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Abstra(t
Thc cun'ent nudy oflhc spati{l distribulion ofuranium and warerquality paramerers along subsequenr mdiological impaci
due t() urlnium in thc groundwater tiom the Buldhana disrrid was underraken. The cherno-radtu roxicological dosc owing
kr such dissolyed uranium estimated- The warerqualiry pranerers are compared with rhe World Heahh Organizalion and
tsurcau of Indian Standard'! saie recomnrnded limits rnd lbund well betow. A corelarion sludy was carri€d out between
uranium and warer qurliry purrnlelers. Spatinl dislribu(ion is 

'napped 
by GIS-bas€d sofiware. The cheNo-radio toxicologi-

cal risk s due lo ur n iun lbr dilltren( a8e grou ps were calcu laled. This linding in the (udy suggests rhat groundwar€r of rhe
rctsrur is sale lbr drinkin8 purposes based on a chemo-radr(rogical point ofview.
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lntroduction

Uranium is geogenic in nature and has three iso(opes i.e.
2rau, zrsu, and !33U, out of these, (he most abundance is

':33u, which makes up auout 99.27% mass ofnarural uranium

Il, 2l- The sources of uranium in the aqua(ic environmenl
are leaching from narural deposits like sranite [3], releases

lrom uranium indusrries l.+1, coal-burning t5l, and excessive

use oftbrtilizers containing phosphates [6,7]. The adverse
eliicis of uranium on human health are due lo ils radio-
logical [8] and chemical prop€rlies [9, l0]. Radioactiveele-
menr wilh heavy meral narure is possible ro deliver a rrace
quantity of radiation dose to the population ll. Due to
its chemo-radiological characteristics, uranium contents are

being regularly monitored by various health agencies and

or8anizations throughout the world. Unitod Slales Environ-
menlal Protection Agen€y (USEPA) in l99l classified ura-
nium as a cacgory group A element and also suggested the
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complele nonappearance ofuranium in drinking water as the
safe limit farcarcinogenic risk l2l. There is variarion in the
p€rmissible limits for uraDium concentrarion suggested by
diferent agencies. Forexample, the World Health Organiza-
lion has earlier suggested l5 FglL but now the limir has beln
raised lo 30 pg/L [3]. The physicochemical properties of
water play a key rol€ in assessing th€ quality and suitahiliry
of warcr for drinking purposes. Paramerers like these are
also supporrive in srudying and demonsiraring the specia-
tion ofmdionuclides and various pollutanrs due to geogenic
and anthropogenic acrivi(i€s in rhe warer ecosysiem [.1].
The origin of dissolved solids in the groundwater in dif-
ferenl geological regions is due lo the solubility of miner-
als II5l. The pH is an importanr monitoring parameter to
asscss rhe acidity or basicity ofwaterto evaluatc thc hcakh
of the water ecosystem. to check the suitability of water
for multiple usages. Anions. such as F-, NOr-, SO,r2-, and
PO.rr- present in water play a significant mle i; ass€ssing the
quality of water for drinking purposes. These anions must
b€ monitored mericulously as $eirpres€nce b€yond the per-
missible limir can make warer toxic and unfit for drinking
purposes. Thc pr€sence offluoride in groundwater in a low
amounl protects from dentalcaries bur in higher conc€n(ra-
tion (>2 mg/L) may cause dental fluorosis while the con-
centralion less than (0.5 mg/L) may cause tooth d€cay 6l.
Nitrate concentration over the recommended limir (50mg/L
as Nor-) tl?l can cause blue baby syndrome tl8l, Simi-
Iarly, high sulfate content can caus€ diarrh€a and intesrinal
disorders Il9l. Hence, k€eping in view rh€s€ influences, rhe
currenl work of chemo-radiological risk assessmcnr duc to
naiurally occurring umnium in groundwaterwas carried our
wirh the following objecrives as l. Spatial distriburion of
uranium and essocialed water quality parameters of Buld-
hana district. 2.Impact and corr€lation ofwat€r quality with
uranium concentration 3. Assessment of chemo-radiological
risk and associared radiation dose due to exposure ofura-
nium to population over the study ar€a.

G.ology o, study arei

Buldhana districr as a siudy area posirioned in the west€rn
part ofthe Vidarbha region and noflhern head of Mararh-
wada (Fig. la). This srudy area is spr€ad in latitudes 19.51,
to 2l' 17' in North, 75"57' (o 76'59' longitud€s towards
Easl and it covers about 9670 km'?oflndia. Buldhana had a
populalion of2,586,258 in 201I 1201. It is bounded by rhc
Madhya Pradesh srat€ in rhe north, Aurangabad districr in
fte wcsr. Parbhani districr to the south. Akola and Amara-
vati dist.icts are belonging ro rhe easr and northeast sides
ofBuldhana. Th€ study area was occupied by the alluvium
zone and basalts hard rocks ar€a Fig. I a. A major part of th€
districr is covered by basaltic lava flows of Upper Cretaceots
lo Lower Eocene age [21]. The southern part of the srudy
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area is group€d under the Sahyadri range. whereas the norlh-
ern part is grouped under the Satpudas range (Fig. I c)- Dec-
can Trap Basah found is an important formation to ground-
water movemenl in the study area. Depositional vesicular
massive units of dissimilar lava flows have provided the
r€ason for rising the muhi-layer€d aquifer syst€m l2l l- The
groundwaler movcment capacity ofVesicular basalt mainly
depends on thc sizc. shape, density. and degree ofinrercon-
nection ofvesicles [22]. The northern part ofthe drstrict is
underlain by thick alluvial d€posits of age from Pleistocene
to Recent. which is called Purna Alluvium. Th€ Alluvium
is also obs€rved in the minor patch in the southwes( of the
Malkapur dislricl and east sid€ ofthe khamgaon district 12ll.
The Alluvial deposits. due to interpore spaces in sand and
grav€I. provides thcm a high permeability and porosiry and
lo makc them a good groundwater reservoir. In rhe study
area, a uniqu€ 'Lonar crarea is shuared which is th€ only
such craterin the worldixith basahic nature and is beli€ved
tobe created due ro astetuid collision wirh earth s impacr in
the Pleistocen€ Epoch [231. There is three major type soil
found namely as Bharkali, Barad. and Morand. Morand soil
is a mixture ol sill and lime, hcavy in texlure and black-
ish which suirable for co(on produ€tion. ln Chikhali and
Mehkar taluka area, Black soil is found, hut the depth of
Topsoil iF varying. Due tothat, it is suitahle forwhear culti-
vation. hence the ma.jority area ofthe study reeion is under
the cropland (Fig. lb). Barad is a local nam€ ror sandy soil
having a more sand percentage than sih and clay. TSo main
rivers are flowing through the sludy area namely Penganga
and Purna. Katepunrana and Van are the triburarics ofrhese
riv€rs show in Fig. lc [21]. The maximum tcmperature of
the siudy area in summ€r ranges from 43 lo 45 'C respec-
tively. The average annual rainfall recorded in $e study area
is 900 mm t241.

Experimental te(hnique

Sampl. (oll.ction!

The largeled lludy area is divided inlo a syitemxttc
6x6 km: grid to cover the entire area and avoid bias in
lhe 6ampling. The geomorphological snd Land use land
cover map olthe s(udy r€gion wer€ pr€pared using Arccls
10.8 software 1251, which is shown in Fig. Ia. b. A totalof
102 samples werccollected from ditrerent hand pumps and
bore wells of various water depths. These sources werc
dug in cither thc residenrial arcas or agricultural Iiclds
and were being used fordrinking and irrigation purposes.
Wherever the groundwater $ource was not available, sur-
fac€ water was collected as a sample source. Beforc lhe
colleclron of sample\. lhe warer sources were kept running
for 2-5 min, and then water sampl€s were collected in
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pre-cleaned (10% nitric acid) polyethyl€ne bollles. Afler
analy/ing lhe rn-silu paramererh, rhe on€-lil€r capaciry
botlle is filled with samples, well labeled with primry
dalal send ro ex-situ anslysis.

land covtr (LULC) lrap of rhe irudy area. c Disiral etevdio.

Malor lont and field mearurement analyres

The in-situ param€ters like pH, t€mperature, oxygen
reduclion potential (ORP), k)t.rl dissolved solids (TDS).
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and cleltrical conductivity (EC) were analyzed on-sire
using a microprocessor-based portable water analysis
kil (Thermo Scienri6c Oflon Srar A326 Mulriparameter
merert J261. Phosphat€s, Nflrares. and Sullare\ as anions
were determined by Stannous Chloride Method, Screen-
ing Method, and Turbidimetry Method respectively using
a single beam Uv-specrrophotometer [27]. Th€ fluoride
conlent was measured with ton-selective Electrod€ 1261.
The chloride ions were determined using Mohr's merhod.
Total hardness was €stimated using the srandard EDTA
rirrarion melhod. Alkalinity was uied ro calculatc ihe
bicarbonat€ conc€ntration. Calcium (Ca2+). Magnesium
(Mg'?+), Sodium (Na+) and Porassium (K+) w€re mea\ured
by flame photornetry All procedures followed foranalysis
w€re as per slandardmelhods for the examinarion of warer
and waslewater [2{l].

Ur.nium .dim.tion

The uranium concen(ration from collected water samples
was analyzed using an LED fluorimeter [29]. This is an
instrumental technique, whi€h designed to dctect and
measurement of lrace quanlilies of uranium presenl in
aqueous samples. The inslrument works on the principle
measurement offluorescence fmm uranium compl€res in
lhe aqueous sample. Th€ LED fluorimeter uses a bank of
pulsed LEDS to excite the fluorescenc€ of uranyl ions at
410 nm. On excita(ion of uranium ion from ground level
to theupper lev€I, it comes back to theirground state, they
emil green fluorescenc€, which can be measured by a sen-
sitive Photomultiplier Tube (PMT). The microcontrollcr
is used for conlrolling all this process and converr the
fluorescencc signals into digital form. Since the fluorcs,
cenc€ yield is f,roportional to the intensiry of lhe excitarion
source and concentration of uranium in the sample. The
measurement of fluor€scence provides information about
the concentration ofuranium in th€ sample. The fluores-
cence yield varies for different compleres of uranium.
Therefore. an inorganic reagent FIuren (Fluorescence
Enhancing Reagent-5% sodium pyrophosphale solurion)
was added in a sample into a ralio of l: l0 to convert all
lhe complexes idto a single complex having rhe same fluo-
rescence yield. To assess the uranium concenrration in an
aqueous solution various methods are available. The main
purpose to select the LED fluorimerer cost-efrective wirh
precision lhan others. The main benefit ofrhis method viz.,
there is no need to sample preparation and has a very good
detection Iimit. however, it has a low€r dynamic range of
dctection. The derection limit ofthis method is 0.2 tgll-
[]0-321. Before uranium content measurement. an LED
fluorimeter was calibrared wirh the standard solution prC-
vided by Quantalase Enterprises Pvt. Ltd., Indor€,India.

@ sp"i"gc.

F_orlhc asscssmenr oiuraniunr conccnlmlion. thc ft)lk)w-
in8 formula is used I3:ll.

F, /V C\
Urdniu,n (.h(cnrrari,,n,u!l ,= =---=l-J rtrr:-lr\ vr l

whcrc F, =fluorcscencc duc to samplc only. Fr=fluorcs-
cence due lo sample and uranium s(andard spiked. yr =
volume of uranium standard added (ml). Vr=volume ol a
sample laken (ml). and C=concentration ofuraniunr s(and'
ard solution (pg/L).

Pearson's (orrelatlon

In Stnristical mcthods, corclation analysis is usciul in rnalyT-
ing rhe strcngth of linear .ssociation t'dtween two vnriahles.In
nrany rcsearch fields. correlalion analysis was used (o exan-
ine getting lhe Iinear relationship belween rwo variabl€s To
assess lhe€orrelation among urtltriun and othcr w,rter quality
paramelen ol th€ water srmples drawn tronr lhe study area.

Slatislical Package for lhe Social Sciences (SPSS 13) l:lal
was uscd. To calculatc con clal ion .oelfic ienls. thc con'clation
marrix was huilr by calcuhting thc.ocilicicnt ofdifiarcnl scls

off,aramcrers. The signilicance of the correlation wls te(ed
by applying p values. Ifp-value is lcss than 0.05, 0.0 I (p < 0.05

and p <0 0l). then lhe v.rriarion is signilicant IfI>0 05. the
variarion is non-signilitant. Thc signilicance is coflsiderrd ar

the levelol00l rnd 0.05, $hen iflhe analysis is 2-tail l:15.
361. A lol ofrcsearch wolk has hcen done on the statislical
corclatior bctwccn water quality pammctcn lll7 4ll.

The methodology of risk a5ses.ment

Two lypes ofrisk are.rssessed duc 10 lhe occurrence ofura-
niumcontent in drinking wate. Based on the ioniznrg pftDerly
and chemical roxicily ofuranium, the mdioloAicrl risk a d
chemical risk wcrc asscsscd. Thc main radi tn)n sour.c tor
exposurc ofuranium in an individualbody rhroulh ingcsrhn
or inh larion. Unnium is carcinogcnic hcavy mctal in nannc.
The most vitalchemical impad relared (o exlbsure of uraniun
is n€phroloiicity 114,451So. il has hecome avery substanrial
issue to e(imnte lhe risk r€l.lted (() uranium content in drink,

Radiologi(a I risk estimation

Thc radiologic^l risk alsoknown as Ell ?rr..,../ tr.* (ECR)
is the prohrbility ofdeveloping cancerio an individu,i in litb
duc lo exposure to polentially carcinogenic compounds like
ufunium i,l6.a7l.lt is calculatedusinS ihe following equaoon:

Excess c.rncer risk(ECR) = U, x R (2)
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where Ur is uranium concentrarion in waler expressed in
Bq/L .rnd calculatcd as

= .oneentuti,,n of U(FslL) x converson licr{,(0.02528 Bq/L)

R is rhe risk Iuctor, calculaled by rhe fouowing cquations:

(R)=r xIR XTEP (3)

whcrc r=uranium risk coetlicient li)rmonality and morbid,
ity was istaken l.l9x l(leand 1.84x lo-eBq/Lrcspecti!€ly
l4tll. lR = lngesrion Rare (L day r) Illll and TEP=65 years

i.€.23,72s duys llll

Chemi(al toxi(ity rhk €rtimation

Uranium in drinking water alTccts the kidney and bones of
humans dur to its ch€mo-lox icological propenies. Tlechcmi-
calroxiciry oluranium is eslimared rhrough rhe rerm LitLtime
Avcragc D.ily Dose (LADD). The LADD is assessed by the
l'ollowing equalion I l3l.

LADD($EIL ke 'day-r) =
UxIRxEFxLE

AED = Acx Fx I x365 (6)

where Ac=average concentration of uranium (Bq/L),
F= Elibctive per unit intak€ (FSv year-r Bq L-r) is taken
4.4 x l0-3 I53l and l=Age-dependeni Daily war€r intake
(L day-r) for dilterent age gmups are sugg€sted by Dietary
Reference Inrakes I541.

Spatlal dltt lbutlon of urinlum

Th€ Ini€rpolation method was adopred for spatial disiribu-
tion mapping of uranium and other warer quality paiam€ters.

lt is aw€ll-known geostatisticaltool used lbr the elimination
ofcountl€ss defects and limilations [55]. The interpolation
melhod is very imporlanl in the geospatial analysis ordistri-
bution modeling of any paramet€r. IDW is an algorithm to
inlerpolate the spatial data based on weighred average val-
ues ofsurrcundinS sample poinls. The inierpolation method
is assuming the values are nearer ro one another are mor€
alike lhan those which dre fkther away. The inverse distance
weight€d (lDW) method in the sparial analyst-modeling rool
(ArcGlS 10.8, rs used tu rnkrpolare rhe unknrrwn uranium
concenlration tiom lhe known plac€.

Results and discqssion

Rerultanalyris and interprGtation

To lulfill, the ever-increasing demand for the food sopply
ofa large population, chemical-based fertiliz€rs are used to
increase th€ production ofcrops. How€ver, this additional
use offertilizers and other chemical-based compounds are

washed away *ith rains. percolales lhrough the soil, and

affects ihe qualiry of groundwater. AccordinS to health
agenci€s like WHO about 8070 of diseases that occur in
humans are du€ to unsrfe drinking wat€r. Therefore, it is
an imporlanr aspect to regularly moniior rh€ qualiry status
of water and cross-ch€ck lhem to find out whether they are
contradicting the slandard limits prescribed by WHO/BIS

[56,57]. The dcscriptive stalistics of all param€ters are
presenled in Table I and represenled in the tbrms ofa box
plot (Fig. 2a, b). Based on fte analysis, the pH is observed

slightly atkaline in nature with a mean value of 7.4 in th€
lludy area due to the dissolution ofsoil ruirients and min-
erals. The pH valu€ of most of the colleci€d groundwater
samples (97%) is obseryed wilhin the recommended per-
missible limit by WHO/BIS i.e. 6.5 ro 8.5 [50] and only
about 3% ofsamples are crossinS lhe recommended limits.
The electrical conductiviry ofcollecred samples is recorded

in the range from 285 to 6OJl gs/cmrwith an averag€ of
1586 ps/cmr. Ar some locations, the high€r valu€s of EC
are intirred that these areas of Purna River Alluvium are

(.1)
BW xAT

where U=uranium concenrration in water sarnple (p8/L),
IR=IngestionRate(Lday r).EF=ExposurEFrequency365

(days year-') t481. LE = lilb expecrancy was raken 70 years.

IR4.05 L day-r. BW is body weight (kg), which is rak€n as

70 kg. AT is an average lime (Days) ofexposure, which is
laken as 25,550 days for adults.

Hazad Quotient (HQ) is used to estimale thc d€gree of
etred due lo th€ irg€stion of uranium through water consumtr
rion. Whenever HQ value is found to b€ less rhan I (< l), then
rhere are no adverse health issues pmbable thmugh the expo-
sure of uranium in water I49l l( was calculated using ihe tbl-
lowingequation:

He rpsll Lg-raay-' 1 = !4!9 (),
Rfd

whcre RfD is the Reference Dose. I1s value is
4.53 ps ks 'day ' t50,5ll

Ar.essment ofannual efieatlve dore (AED)

The annual €ffeclive dose is to asscss how an individual is
unsal! trom rhe exposure ro the radiation. Worldwide, abour

8?9z of the btal radiation dose acquired by a human is due t)
nalural sources. [52] and in lndia, about 97.7% ofradiation
dose received by an average lndian populace is obs€rved due to
flatural radiarion souces [52]. The radiation dose ow€d by the
ingestion of umnium lhrcugh drioking water lbr difibrent age
groupr is esdmated by using the following conyersion factor
suggesred by ih€ Int€rnational Alomic Energy ASency [53L

Q sp.i,sc"
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E

Fig. 2 Reprcsenrai,n 
'hrcuBh 

lhe bor plor of physio-.henrical pdlmelers ol the study s€a

alttctcd by int€rnal salinity problem due lo diug€netically
dilitr€nt meteoric warer hrving lenglhier residence period,
high rlte of evapolranspiration and it is restricted to the
sandy aquifers inler-layered wilh clayey beds due to which
less recharSe ofgroundwater is taking place. The TDS val-
ues were observed in the rangc fiom l40lo 2966 mg/L wilh
a mem vllne of778 mgr-. According to WHO (l5m mg/L)
and BIS (2000 mg/L) recommended limirs,3.9%, and 3% of
loialsamples, TDS values were tbund (o exce€d the pemis-
sible limit. The excessi,re dis$lved solids. warer rasre like
a nrelallic .lnd il is the source tor corrosion otpipes. In lhis
study, TDS conc€ntralion was high due to the presence of
ions like bicarbonates. carbonates, su,thtes, chlurides, and

calcium. Based on alkaline pH and anionic study ofground-
water ii is has been concluded that the bicarbonates were
dominalinS in comparison with olher anions. The observed
concentration of dissolyed bicarbonates is in ihe range
ol ltlo b 1050 mg/L with an av€rage value of 532 mg/L.
The fluoride concenlralion is observed in the range from
0.06 to 0.?? mg/L wilh an average of 0.20 mg/L and no
sample was crossing the recommended limit i.e. 1.5 mg/L

[56]. NOr in drinkinS water caus€s adverse heahh ellects
when ir exceeds lhe maximum permissible limit (50 mg/L)
rccomnended by WHO. The observed conc€ntration of
NOr- varies in the range Irom 9 to 425 mg/L wilh a mean
vBlue of 99 mg/L. From the tolal number of sampl€s,
50.98% exc€eds lhe maximum permissibl€ limil suggesled

by WHO. Thes€ observed high concentrations are indicative
of anlhropogenic pollu(ion by human activity like exces-
sive use of chemical-based tbrlilizers. The sam€ r€sults are

tbund by lhe Centrtll groundwater Board in 201I [21]. It
is a vcry signilicanr issu€ lor furrher study in rhis regard.
The SO] r concentrations are observed in the range fil)m
I I lo 430 mg/L with an average value of 234 mg/L. About

6% ofthe total samples wcre lbund ro cross the maxinrum
permissibl€ limit suggesred by WHO/BIS. The probable
sources for sulfate are discharge ofunrreared domestic and
industrialwaste l5l3l. The PO{-r concentrations are observed
in rhe range from 3 $ 30 mg/L with an average value of
l5 mg/L. These values are within the range of WHO/BIS
standards. The observed uranium concenlration is in the

range 0.1 to l3.l gg/L with an average value of 2.5 Fg/L
which is w€ll b€low th€ maximum permissible Iimit sug-

sested by the AERB aod WHO ul,:191. The lower amount
of uranium observe might be due lo leaching of uranium
from adjoining / host aquifer granitc rich rock formations.
Th€ anthropogenic aclivities, urbanizalion, and e,(cessive

ure of chemical-hascd t'ertilizers and pesticides. whi€h
are accountable for the upsurge in lh€ TDS of the region.
might be another caus€. However, generally, it seems lhat
the probabl€ source of uranium observed in the study area
may b€ geogenic in nature. The observed resulls ofuranium
disrribulion in the cuminr sludy ar€ cornpared with krcal,
stale, nalional, and inlernarional levels already reported in
the lireralure and rhe comparison is presented in Tablc 2. It
has beell found rhar the observed level ofuranium in drink-
ing water at the local level is much lower than the reported
value t3 8, 19, 591 represcnled in Tabl€ 2. The lotal hardnes$

ofall collected groundwater samples ranged b€tw€en 95 io
1090 mg/L wilh an average value of 499 mg/L. Aruund 457
ofthe lotal sample crossed the permissible limits suggested

by WHO Il ll i.€. 500 mts/L. In the current study lhe order
of ions in the groundwarer is Na+ > Car+ >Mg'?+ > K+ and

HCO3- > SOr?-> Cl > NOr-. respectiv€ly. The Na+ ion
concentrations in lhe study area vary tiom 34 to 261 mg/L
wilh an average of 88 mg/L. All samples are observed in
the permissible limi( by WHO u3l except one. The ionic
concertralion of Caz+ ranges from 16 lo 186 mg/L had an

a

-i,*+ 
r r +t+ rl

tt=llTtit*
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T.bh2 qranium dirribution rr
slale. national and in{ernational

Uranium con- Refercn.es

(rell)

Mah,rashtra Aurangabad 0.1 lo 16.7

Bed 0.0:l lo 32 85

N.gpur 1.7 to 102.?

Buldhaia 0.l0 ro 13.06

Punial, Barhinda 05ro57l 7

Mansa 0.l3ro 13.10

Amrilslr 0.61065.3

Ult.rPrudesh Khrlilabad,GorakhNiM.harajganj. I).20to6.,1.0
and KushnEBai and Aligrrh

Assam Ousahari 0.08 ro5.32

Kamaraka, Kolar 0.1ro t1-,12.9

Haryana Hisar, Mahendra8arh. Paiipir. Sonipar 0.r9 ro290

Korca(Okcnun belr) {rJ ro 261

Nigeria(Ogun srare) 2ll to 261

Cemany o.ml to 16.0

F.ancc 0.18 to 37.2

Argen(ina 0.04 to I1.0

Htri8ry 0.08 to75.l
Finland 0.04 k) 12.097

Sourhern Finland 6lD l40O

Switzerland O05 b92O2
Mormco 4.,16 to 308.4

tmt
[]81

[6] I

162t

I63l

l6lt
l6sl

l66l

I67l

l68t

[691

I70l

[7tl
112l

I73l

I7,11

I75l

average value of 85 m8/L. The Mg2+ ions concentration is
in the range betueen 19 and 109 mgr- wi(h a mean value
of 55 mg/L. The K+ and HCOI- ionic concentrations are
observed in lhe range 0.1 to 21 mg/L and 180 to 1050 mg/L,
ir is found that all the sampling locarions fall under rhe safe

category.

Paarson'3 aoflalatlon

Toassess thecorrelation between rhewaterquali(y param€-

ters (n= l7) and uranium concentration. the Statistical Pack-
age for the Social Sciences (SPSS) softwar€ was us€d. The
main reason for chose Karl Pearson's correlation method
for th€ correlation matrix because the water quality data is
normally distributed. The erlracled correlation data from the
software is presented in Table 3. Based on extracted data a

slrong positive correlarion was observed betwecn uranium
to mS, EC. and chloride with a 0.01 confidence level and
it is suggesting that groundwater samples having high TDS
conlents denotes mor€ lendency to interfere with uranium
coocenration with ionic species 1761. Also. it was observed
that uranium and bicarbonaGs are strongly correlated with
each other (0.01 confdence level) due lo th€ possibilitynf
lhe formation of a uranyl bicarbonate d€rivative [771. TDS

@ s6"sc.

and EC are strongly positively correlated with each oth€r.
pHwith ORB DO to fluoride. chloride to nitratc. and sulfat€
10 phosphatc arc negatively correlated with 0.01 contidencc
lcvcl. Thc ORP is significantly correlated with liuoride and
potassium. It is suggesting thal OPR isplaying a signilicant
role in groundwater quality and allect the mov€menr ofcon-
taminani species. A week positive cor.€lation was observed
in uranium to ORP, calcium, magnesium, and bicarbonale
ions. This finding ilsell suggesting that the exislence of
uranium may bc duc lo the soluble mineral salts as well as

an anthropogcnic sourcc likc cxcessive usc of phosphate-
containing feiilizers. fie same finding is repo(cd by many

researchers 1631. Based on the result it is very important to
minimize the use ofchemical-based fertilizcr and discharge
the radioaclive wasle into water bodi€s. The calcium and

magnesium ions also positively corelaled wilh e^ch olher
ll is suggesting lhat the wealhering of bedrock is rhe main
sour€e ofthe cations. Th€ nilratc ro hardness. cnlcium was

shown a wcak ncgativc correlation.

Rad lologi<.1 ilrk estim.tion

The radiological risk assessment due 10 inlake ofuranium
lhrough drinking waler for adults is pertormed using rhe
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term Expess Canccr risk (ECR) and presented in Table 4.
The ECR was calculated from E4. 2. An esrimated ECR
value for adults is observed well below rhe permissible
limit suggested by AERB i.e. t.67x l0r !g kg-r day-l
[49], hence on observed values there no excess cancerrisk
due to intake ofuranium contained water.

Ai..rsment ol.hchl(al dsk

The chemical risk exprcsscd as Lifetime Aver-
age Daily Dose (LADD) due to uranium in ground-
waler is calculated by using Eq.,{. The observ€d
values are presenred in Table 4 and varv from
6.12x l0 ' l;7 99x l0 I pg tg-r aay r *irtr an aue.
age 1.51x l0-r pg t<g-r day-r for adutr. The m€an vat-
ues of LADD are well below the permissibte limit i.e.
4.53 pg kg I day-r recommended by AERB t491. To
assess the chemical roxicity. Hazard Quorient was alsocal-
culated to estimate th€ rhreat that might happen du€ ro rhe
consumplion of uranium-contain ing dfinking waterlo rhe
human body. The €srimared values ofHe are observed in
ranges 1.35 x I0-r to I.76 x l0-r pgkg-r day rwithmean

3.34 x l0 I for adult. According to rfte mean observcd
value ofHQ for all age groups, ir showing much less (han

the recommended value by hcalth ag€ncies and represenl-
ing lhat water ofthe study arca is fit fordrinking purposes

t4et.

Annu.l Eff€(tlve Do.. (AED)

Annual etreclive dose (AED) iscalculat€d for allage gmups
and presented in Table 5. AED is varying forallage groups
du€ 10 daily wat€r inrake. The mean AED for all life sraee
gmups werc foundtobe lowerthan the recommended value
of 100 USv y-'u31. Based on the calculaled vatues of
LADD. HQ. and AED presenting the groundwat€r of rhe
study region contained a trace amount of uranium, and it
does not pose any harmful impact on human heahh.

Spatl.l dlrtdbutlon of uranlum

In rhc pre\enr srudy forbredictrng rhe correlatron among
thc water quality paramet€rs and spaiial distriburion par-
terns. the inlerpolation method (Inverse dislance weighted)
is applied. The main purpose to choose the Inveme dis-
ranc€ w€ighted (IDW) interpolation merhod is (hat rhis
melhod is a delerminislic estimation method wherc valu€s
at unknown locations aredetcrmined by a lin€ar combina-
lion of valu€s at n€arby knowns locations. This merhod

Tabl.4 Extraded shtisliculdara ofch€mo-radiologicatrisk ofuraniun in rhe sludy aeu

Life st.Be srcup Srarisrical .nliry Un ium (rsiL) Conc otu ECR lMo rtiry) ECR(Morbdiry, rLADD)[g He!sts-,day]
il iBq/Lr Ug lg-r Jay Fg kg- d!y- tB I day-l

Min 0 t0
r3.06

2..t8

t.11

0.00

0.33

0.06

0.04

5.71E

7.46E..09

l.4l E-09

l.0tE-09

9.l0Elt
r.2lE08
2.30E-09

L65E-09

6.12E-03 t.35E-O.1

7.99E,01 l.76E0t
l.5lE{r 3.14802
1.098-01 7.4()E-02

T.bles A ge -dependen t af,i ual
er4rivc dores of fte collected

Life srt8e gMp Ase gmp (Y@N) DwI (t.-d"t) Min(Nvy-r) Max(Isvy- ) Ave6ge(!svy-,)

t,.6-l

19lo50

2.8E-08

3.2E-08

5.:1E08

6 9E-08

9.7E 08

l.lE-0?
l 5E-07

9lE-08
9.tE-0ri

I tE-07

l.2E 07

t.2E-O1

t.5E-07

1.5E07

l.7E-06

4.2E-tt6

6.98-06

l.7E-05

2.0E,05

1.2E,05

l.2E-05

t.4E 05

L6E 05

I 6E-05

2.0E-05

2.0E-05

7,01r-o7

t.3E-06

t.7E-06

2lErX)
l.lE-06
:1.7E-06

2lE-06
2.3E tb
2.7E-O6

t.0E-06

3.0E-06

3.8E-O6

3.8Em

0.ti

t.3

t.1

2.4

3.1

37
2.1

2.3

2.1

l
3

38
38

Q sp.r,se.
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is helpful in visualizalions of how the paramerers look
lik€ over the study area. The resulring maps are shown in
Fig. 3a-p thar are showing lhe spalial distriburion ofwater
qualily parameters throughout the study area- In the sparial
disrrabution ofuranium, there is colorcoding (green io y€l-
low) to reprelenting the lower to a higher conc€nlration of
uranium represented in Fig. 3a. In the cas€ ofother warer
qualily paramet€rs, the interpolation maps w€re presented
from FiB. lb-p.

Summary

In the curr€n( sludy, spatial disrriburion of uranium and
associated warer qualily paramelers and subsequ€nt radio-
l,'gir'al and themrr t,'rieok,Bieal dose due ro u'anium were
asscssed in the Buldhana dislrict. The observed mean ura-
nium concenrration (2.5 pg/L) is well below the recom-
nrended level by national and internadonal healrh agen-
cies Il3, 491. The radio-chemo roxicological risk du€ to
naturally occurred uraaium tbr an adulr is eslimated in the
lorm of ECR and LADD is observed well b€low the sale
limit i.e. 1.67x l0rpgkg-rday-r and4.53 F8k8-rday-l
respcclively is suggested by national and inl€rnarional
health agcncies like AERB and WHO. The bwer amount
of uranium is observed might be due ro leaching of ura-
nium from adjoining/hosr aquifer granit€ rich rock fbr-
nrations. The anthropogcnic ac(iviti€s, urbanizarion, and
excessive use of chemical-based fertilizers and pesticides,
which are a€counlable for the upsurge in the TDS of rhe
rcgion, mighl be anoth€r cause. Howev€r, generally, it
se€ms thar thc probable source of uranium observed in
the study area may be geogenic in nature. It will be safe
r., srarc lh lhe groundwalcr's from lhe study region are

sale lbr drinking, domestic and irrigation purposes as for
uranium associat€d risks ar€ concerned.

A*noel.dg.m.n$ Allaurtoh arc humbly lhankrul ro rhe Board or
Rcseur-h in Nuclerr Scienccs (BRNS), Bhabha Atonric Rcseurch Cen-
trc, Trombay, Mlnbsi torpruridins financialsuppon in rhe form olrhe

'najd 
re$arch ptuject. Also, the aurhoE thant ro rcscarch colleagues,

lnhhrory stalt ofthe deparimenr of.nvircrmenrals.i.ncc, Dr. Babu-
saheb Anrb€dkar Ma. hw!d!University. Auran8aba.l- and rhc rcsi-
dents ofrhe disricr lbr then collaboralion during sample .ollections

Fundlng FundinS was prolided by the B@d ofRescardh in Nuclear
scicnces (Gr!trr No 36(4) l4l3o201 5-BRNS I 0o31) in rrE torm major
rcrarch proJccr sancrionedro Dr N. N. B.ndeltr, Proltssor lt Depaa-
men( ol envnonmenlal scien.e. Dr Babauheb Ambedkar MaEthwada
Utriversny. AuranSabad
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