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ABSTRACT

The discover presents the result$8Rn and™®U concentration measurements in the groundwater
(bore and open wells) and surface water (lake). iFivestigations were carried out using Rad-7
detectors and ICPMS. Samples of groundwater frarutban nucleus (Hebbal and Challaghatta)
of the of Bangalore city were studied. The resudiee compared with international
recommendations and the values are found to beetndously higher than the recommended value
of 10.3 Bg/l for’?Rn and 15pg/l fof*®U. The analysis showed a higher correlation betwien
concentration of?Rn and®**U in water and observed difference between“f@n and*®U is
significant at 5% level. The geogenic origin of i&Rkn and®®U in the water is inferred and
consequently Bangalorians at some locations arenemable to carcinogenic health risk.
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INTRODUCTION

Bangalore, the capital of Karnataka state, spaes awgeographical area of 2,174 Kis blessed
with uneven landscape with intermingling hills analleys. The prominent ridges run parallel
towards NNE-SSW direction. The particular physigdpia setting of gentle slopes and valleys on
either side of this ridge hold better prospectgmundwater utilization and harvesting. The low
lying areas are marked by a series of tanks andl porads.

Bangalore city supports a contemporary populatiensily of approximately 20000 per kmA
significant shift in the land use from agricultutalresidential occurred over the 1920’s. Coinciden
with this trend there has been a rise in industaiadl commercial/institutional land uses. City
experienced rapid industrial growth during thedatbalf of the 70’s. Use of urban groundwater
from the open and bore wells declined at the beggof 80’s because of the implementation of
river Cauvery drinking water scheme in part of t. Nevertheless, intensive abstraction of
groundwater for both domestic as well as industrs® continued and reached a peak in the early
1990s.
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Uranium is the naturally occurring heaviest elensent its average concentration is 0.0003% in the
earth crust and 3.0 pg/l in sea water (Bleasal., 2003). On the other hand natural Uranium by
mass of isotope proportion is 99.3% f31U; 0.7% for?>**U and 0.005% fof**U. The radioactive
ratios for 2/ and 2%U/”%%U are 0.46 and 0.05% with performance specific vt
respectively (Table 1) (UNSCEAR, 1982).

Study Area

The Drainage System

The granitic ridge running from NNE to SSE govethe drainage pattern of Bangalore North.
Towards east, the drainage is made up of a netafodanals generally flowing from west to east
with storage tanks along the canals, ultimatelgiteg the South Pinakini River.

In the west also the drainage pattern includeswark of canals generally flowing westwards with
storage tanks, ultimately feeding the ArakavathyeRi Also the Bangalore south drain towards
east, into the Pinakini basin and to the west th Arakavathy basin (Jiban Singhal., 2012).

The Vrishabhavathy is a minor river within the cityarked with a series of tanks (Fig. 1a).

Geo-Hydrological Nature

Geologically the western portion of Bangalore isnposed of gneissic granites belonging to
Precambrian age. They are exposed as a contindnaiis of mounds raising 90-150m above the
ground on the western portion constituting the Baghatta groups of hills. Inclusions of quartz
and pegmatite also occur here and there (Fig. Hidlro-geologically western portion shows
groundwater occurrence under water table in thethveead mantle of the granite gneisses and
joints, cracks and crevices of basement rocks (E@y. Generally, the water table fluctuation in
open and bore wells of Challaghatta valley are lagiund Domlur and Ulsoor Lake respectively,
which are the major recharge areas of groundwaiter.depth of water table is dependent upon the
rate of weathering and topographic factors. Choefree of groundwater is infiltration and recharge
by rainwater. Considering the climatic water bagngoil characteristics account for nearly 70%
allowing only 20% rainfall being added to groundgrapool. Percolation and recharges in the
groundwater account for 10% discharge through wéitsan Singtet al.,2012).

MATERIALS AND METHOD

Sampling and Estimation of Radon ¥#?Rn) and Uranium (*3%U)

Samples from various locations of the city werdeméd (40 ml and 250 ml bottles) after purging
the well through pumping to ensure sample quakig.(1d).*’Rn monitor (RAD-7) used has a
high electric field above a silicon semi conductietector at ground potential to attract the
positively charged polonium daughtet¥Po" (t,,=3.1 min; alpha energy =6.00 MeV) afidPo'
(tu= 164 ps; alpha energy =7.67MeV), which are couate@ measure 6fRn concentration in
air. The ions are collected in energy specific venvd which eliminate interference and maintain
very low backgrounds. A specially fabricated buitaerating system is used to bubble water
sample to set fre&’Rn in water.

Radon gas is collected through the energy spedificdows and counted for thé*Rn
concentration. The time elapsed for the sampleectitin and analysis is corrected with @eCye
M where C= measured concentration= Gnitial concentration (to be calculate) after tiecay
correction, t= time elapsed since collection (day$jRn activities are expressed in Bd/m
(disintegration per second pef)mvith 2 ¢ uncertainties. Th&U/?%U is linked to redox evolution
in groundwater because of Uranium high solubilitydaong half-life that allows dating of
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groundwater that are tens to hundreds and thousgeais old (lvanovich and Harmon, 1992 and
Bourdon,et al.,2003).
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Figures 1: a. Sewerage Network; b. Geology; c. &ment variations and d. Sampling location of
Hebbal and Challaghatta, Bangalore
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The decay of**U produce two short-lived nuclide daughtef¥h and®***Pa) making?®U the
flames in solid lattices>*U is bound less tightly thaf®®U. In the U* state it is more easily
dissolved.

As a result there is a wide range?®U/?**U activity ratios between 0.5 and 40 in sedimemis a
rocks and, consequently groundwater uranium coratorns range between 0.1 and 25 ppb a long—
lived daughter to accumulate in this decay seraspectively (Dilloret al.,1991).

Leaching of uranium from the rocks of the aquifereases th&“U/?*%U activity ratio.

Samples were collected in 100 ml plastic bottleth wap of inner seal type, filtered and acidified t
pH<2 with concentrated HNQ labeled and transported to laboratory for analySite
concentration of*®U was measured using “Laser Flurimetrer” and crosscked with ICPMS
(Mass Spectrometer) at Analytical Chemistry DiuisiBARC, Mumbai.

Statistics Analysis
To examine the interaction between “seasons andstyg water” and between “seasons and
different valleys”, two-way classification model tii interaction effects for each of the five
variables is attempted. The model is given by,
Yik = 1+ ai + By + Ajj + Eijk
1=1,2,...,¢;j=1,2,...,randk=1,2,.... m=&@and r = 3.
a) Yik the K" observation associated with tH2lével of season and'jlevel of type of
water (or valley);
b) u: common mean to all the observations;
a) o effect of the'l' level of season;
b) Bj: effect of " level of type of water (or valley);
c) Aj: the interaction effect of'ilevel of season witH"jlevel of type of water (or valley);
d) e&j: random error associated witxy
The analysis show thaiys are independent and identically distributed asmabwith mean zero
and variance
i.e.,sijk~N (0,02)
The hypothesis for testing the interaction effets
a) Ho:x: The main effect of season is equal to zero; aeq,=...=0=0
b) Hii: At least onay; is different from zero;
c) Ho2 The main effect of type of water (or valley) igual to zero; i.e.,
Bl:BZ:_ . _:Br:O
d) Hio: At least ong;is different from zero;
e) Hos The interaction is zero; i.6y;=0;
f) Hiz Atleast one;is different from zero.

Health Risk
An Internationally prescribed radioactivity exposummit is one msv/year. Radiological effects
owing to ingestion of dissolve@?Rn in drinking water are defined in terms of effeetradiation
dose received by the population during habituasoamption of water. The annual effective dose to
an individual consumer due to intake of radon froimnking water is evaluated using the
relationship (Alamet al. 1999);

DW = CwCRwDcw
Where, Dw is the annual effective dose (Sv/y) doeirtgestion of radionuclide from the
consumption of water, Cw is the concentratiorf’dRn in the ingested drinking water (Bg/l), CRw
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is the annual intake of drinking water (L/y) andwD&s the ingested dose conversion factor for
222Rn (Sv/Bq). For calculation of effective dose, aselaconversion factor of 5 x T0Sv/Bq
suggested by the United Nations Scientific Committen the Effects of Atomic Radiation
(UNSCEAR) has been used. Annual effective dosetduetake of?*Rn from drinking water has
been calculated considering that an adult (Age %),18n average, takes 730L water annually
(Cevik et al.,2006). Following ingestion Gf°Rn dissolved in drinking water, mean effective dose
per liter (nSv/l) and annual effective doses (L pwgre calculated.

Mathikere "Ra (lo.n By/l ‘
ThEL. B Uranium microgramy/l
500

Bellandur

Lake | 3.0% _:840 Hebbal Lake,

" Kalkere
Lake.
Figure 2: Rader diagram d?Rn and®*®U concentration in Lakes.

Ulsoor Lake

UNSCEAR (1988) reported the “average doses fronomaikh drinking water to be as low as
0.025mSv/year via inhalation and 0.002mSv/year fiagestion” compared with the inhalation
dose of 1.1mSv/year froAT°Rn and its decay products in air. A study conduatedSA estimates
that 12% of lung cancer deaths are linked?@&n (Grans, 1985) in indoor air. Erlandssatnal.,
(2001) estimated approximately 100 fold smallek fism exposure t6°Rn in drinking-water. The
recent works assessed that the risk of stomachecartmused by drinking-water containing
dissolved?®?Rn is extremely small compared to lung cancer éndbld countries.

RESULTS AND DISCUSSION

Radon %Rn) and Thoron?°Rn) are the chains of noble gases produced by ¢baydof their
immediate parent nuclides, Uranium and ThoriumddRais a chemically inert gas formed through
the radioactive decay 6f°Ra with a half-life of 3.82 days. Radon decay paisiare divided into
two groups; the short livedRn daughteré*®Po (A; 3.05 m)?**Pb (B; 26.8 m)?*Bi (C; 19.7 m)
and?*Po (C; 164 ps) with effective half lives ~30min dodg lived*?Rn decay product'®b
(T12 = 22years). Because of their short half-lives #®&n daughters rapidly approach radioactive
equilibrium with their’?Rn parent. Most important radionuclide in this chisi lead isotopé'Pb
with half life of 10.6 hours. These daughter pradwaf?’Rn get attached to the aerosol particles in
the atmosphere and their elimination from the aphese occurs either by radioactive decay or by
other removal processes and surface depositioragout by rain®?’Rn is soluble in water under
very high pressure, but is extremely volatile asdreadily released from water. Its solubility
however, decreases rapidly with increase in tentiperg510, 230 and 169 éfkg at 0°C, 20°C and
30°C, respectively) (NCRP, 1988).
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I Mot s

Figure 3: Contour diagram for concentrations“6Rn in the study area.

Although most of thé?“Rn produced in soil from radium is retained in daeth, where it decays, a
small portion diffuses into the pore spaces andcéento the atmosphere. One square meter of
typical soil contains 0.03 Bg/g radium and it relesbetween 1,000 and 2,000 Bg/§“@Rn to the
atmosphere each day (UNSCEAR, 1988). Other sowt&Rn include groundwater that passes
through radium-bearing rocks and soils, traditiobailding materials such as wallboard and
concrete blocks, uranium tailings, coal residued fossil fuel combustion”?Rn is the major
source of naturally occurring radiation exposuréntimnans. Exposure occurs via the ingestion of
22Rn dissolved in water and the inhalation of airledfiRn. Water drawn from surface supplies do
not generally contain appreciable levels?SRn and is expected to be in the order of 10 Bg/m
(UNSCEAR, 1988).

Uranium and Radium are present in varying amoumtalli rocks and soils, but in groundwater

Uranium is present in dissolved and particulatenfalue to minerals such as Uranite, Pitchblende
and Cornalite or as secondary minerals in the fofncomplex oxides of silicates, phosphates,
vanadates, lignite and monazite sands etc (Magiesh, 2001).

A survey of Canadian groundwater sources repotedated levels of>Rn in the range of 1.7 to
13.7 Bg/nt in Halifax County, Nova Scotia (McGregor and Gamrg 1980). Another survey
detected 3 Bg/m?®*Rn in well water in Harvey, New Brunswick, with 808bthe wells containing
22Rn below 740 Bg/th(McBride and Davies, 1981). Hessal., (1985) estimated geometric mean
of ?*Rn in public water supplies, public groundwaterpsigs and private wells as 2.5, 4.8 and 34
Bg/m® respectively in USA. Analysis of groundwater inviNdersey, showed values ranging from
<3 to ~600 Bg/l with median concentration of 51.&/Band <400 Bg/l. The dissolvéd’Rn was
inversely related to dissolved grasparticles or wittf*®U concentrations.
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Figure 4: Contour diagram for concentrations“0lJ in the study area.

The concentrations of bofffU and®*Ra vary with changes in groundwater chemistry those of
222Rn did not. Thus, the concentrations“GRn are not controlled by the geochemical compasitio
of the groundwater, but by tF&%U and®*"Ra content of the rock and the physical charadiesisf
the aquifers.

Table 1 Individuality of Uranium in natural Uranium.

Uranium Series| Half life in years| Ratio in %| Specific activities in Bg/g
=y 4.47 x 10 99.3 12,455
U 7.04 x 10 0.7 80,011
Y 2.46 x 10 0.005 231 x 16

The dissolved®Rn concentration in the drinking water of Dehradify has been found to vary
from 27 to 154 Bqg/l in hand pumps and; from 26 &9 Bq/l among tube wells (Ramo# al,
1999). The Uranium concentrations in groundwated adrinking water of Kolar and
Chikkamagalore districts ranged from 0.3 to 144&h8l 0.2 to 27.9ug/l respectively (Manjunath,
2002 and Sridhaet al., 2008). Krishnaswamet al., (1982) reported thé*Rn at an average
concentration about 40 Bg/nin groundwater. Relatively higher concentratio™3Rn (25 to 29
Bg/l) were reported by Chubest al., (2003) for groundwater from quaternary alluviabygls
associated with Uranium rich sediments in the Daalfey of the outer Himalayas. Further, even in
North-Eastern states (Assam, Meghalaya, Tripuragaled, Arunachan parades, Mizoram and
Manipur), Virk, (2002) reported the minimum and rimasm dissolved®®Rn in potable spring
water to vary from 0.1 to 441.2 Bqg/l. Recently, Miaf et al., (2001) reported 121 Bg/l 6f°Rn
from Bangalore City, whereas Somashektral., (2010) reported the highest average dissolved
22Rn concentrations in surface water as 1.45 anddba®0.213 Bq/l, while in the groundwater the
dissolved®®Rn concentrations varied from 55.69 to 1000 Bg/!.
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Figure 5: Contour diagram for concentrations”dlU in the study area.

In the study area, the dissolv&dRn and®*®U concentrations in surface and groundwater varied
from 2.4 to 4.7 Bg/l; 1.9 to 3.4 pg/l and 6 to 1EOBq/l; 1 to 523 pg/l respectively (Figs. 3 & 4).
The highest dissolvedRn and®®U concentrations in surface water are from Mattek@r7 Bq/l)
and Hebbal Lakes (3.4 pg/l) (Fig. 2). In the grouater the highest and lowest concentrations of
both the radioactive isotopes is the same in atilmts like Kalyannagar and RMS%stage. The
overall ?Rn concentration in the groundwater of Hebbal ahdli@ghatta valleys among 91% of
samples is found to be beyond the permissibledifiii.1 Bg/l). This included locations like M. S.
Ramaiyanagar, Gokul, Kerena Layout, Campus of Ma#gineering battalion of Indian Army,
Domlur 2" stage, Krishna Reddy Layout, Bellandur Lake, Dagar 2 cross, Ganganagar, HMT
Layout, Anandanagar, Sindy Colony, K. S. Garderamr, 11" stage, Muthyalnagar, RMS'%2
stage, Devinagarlcross, SBM Colony, Mathikere, Divandra palya, GKB#riculture Collage,
Kalyannagar, Chalkere™icross, Pillanna garderi®3tage, Batanary Road, Frazer town, Murgesh
palya, Indiranagar, Tenmenf“stage, Kempapur, Marathahalli, Karnataka Cour6@ft1Road,
Krishnamurthynagara, Dickinson Road, Shivajinagddaar Jayamahal Road and Jeevanahalli,
which might be due to changes in geological regimneexposure of younger granitic rocks
associated with high abstraction of groundwatemggFi3 & 4). Alternately, 91% of*%U
concentrations are below the permissible limits (ddl) except in locations like HMT layout,
Anandanagar and Kalyannagar that supports the gaogegin of*Rn in groundwater (Figs. 1b
& c) (Torgerseret al.,1992).

The depth of well’s varied between a lowest of idahd a highest of 800 ft. and the deep wells
showed much highéf“Rn concentrations as against the shallow wellssamnféce water. Th&Rn
concentrations vs. corresponding depth confirm thaf?Rn activity is almost a function of depth
(Fig. 5) with higher activities at deeper depthshwsome exceptions as observed by Torgeeten
al., (1992). This may be due to the presence of yougigertes and weaker structures like fractures
and linaments (Figs. 1b & c). TH&U concentrations are self-regulating from depth, ot the
222Rn concentrations in the two valleys. ConsequefBBngalorians at some locations are
vulnerable to health risk because of higtfdRn concentration in groundwater.
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Test of Significance (t-Test) Betweeff’Rn and ***U

Test of significance is important in accepting #adidity of conclusions derived from a set of data.
Significance here does not mean “important” or ‘seguence” it is here to mean “inductive of” or
“signifying” a true difference between two setsvafiables.

In carrying out this test using “paired samples “correlated t-test (two samples mean)”, thetfirs
stage is to formulate a hypothesis that there isignificant difference between two population
means, Radon and Uranium called “null hypothesisib{e 2).

Table 2 Group Statistics of?Rn and™*U.

Group Statistics

Std. Std.

Variable | Group N Mean | Deviation Error
Radon| -9.8045*| 0.66710 0.000| -11.3769

Uranium| -9.1435*| 0.66710 0.000| -10.7158

The observed difference between the Radon and Whrars significant at 5% level (Table 3). So,
the null hypothesis is rejected and it is conclutteat the difference in Radon and Uranium levels
are true.

Table 3: Independent Samples Tesf&Rn and®>?U.

Independent Samples Test

Levine’s Test for
Equality of
Variances t-test for Equality of Means
95%
Mean Std. Error | Confidence
Sig. | Difference| Difference| Interval of the
(2- Difference
F Sig. | T | df| tailed) Lower | Upper
Equal variances
Variable assumed 8.66 0.004| 2.57| 76| 0.01 89.42 34.84 20.03 | 158.81
Equal variances
not assumed 2.57| 50| 0.01 89.42 34.84 19.47 | 159.37
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