of radioactive
elements such as *?°Ra and ?**Th thus groundwater near
granitic rocks have higher radon concentration [8, 28-31].

Environmental radiation protection agencies like
USEPA [32], UNSCEAR [33], WHO [34] have given
maximum permissible limits on radon concentration in
drinking water. United States Environmental Protection
Agency (USEPA), have set a Maximum Contamination
Limit (MCL) for radon in water to be 11.1—148 Bql‘l.
About 53% of the samples are above the WHO [34] recom-
mended value of 100 Bql~!. This may be because radio-
active elements dissolve in water during transportation
near the rocks (like granites) and soil rich in radionuclide.
Uranium mineralization, geology of the study area, type
of soil and rock formation along with the depth of the
borewell were also responsible for the variations in radon
concentration. The effective dose from ingestion and inha-
lation of radon concentration in water varies from 0.15 to
1.00 mSvy~! with an average of 0.49 mSvy~'. The average
effective dose value was higher than the safe limit of 0.1
mSvy~! recommended in WHO report [34].

The concentration of 2°Ra and ?2*Rn in water sample
of selected locations in Davanagere district is shown in
Table 3. Weighted average consumption of 450 L of water
in a year was considered for dose estimation. 2*’Ra con-
centration in water varies from 15.6+ 3 to 68.9 + 5 mBql™!
with a GM of 37.1 +4 mBql~'. Higher concentration of

226Ra in ground water is observed in Harapanahalli taluk,
Gundagatti village due to its lithological conditions and
presence of genesis and schists types of rocks. The limit
for 22°Ra concentration in drinking water reported by
WHO is 1 Bql~! [34]. All the samples of the study area
shows 22°Ra concentration below this limit. Ingestion dose
for an adult population due to intake of *2°Ra through
drinking water was found to be varied from 1.99 to 8.80
uSv y~! with an average of 5.35 uSvy~".

The variation of 2°Ra with **Rn concentration in ground
water is as shown in Fig. 6. A good correlation between
226Ra and **’Rn concentration was observed with a Pear-
son’s r value of 0.786. The concentration of >*’Rn in ground
water depends on the concentration of its parent *°Ra, in
the underlying rock [35]. The short-life of >>’Rn (3.82 days)
together with the slow rate of migration of ground water
allows the 222Rn in solution to be in approximate secular
equilibrium with the 2?°Ra in the local rock. Radon concen-
trations in water have been known to be high in most granite
and in high-grade metamorphic rocks, whereas less meta-
morphosed rocks have somewhat less 22°Ra. In ground water
higher *?°Ra and **’Rn concentrations were found in granitic
and orthoclase types of rocks and very low concentration is
observed in staurolite type of rocks [36]. The radon concen-
tration in ground water also depends on several other factors
such as pressure, earth quake actions and rainfall [37].

Conclusion

A systematic study of ??°Ra and ?*’Rn concentration in
groundwater of Davanagere district has been carried out
during 2019-20. Radon concentration in water varied from
37 +4 to 245+ 8 Bql™! with a GM of 103 +6 Bql™'. The
total effective dose from ingestion and inhalation of radon
concentration in water varies from 0.15 mSvy~! to 1.00
mSvy~! with an average of 0.49 mSvy~!. The radium con-
centration ranges from 15.6+3 mBql™' to 68.9 +5 mBql™!
with GM of 37.1+4 mBql~'. The ingestion dose for the
adult population due to intake of >*’Ra in water varied from
1.99 to 8.80 uSv y~! with an average of 5.35 uSv y~\. A
good correlation between *?°Ra and ?*’Rn concentration is
observed with a Pearson’s r value of 0.786.

@ Springer



1928 Journal of Radioanalytical and Nuclear Chemistry (2022) 331:1923-1931

Table 2 Radon concentration in the water samples, ingestion dose and inhalation dose to the population of the Davanagere district, India

S1. No Location Latitude Longitude = Radon Concen- Inges:i*on Ingestion Dose” Inhalation Dose  Total dose”

tration in water Dose ™

(Bql™h
Davanagere taluk (mSvy™h
1 Basapura N14°25'40”  E75°58'10” 39+4 0.10 0.06 0.10 0.16
2 Kundwada lake N14°27'51”  E75°53'59” 65+4 0.17 0.10 0.16 0.27
3 Avaragere N14°2622” E75°57'13” 69+5 0.18 0.11 0.17 0.28
4 Karur Industrial Area N14°28'33” E75°53'53” 75+5 0.19 0.12 0.19 0.31
5 Badshah Nagar N14°28'53”  E75°55'15” 76+6 0.19 0.12 0.19 0.31
6 DVG Industrial Area  N14°25'33”  E75°55'50” 79+11 0.20 0.12 0.20 0.32
7 BIET Road N14°26'42” E75°52'52” 97+6 0.25 0.15 0.24 0.40
8 Bathikere N14°28'34”  E75°5020” 100412 0.25 0.16 0.25 0.41
9 Ramanagara N14°25'17"  E75°5629” 102+7 0.26 0.16 0.26 0.42
10 Shamanur N14°26'12”  E75°54'3” 128+10 0.33 0.20 0.32 0.52
Honnali taluk
11 Kyasinakere N14°7'33" E75°46'27" 82+4 0.21 0.13 0.21 0.34
12 Sasvehalli N14°9'16 " E75°42'54” 89+4 0.23 0.14 0.23 0.37
13 Hosahalli N14°7'36 7 E75°432”  122+5 0.31 0.19 0.31 0.50
14 Chilur N14°6'18” E75°41'12”  121+5 0.31 0.19 0.31 0.50
15 Kunkova N14°6'46” E75°3726” 105+4 0.27 0.17 0.26 0.43
16 Chatnahalli N14°621” E75°33'50”  99+5 0.25 0.16 0.25 0.40
17 Surahonne N14°8'48" E75°33'35” 1015 0.26 0.16 0.25 0.41
18 Nyamathi N14°8'49” E75°3426” 96+4 0.24 0.15 0.24 0.39
19 Honnali N14°14'3” E75°38'34” 114+6 0.29 0.18 0.29 0.47
20 Hunasehalli N14°13'16” E75°43'17” 7245 0.18 0.11 0.18 0.30
Harpanahalli taluk
21 Hiremegalageri N14°32'48”  E75°58'25” 38+4 0.10 0.06 0.10 0.16
22 Uchangidurga N14°33'51” E76°3'10”  46x4 0.12 0.07 0.12 0.19
23 Anajigere N14°35'14”  E76°5'8” 66+ 5 0.17 0.10 0.17 0.27
24 Arasikere N14°39'59”  E76°3'45”  110+5 0.28 0.17 0.28 0.45
25 Kanchikere N14°36'57” E75°58'35” 161+6 0.41 0.25 0.40 0.66
26 Gundagatti N14°40227” E75°57'41” 179+6 0.46 0.28 0.45 0.73
27 Chigateri N14°49'9” E76°53'4” 23949 0.61 0.38 0.60 0.98
28 Mathihalli N14°45'19” E76°8'36”  232+8 0.59 0.37 0.58 0.95
29 Harapanahalli N14°47'19”  E75°59'13” 245+8 0.62 0.39 0.62 1.00
30 Telgi N14°3920” E75°5327" 23149 0.59 0.36 0.58 0.95
31 Duggavati N14°43'55” E75°54'32” 219412 0.56 0.35 0.55 0.90
Channagiri taluk
32 Basapatna N14°12'8” E75°46'27” 46+4 0.12 0.07 0.12 0.19
33 Shantisagar N14°721” E75°55'8”  37+4 0.09 0.06 0.09 0.15
34 Santebennur N14°10'12” E75°432” 39+4 0.10 0.06 0.10 0.16
35 Gullehalli N14°3'57” E75°57'18” 38+3 0.10 0.06 0.09 0.15
36 Devarahalli N14°6'30” E75°3726” 49+4 0.12 0.08 0.12 0.20
37 Channagiri N14°1'11” E75°33'50” 47+4 0.12 0.07 0.12 0.19
38 Nallur N14°1'44” E75°33'35” 805 0.20 0.13 0.20 0.33
39 Channagiri city N14°3'57" E75°3426” 79%5 0.20 0.12 0.20 0.32
40 Karekatte N14°11'46”  E75°53'36” 85+6 0.22 0.13 0.21 0.35
41 Kerebilchi N14°9'24” E75°43'17”  130+38 0.33 0.20 0.33 0.53
Jagalur taluk
42 Kalledevapura N14°26'12”  E76°2627" 166+7 0.42 0.26 0.42 0.68
43 Donnehalli N14°29'16"” E76°2426” 181+6 0.46 0.29 0.46 0.74
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Table 2 (continued)

S1. No Location Latitude Longitude = Radon Concen- Ingestion Ingestion Dose” Inhalation Dose Total dose”
tration in water Dose™
(Bql™)
44 Jagalur N14°30'49” E76°20'12" 175+7 0.45 0.27 0.44 0.71
45 Kechchenahalli N14°34'16” E76°1824” 142+8 0.36 0.22 0.36 0.58
46 Sokke N14°40'57” E76°15'15” 129+6 0.33 0.20 0.32 0.53
47 Pallagatte N14°39'32”  E76°17'9”  145+5 0.37 0.23 0.37 0.59
48 Devikere N14°30'1”  E76°13'52” 198+5 0.51 0.31 0.50 0.81
49 Somanahalli N14°27'37” E76°15'47” 213+6 0.55 0.34 0.55 0.89
50 Santhe Muddapura N14°27'9” E76°1624” 219+6 0.55 0.34 0.54 0.88
51 Bidarakere N14°25'56” E76°17'59” 191+7 0.49 0.30 0.48 0.78
52 Bistuvalli N14°27'52” E76°17'44” 217+7 0.55 0.34 0.55 0.89
Minimum 37+4 0.09 0.06 0.09 0.15
Maximum 245+8 0.62 0.39 0.62 1.00
Average 119+6 0.30 0.19 0.30 0.49
Median 101+5 0.26 0.16 0.25 0.41
Standard Deviation 63+5 0.16 0.10 0.16 0.26
Geometric Mean 103+6 0.26 0.16 0.26 0.42
“Ingestion dose estimated considering water consumption of 450 1 y~!
““Ingestion dose estimated considering water consumption of 730 1y~
T LI T T T T LI T 250 T T T T T T ]
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Fig.4 Frequency distribution of ?2?Rn concentration in water (Bql™")
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Fig.5 Maxiumum, minimum and average values of radon concentra-
tion in drinkng water samples from different taluks of Davanagere
district
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'2I'2azble 3 ngrécem?ation of S1. No Location Radon concentration  Radium concentra- Ingestion dose due
Rn and * Ra in water . in water (Bql_l) tion (ranl‘l) to radium in water
samples from selbect'ed locations (uSvy ™)
of Davanagere district and
ingestion dose due to radium in Davanagere Taluk
water (o the public Basapura 3914 23343 2.98
DVG Industrial Area 79+11 473+4 6.04
3 Shamanur 128+ 10 56.8+5 7.26
Honnali Taluk
Sasvehalli 89+4 32.6+3 4.16
5 Kunkova 105 +4 63.11+5 8.06
Nyamathi 96 +4 40.63+4 5.19
Harpanahalli taluk
Anajigere 66+5 19.3+3 247
Gundagatti 179+6 68.9+5 8.80
Mathihalli 232+8 56.5+4 7.22
Channagiri taluk
10 Shantisagar 37+4 15.6+3 1.99
11 Devarahalli 49+4 18243 233
12 Channagiri city 79+5 21243 2.71
Jagalur taluk
13 Kalledevapura 166+7 37.01+4 4.73
14 Kechchenahalli 142 +38 59.63+5 7.62
15 Santhe Muddapura 219+6 68.5+5 8.75
Minimum 15.6+3 1.99
Maximum 68.9+5 8.80
Average 419+4 5.35
Geometric Mean 37.1+4 4.75

T T T T T T T
250 -
Pearson's r = 0.786
.
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Fig.6 Linear regression of 22?Rn and 2*Ra concentration in water
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