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o$O$3-d. (d.1, DjO d.6(rrd td( dod)

. qdd dlod;ddd qrori on 6*a(o$ doSdo_
174 ddrle2rl J(dJ $oz)Abd 63 J(o-ddo
oJJo(zid rdd)rroood: cbo 6;:rood, 13-05-2022

dodJ doJdo4duoRdJ.. dliJ_3 rdd)rroo
drrlSojJOJJC.d. (d.& E6O cd-.ft6d 2d(
doS)
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eed( io4d dbie)
rddsorld(do;

ido noH.obddr rde.) dooq J(. $d
dsd-or/ddboioi e,ourldJ d,
dg8odogdJEdt

dr oj6(zrdc0Jod $oz3tu.AdooJ J(od
rbra d)eJ.rddJa dBdF?,DJolDh
doa(Onoorbg-dr-. J(od rbsa dJ{.l"qJ

:,&.A.2f,. o.n$- ol '.d.6.3. drad dodded
erdrrbradon BdJEd. d.,qj.do6o s'lP 2i9 @r!6
olro(eidoJJ zPd(dde" ddo$ J(od
rbeo d.j.rd Jddrlqr I dqhdogdi

<2 <3

:9, a5, a4 4.5 8.s+2'i

d.A.uo6o oJ-o(aidolJod J(ddJe J(ddon
do& dubdo3drlgd O(derartrSdrdbo-. ddr19d

J(dJ d:ozlloddood ero3?6Fo

er{aJdb.ofdn d.JddJ sd)b ddd zJaJ. d-ovd
zrdJrlseod dr& arAlddSdrieri J(d"$o
z)dnl.q6a:d. d.ir.oo6O ol-o(zrdobod
z-dnx('drbg-dJd J(ddr* d(dddn 4A
zrAbdCJdri9d erDdoJ-o(ndJEJ drodJ @rlo S
JtOd zJddcDJod dr& uDSd{rld (eJ

eDo{ldrlzJdJood doFdo$dv rbo3J erd6ojJd
ddbo$dra Hd., 2023 dO- J(adJsd.d.

ddbo]) 
^audoUd 

& dddodoSd:d-d.
dsd-o9/ddbojJd)a edJDod-2 dO- orl9Ad.
'-.....The oulcomes of slud! indicaled no negolive impocl
on soil pruperlies hthen ,.sing indirectl! rechorged Ground
h,alet (Gly) hrhere os o posilive signilicaal im?ocl vos
rcduced soil salirril! in impacled oreos. No micrubiologicol
conlaminolion in letms of pohogens wos lound on lesled
soil ond crop somples. Hence, irrdirecll! rechorged Ground
walet (GW using Secondary treated woler(STq could be

solel! used as on ollerfiotive source Ior i igorion
owrcomilg lhe conce s of heou! melal and micro
conlamiaanls ond palhogens associaled wilh lhe direcl use

"l p!4!!J!! tLe!!!4 o! ynlaeoted nked n!n4!p9! lqste

Parame
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Woter (lll/) Ior itrigotion...."

Aodg(o$ Jao-d nox;dddJ erd6ojJd dJDA
d.:,.do6o oJ6(e6dcDJod dJod,:,drd ddrig

d-drd-od dldtgrldo_ dor@(ddojr r
d.jrl-rdod) ddbc$dJa bdaod:o8.11.2023 dod)
J(Adre-d. dd6o$ D@odd dt
dCdodoSd:3-d. dsd_orldd6o$d\ erdrDod-
rdd_ orl3.,ld.
'' .....The secondory lrealed waler hrhich is beirrg pumped
to l{olor fiom Secondor! ,reoted plant (STP) ol X & C
Volley ond Bellandur does not contoin on.t hormlul heoe.y
melqls obove lhe prescribed limit even os per driakiag
wolet slandards IS: I 0500: 20 I 2.,...... "

z,rDd3(o$ Jzird-d dod.dddr e9d6o$d dDA
d.A.oa5O oj-/o(ardc0Jod $oa),q,dJd J(Od
rbfa ojdd ddAo$dJ{ 6:
08.08.2025 dO- 6art/o ddrlq 3-dD3.Od

dldtdrlgO- dod6(ddo$dra d.,rt6odJ
ddt)oiJd)n d:29.09.2O25 dod) dl ddndod
J(adJsd.d.
. The impacted tanks surface waler quality meets the

Honorable NGT standards for all parameters excepl
E-coli.

. The impacted tanks surface water quality is bettcr
than the rain fed non impacted water quality.

. Thc hcavy mctals arc not delected in lhc surfacc
water of impactcd and non- impacted lanks. Thc
heavy metal levels are meeting drinking water
standards ISI0500:20 I 2.

. The ground water quality post KC valley project has
significantly improved for all the parameters

. The heavy metals arc not detected in the ground
water of jmpacted tanks. The heavy metal levels arc
meeting drinking water standards ISI0500:2012

. KC valley, the ground levels have significantly
improved

. The water quality aI the DC point mects thc
Honorable NGT slandards for all paramelers except
for E- coli.

. The heavy metals are nol de(ected in the S'l'P final
treated watcr reaahing at the DC point of kolar. ln
fact, The heavy metal lcvels arc mccling drinking
water standards ISI0500:20 I 2

Based on data collected in this study from thc



Directorate ofllealth and Family Welfare Se ices,

Govcmment o[ Kamataka, the analysis indicates
lhat the reusc of secondary treated wastewatcl for
indirect groundwater recharge through the Soil
Aquifer Treatment technique does not adversely
affect public health. On the contrary. improvemenls
in hygiene and WASH scores were observed, as

cvidcnced by the declinc in waterbome diseases.
This positive outcome can be aftributed to belter
watcr availabiliry, improved sanitation and hygiene
practices, and enhanced nutritioDal intake. In the
context of growing water scarcity, particularly in
semi-arid regions, decision-makers should prioritize
and suppon projecls that srengthen waler securily
through sustainable waler reuse. Overall, this study
recommends thal policymakers actively promote the
reuse oftreated wastewater for iDdirect grcundwater
recharge.

dsd-or/tJdbob dlSoidra sdJood-4do-
e)113.Ad.

ziadS(o$ JEo-d noi;ddd erdjotdd
aJdb b:29.01.2025 dO- d.furanO oj.o(evdo):od
3Joz33,6d J(Od eeogaiFo rbsoileld il-3J.
J(od .$6l.do- eJndJd iJqodEdo$ d)odr d]
dvdodod J(adrsr_d.

Groundwater-level analysis indicates a marked and
sustained rise in water levels in impacted locations
following implementation of the KC Valley project,
inespective of precipitation variability, confirming
rechargc-drivcn aquifer response.

During the pre recharge period (2014 2018).
dcclining groundwater levels corresponded wilh
elevalcd conccntrations of total dissolved solids
(I'DS). hardncss, chloride (Cl ), sodium adsorption
ratio (SAR), and electrical conducrivity (EC),
indicaring degraded groundwater quality conditions.

Post-recharge observations (2019 2025) show a

consistent reduction in TDS, hardness, Cf, SAR,
and EC in impacted locations, reflecting the
influence ofdilution and recharge processes.

Comparative analysis further indicates that impacled
Iocations exhibit better groundwater quality than
non-tmpactcd locarions 494!C l!9 I9!!_,-9c!4.C9



period, panicularly with respect lo salinity- and
sodicity-related indicatols.

The combined improvtiment in groundwater levels
and reduction in key hydro chemical parameten
demonstrates the positive impact of the KC Valley
.echarge intervention on aquifer quantity and quality
in the impacted Kolar re8ion.

dso-or/ddbo$ dl3od:d:" erdJaod-5do-
e.ldq;,d.

d))od)ddd). ADdS(o$ JdD-d tsod;ddd
ia3-(8d crd5o$dd ddb b:02.03,2026 do_

d.t.mrO oJJo(ardobod groz)Adrd J(od
(Level of warer rreatmenr) d.l03: S dddodod
J(adJsa-d.
( l) an anaerobic decomposition during travel to STPS which
precipitates heavy metals and transfers them to the sludge.
even ifthey ever enter this stream accidentally

(2) a retrofitted aerobic sewage treatment system which
meets the st.ingent discharge standards set by thc NC'l -rhc
STPS ensure aemoval of most of rhe household chemicals
including domestic surfactants

(l) when the trcated wastcwarcr travcls a disrance o[ 53 km
in thc closed pipc from SIP ro Kolar region laking about
22h, any residual organic compound gets biodcgraded.

(4) the treated wastewater undergoes over 1040 days of
residence lime in conlact wilh an algal system in an open
water body (tank/lake/kere) functioning like a polishing
pond,

(5) Finally, the keated wastewaler filte.s through tens of
meters of soil contact before recharging groundwale.. This
gives the resident micro-organisms ample time to deg.ade
any biodegradable compound thal has escaped the earlier
four stages. ['unher, the groundwater qualhy is also
impmved by diluting the hard groundwater with soft water
(recharge water) as thc added treated wastewater acts as a

diluents reducing the ill effects of high fluoride and
dissolved solids contenl of the deep aqurifer groundwaler.
which was lhc casc before lhe implementalion of this
project.

dsqor/ dd6ob d;3oJ:doa ee ar+6do-
orlS_Ad.
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ANNEXURE-3

l. Introductlon

The utilizatioo of dircct wastewatEr for ilIigstio! poses m6try etrvircmeDtal PIobl(, r.

Concems hav€ arisen regardhg the direct use ofuobeated wastewater (WW) for agdcultural

purposcs. These concems includc thc accumulstion oforganic mstter alrd nuticnts in sewage-

farmed soils, refered to as "sewage sickness" (Artil, 2012; Ksur €t al., 2012; Submhmmyarl

1932); pathogen contsminatio[ of soi[, leafu vcgctnbles, and root crops (Shafiarti and Malilq

2013); ard potetrtial health risks for farmers dircctly exposed to wW (Mehmood a al., 2019).

Furthqmorc, the use of unheated WW may result in aesthetic issues, such as tqle{satrt odors,

uega;tivety irnpaaing lool connnuities od tqwism (J€ong et d., 20tq *eraiti-etd.;2€O8I

This problem becomes morc complex when domcstic scwage mixed rvith industrial WW and

urban runolf is used for agricultu€. Particulady WW ftom hdustrics likc lead-acid baucry

recycling aod electo-plating inhoduces various coEtrmin'nts, iocluding heavy metals,

industsial detergcrts, atrd org{ric compouads (Ysng et a!., 2021: Mehmood et al., 2019;

Rezapour et al., 2019; Libutti et al., 2Ol8; Sou et al., 2012; Kllflr el al., 2008). These

cotrtaminants not only adversety affcct soil qtlality and crop glowth but also pose a dsk of

groundwater (GW) contamihation in casc ofhuman consumption (Kristanti ot al,,2021). Heavy

metals, for exaEple, catr potentialty traDslocate into plaot roob, Poshg a t}rcat to humatr healtl

wben consumcd (Kbrs et al., 2015).

By syntbesizing existing literature and addrEssiog the drawbacts associated with trc dirwt usc

of wW, this study presents an altemalive, safe and sustainable soil aquifer E€atment (SAT)

based syslom for itrdircct GW rEcharge using sccondary treated wastewarq (SI'W) @d its usc

for irigatioD in semi-aid region. lhus, this study aims to quantiry the impacts of using

indirecrly recbarged grouudwater for irigatiotr oo soil properties and few ofthe crops.

2. Methodologr

2.1 Sile Desciption

In order to examine the impacts of STW recycling on GW recharge, GW quality, soil

prop€f,ties, aDd micaobial distibution on harvesled crops, four disrisct sites werc selecte4 both

in impaaed and non-impacted areas. The irnpacted sites were within the range of l0 hn Aom

the discharge point (DC) which is the receiving point for STW Pumped ftom BenBaluu STW
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is distributed to all 137 surface lanks from the DC point. The ronimpacted areas are

coEparatively far away (4O to 60lor) from the DC point aod have raia_fed ruaoffas the only
sourco of water rcchargiDg GW. The radial distaocc ofthc eighr sites is almost the samc AoE
their nearby tanks iD impacted and non-impacted areas to maintain uniformity (Table l).

Table l. Sample collection dEtails

S.lrph II) S.-pL nl'.
Rdd

rmD DC
Flol (h)

ndht
Dtrtrc.

br.(h)
(DE)

l. t3q0726.?1{ 715745.1"E o-2 0.2 t9,
B r 3.08't 6.4.N ,7"5fi5.8.E 13 0.r r9.I

3. c !3.0745.3.N 7t1)r59.t.E 7-7 0.5 25.6
a. D I3T6'54.3.N ?tT3't5.t-E l0.r 0.05 25.1

E t3.t020.t.N 7t 2t72.18 13.4 0.4 58.1
6. F l].l2't8.6-N 78?6!0.6.E 5 r.9 o2 M.8
7 o I3.t2552'N 78r7!0. t E 53.9 0.1 47.1t H 13.t2.t8.8,N 7a3ly_OE 60.6 0.05 53.8

2. 2 C harucblizdtiott of soi I

The surface composite soil samples (O-30 cm) were collected in hiplicate from rhe identified
impacted and oon-impacted sites. Samples were collected, air_drie4 sieved through a 2 mm

sieve, and stored in plastic bags. The soil samples were analysed for various physicochemical

prop€rtios such as soil texture, pH, EC, available nitrogen (]g, available potassium (K),
available phosphorus (P), SAR, and other micronutrients as per th€ stlndard procedure and

methods described by Abeguuin ct al.,2016; pansu and Gautheyrou, 2006. The

miqobiological analysis oflhe soil samples was carried out by rnolecular biology procedures,

including DNA extraction, PCR amplificatiol, cluster generation, and 165 IRNA sequercing.

Tbe primers employed in the study, naoely I 65 rRNA F (GCCTACGGGNGGCTITGCAG) and

165 IRNA R (ACTACI{VOGGTATCTAATCC), wcre synthesizcd at Eurofins ceromics.
After preparation, the amplicon library was purified using AMpure Xp beads and quantified

using a Qubit fluorometer. For the subsequent data amlysis, thc eIIME software platform was

employed, and EurofiDs ScieDtific Co. Ltd. (Bengaluu, India) facilitated Oe dsta aoalysis

proc€ss (Mohan et al., 2021; l,evantesi et a1.,2010).
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Additionally, tle soil samples were also tested for the presence ofother specific microbes zuch

x Escheichio coli (E.coli), and total coliforrn as indicator organisms and Shigella, and'

I'leDsiella as rcpresentative pa6ogenic bacteria. The number of microorganisEs studied was

determined by the spread plate technique where 25 g of sample was added to 225 mL bufFered

peptoDe water, hoEogeDized iD s stoErach€I and then serial dilutioos in buffercd p€ptone wster

were sprcad onto agar plates \f,hich were hcubated at 37'C for 24 bls (Libutti et al., 2018). The

sel€ctivc and differcntial mcdia used and the appear-dnce of tested bactcrial colonies are listed

ia Table 2.

Table 2. Specific media for pathogen identification (USEPA,2002)

2.3 Microbiological analysis of harvested crops

To assess the impact of inigation with indirectly recharged GW using rccycled water, tbree

harvested crops like beetroot (root crop), tomato (seasonal crop), aod oae leary v€gelable

(spimch) were collectcd which wero inigated with drip inigation iD both impacted and non-

impacted GW. A midmum offive plaDts ofeach crcp wsle choseD raDdomly, and utEost car€

was taken to maiDtaiD &septic conditions by using disposablc gloves (Farhadkhari et a1,,2018).

All plant samples were collected in either stedle glass containers or plastic bags and promptly

t-ansported to the laboratory for subsequent microbiological analyses. To Fcpare the fiesh

4lPag.
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dltlerertlal

medis

Composltlor| Prthogen Apperrrnce

Eosin

methylene blue

agar

PeptoDe, Dipotassium

hydrogen phosphat€, Lactose,

Saccharose (sucmse), Eosin

Y, M€thylene btue, Agar

E."!i4
lotal coliform

The grEm metsllic

sheen and Purple in

colour

MacConkey

?gu

HMC p€ptone, gelatin peptone,

lactose motrohydrate, bile salt,

sodium chloride, crystal

Violet, natural red, Agar

Klebsiella,

Shigello

Mucoid dark pink and

Light piDk atrd
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plant samples for testing, the edibre parts of each crop were gendy washed with sterile tap
water, and surfac.c s*abs were obtained for culhriDg in steril€ tap water, followEg thc Eetbods
outliled by (obe,g ct ar., 2018; Ugwu et ar., 2014). The mooitoring of iDdicator bactqia,
specifically total coliforms and a cat, along with o few common microbes 8u ch * shigella
atd Klebsiella werc analyscd using the spread plate tecbnique with specific selectivc
differential media (derails lisred in Table 2).

2. 4 Groundwater qua I i ty

To assess the ststistical sigrificoncc of the obtained data (b€tweetr b€foE recycli.trg atrd aner
recycling period), an independent Stude[t,s t-test was conducted. The outcomes of the t_t€st
are pr€scnted as (a) Ns (not significant) for p > 0.05, indicsting no significant diffcrencc; @)
significant for'p < 0.05, dcnoting a statistically siguificsnt differcnce; and (c) highly
significant for *.p < O,Ol, indicating a highly sigrificart difforence (Manisha er al., 2023).

3. R€Culrr

3.1 Impact on soil propenies

It is importart to determine the impact of indirectly recharged GW usitrg STW oE soil
properties during inigation to evaluate safcty add risk of contamhation in soil and crcp as w€ll.
It may b€ obscrved from Figue I that therc was no statistically significant charge (> 0.OS) in
the soil pH aftcr the recycli,s project (afler 20lg). The pH ofthe soil was around 6.5 !o 7.5
whicb is ideal for most of the crops. Soil pH affects rutrient availability itr the soil as wben
the soil pH ir too low or too high, some nutrieas becone less available to plants. A signilicsnt
impact (r'p<0.01) cau be seen in the EC of impscted areas of soil wherein after recycliag the
EC reduced by 50% when comparcd witb that beforc rocycling. Whereas in non_impacted
areas the soil was still saline wilh high EC. The reductioo in the salinity ofimpacted soil caD
be correlated to the improved water quality of indirccrly recharged GW used for irrigation.
High levels of EC in notr-hlpacted soil are mailly athibuted to Ibe origiaal high levels of
soluble sahs in the Gw used for irrigation which can lead to soir sarinization ard crtr rimit clo,p
gowth aad yield by impacting soil fertility. It ca! thus be cotrcluded that there is no si8Dificaor
changc in the soil properties such as available nitrogen (lO, available potassium (K) and
available phosphorous (p) wherc the indirectly recharged GW was used for irrigation.
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Figue 2: Soil Quslity (a) pH, O) EC, (c) Available Nibogen, (d) Available Potassium, (€)

Availabtc PhosPhorus

Table 3 prcsents a comparstive shrdy on thc imPacl ofusing itrdirectly recharged GW on soil

micronutsients and sodium absorption ratio (SAR) It can be observed that there was a

significaDt iEproaemeot in the fenility ststus ofsoil in impacted areas as the sslt deposition iD

the soil was less (SAR) which is atEibuted to tie use of indirectly recharged Gw which was

soft tl nature corDpared to the hard water tom the deeper layer of the soil before the recycling

project was initiated. A minor variation in other micronutient concenbations caD be observed

as a result of dilution in impacted areas Thus, it is corcluded that there was no negative impacl

ofusi.ng the indirectly rccharged GW on soil properties when compsred to the dsk (like nuEient

imbala&e, he$y metal toxicity, soil salinization, microbial contamination, and reduced

fertility) associated when STW is used directly for irrigation.
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Table 3. lmpact on micronutrient contont and SAR ofsoils

S.No. Plrameaers Iirprcad Arco Notr.lDprctcd Ares

(rrC kg-r) Before

recyclhg

(20162018)

After

recycllag

(20t9-2022)

Before

rccycllng

(2016-2018)

After

recycllog

(2019-2022)

Ziac t.87 + 0.09 1.05 + 0.01 1.57 + 0.2 1.77 t 0-o8

2. Boron 1.59 f 0.1 0.57 r 0.06 1.82 + 0.1 1.69 + 0.2

3 koa 23.U L 1.2 28.U+ 2.2 24.55 r3.4

4 Manganese 25.05 + 1.6

11.62 + L2

18.68+ 1.5 22.22 + 1.8 25.0t +2.2

5 Copper 1.4 + 0.3 0.83 + 0.ot I.9 + 0.4 L4 + 0.01

5. SAR

(mF4/L)

5.7 + l.t 3.5I0.9 5.5 r I.5 6.1 + 1.8

Tablc 4 prcseDt oioobioloAical load in soil. Tbcre was no considerable diffcrence in the mean
coDc€ntation oftotal coliform and.E coli in borh impscted snd non_impac{ed soil sampl€s. It
may b€ observed that non-impacted soil had only a marginally higher number ofE coli aad
total colifom in soil whcn comparcd with impact€d soil, suggesting no significalt impact of
usitrg indirectly rccharged Gw with srw on the microbial pathogen risks in curtivated soil.
Since E. coli is onc of the most impodant microbial indicators of fecal coDtaminatior, its
presence in soil irrigated with notr-impscted water could be due to a,,y external envirolmental
souce of fecal contamination such as bird droppirrg, domestic animals, aDd open defecation
(Edge aDd Hill, 2007). None of the marker pathogeDs studied (Shigella, Klebrielto,) wele
detected in soil samples.
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Sl.No. Parameterl E. coli

(crU/s)

Totrl collform

(crU/s)

Shigeuo

(cFU/c)

Klebstello

(cru/dl

I Irnpacted soil 130+5 1208 +20 N,D N.D

, Non-impacted soil 144+8 1130 + 42 N.D,

Tablo 4. Microbiologicot load in soil

N.D,

(Note: N.D.- Not detectable)

3.2 Soil health card ofthe erperimenlal site

Th€+€d1h4fih€$€itba$ Peramaers prpscdbed by the Indian Couqcil qf

Rescarch (ICAR) and the Indian Institut€ of Soit Science (IISS) is presented in Tablc 5 It may

be observed that most of the paramete$ such as arailable N, and available P falt under the

mediun category whereas available K falls under the higher category Hencc, it msy be

concludcd that there was no significant difference in the soil health ofthe impacted and non-

impacted arets confirmirg that there is no negative impact of irrigating agriculhral fields with

indirectly regharged GW and can bs oonsidered as a safe altemative for irrigatior insread of

using hcaled wW directly. After the commencemetrt of the projcct due to the aYailability of

water, farmers tended to cultivate cash and water-intensive crops (Tornato, ragi, paddy, caEot,

cabbage, spinach, arld fruits) over less water-inteDsive crops (Horse gram, ragi, and sometimes

tomato ifmirwater is available) (Manisha ot al., 2023). A change in croppitrg pattem was also

observed where in impacted areas farmers grew crops thrice in a year vhereas in norFirryiacted

areas once rn a year.
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Table 5. Soil health (Gol, 2017) based on parametcrs prescribed by ICAR and IISS

Sl.No. Parometer! Impacted Jtotr-lDpacted
I Available N

(High:>480 kg/ha; Me.dium: 240-480 kg/ha;
Iow:440

Medium Medium

2. Available K
(High:>280 kg/ha; MediuE: I l0-280 kg,&a;

Low: <t l0

HiCh Hich

3 Available p

(High:>22 kglha; Medtumt tL-22 kgtha; t ow
<11

Medium Medium

3.3 Bacteridl diversity in soil

The dominant phylogeDetic bacterial diversity and their specific rcle in the two soil sanrples
(impacted ad non-impacted) are prcsented ill Table 6. A total of 14 bacterial phyla in common
were observed in the two soil sarnples. proteobacrena was the most abundant conmunity (2g_
30%), followed by Ractercidetes (10-l5yo), firmicutes (13_l5o/o), Acidobacteria (t2_t5V),
Actinobacteria (6-80/o), pla\ctomycetes (6_j%), Chlorolexi (6_7%), yerntcomicrobia e_
3.5%o)"Gemnatimoaad.etes (l - 4.5o/t\ Mtronfirae (l .5)%o\ and few werc the other grcups. As
seen from Table l, there was no significant difercnce in the bacterial community conceDt-atioD

when compared irr the two samples except for Gemmatirnonadaes wbich arc high in not_
impacted soil as these are more prevalent in dry soils (DeBruyn et al., 201l). This iadicates
fiat the usc of indirectly recharged GW for irrigation in impact€d areas has no adverse effects

on bacterial dive$ity. It can be observed from the role of the dorninant pbyla presented itr
Table 2 that most ofthem are plant gowth proaoters, few are major members in the nihogen
fixation cycle, few of them facilitate phoehorus and other micro_nutrient solubilization, fel
are involved in energy production and C metabolism, few of tbem secrete biofirmigants and

are associated in disesse supprcssion by targeting pathogens (Malisom et al_, 2O2O;L| et al.,

2020; Sharma and Salwan, 2018; Bruto et al., 2014). The outcomes of our study are ir
agreement with similar other snrdies (Ibekwe et al., 20lg; Broszat et al., 2014) rhat have

rcported no significant impact on the ovemll dive$ity and richness ofbacteria (depending on

the quality of the lreated WW) betweer soil irigated with ferted WW and synthaic
freshwater. Table 6 also Feserts the compadson of phylogenetic bacterial diversity in soil
when direct STW is used for irrigation.
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3.4 Microbiol Lood on crop

The use of wastewater (Ww) Iior irigation raises significant concems regarding foodbome
diseases linked to the consumption of contaminated produce. Thc indirect recharge ofGW
using STW was a coacem for tbe coatamilation of crops. Tbe microbial toad of qops furigated
with indire.ctly recharged GW and non-impacted GtV is pr"senled in Table 7. Ir rllay b€
observed that none oftbe crop samples studied (except for spinach) contained detectable totsl
colifoms, E coli (an indicator of fecal coDtamination), and pathogens (Shige a, nd
Klebsiella,) suggcsting no risk of infection on consuming thcsc crops. As discuss€d carlier,
the time between water being filled in the tank and re.ching GW recharge state can be as low
as 1.5 years and this is far too long for pathogens to survive. It caD b€ obs.,rved thal E few total
coliforDs werE detected on spinach (leafu vegetables) in both impacted aad noFimpact€d arcss
sugg€sting humsn handling to be the major route rarher rhan irdgation water. Hence, it is
always rcc.Emended to wash aEd caok greeD lerry vegetables before dLect coDsuEption as
th€y are Eost susceptible to bscterial cotrtamhstioD (Sitrha et 81,,2010). Consistera with our
rEsults, orlofsky et al. 2016 showed no sigrificant difference in the detection of fecat irdicator
bacteria on tomatoes rigated with beated WW as compared with tomatoes imgated with
potable watcr. Fafiadkhani ct al. 201g, also detected a fcw of the sclccted pathogens in SWW
and inigated soils, but nonc ofthe testcd plant samplcs wcre positive for thc studicd pathogcns.
Similfi lesdts werc repoied about the qicrobia.l quality of eggplslt .nd loEatoes drip
irdgated with t€ated WW (Circlli er al., 2Ol2).
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sl.

No.

Crop type Total collform

(CflJ/nL)

E.Coli

(CFU/EL)

ShigiAa

(CFU/InL)

Xlebiellt

(CFU/DL)

Type of

Water for

irrigation

IRGW NIGW IRGW NIGW IRCW MGW IRCW MGW

1 Beetroot N.D N.D N,D, N.D N,D N.D N.D,

Tomato N.D N.D N.D. N.D. N.D. N.D N.D N.D

3 200 480 N.D. N.D. N:Spinach N.D N.l-). N.D.

Table 7r Microbiological load on crops

N.D

(Note: N.D.- Not detecrable. IRGW: Indirectly Recharged Groundwater; MGw: Non-

imPacted Groundwater)

Conclusion:

'Ihe utilizotion of direct wastewater for inigation poses many environmental problems such as

soit quality deterioBtiotr due to the accumulation of salts, healy metats, mioo-pollutants and

health risk due to undesirable microorganisms. This hampen its agricultural rcuse in arid atrd

semi-add rcgions. To addrcss these cotrcems, the presetrt study itrtroduces a receDt appr'oach

that involves using indirectly recharged groundwater (GW) with secondary neated municipal

wastewater (STw) for irigation through a Soil Aquifer Treatrnent-based system (SAT) This

method aims to mitigate freshwater scarcity in semi-arid regions The outcomes of ole stuo

indicated no negative imPact on soil Propeflies when using indirectly rccharged Gw wheress

a positive significant irhpact was reduoed soil salinity iD impacted areas No microbial

contarEination in tems of pathogeos was found on tested soil aod crop samples HeDce,

indirectly recharged GW using STW could be safely used as an altemative source for irrigation

overcoming the concems of healy metals, micro-contaminants and pathogens associated with

the direct use ofpartially teated or untealed mixed municipal WW for irigation'
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Prcr. Ch.n fyo H il
(Fo.n€.) Chisf R6ent Scjq{id
Conue lor Susbimue Tedlndodes
hdian lnst'tls ol &a'ta
BangslorE 560 012. lndi8.
Ptro.l€ : 9'l{0 22$ m5l
Email : chamkyaailsc.ac.ln

: rrlrytn€lbcrc.ln

6Eirb

(sar4 - 1

Prol,ISloh.of\urra.
(Fofln€r) ffisor
thpdtnont ol ctd
E tgino€ring
lnd€,l hslitJt€ of SciorEs
Bapdoo 560 012, lntla.
Phono : 9'1fl 22S 2811
Emd: ms.nkAnsc.ac,in.
ms.molEnkwruraofi atr.colr|

08o of ilo,rrrt€r 2OZ3To
The ChiefEngineer,
Minor.Irrigation and Ground Water Departsnent (South)
BanSalore Kamataka

Dear Sir
Rcf
l) AEF"MI&GWD Sub Varrhu /K&C Valley' 2023_24t224 da.d,O7_tt-20232) 'Environmqrrl Impact Assessment of Ki v"ll"y p-j."t,aAg";;t No t 34ZO | 9_20 datd,02/$n020
3) IDterim rcport submitted by CST_trSc daaed Zl4t_2O22l) No:AEEMI&CWD Sub Varthur /K&C Val leyt AA2O23-24 daad.3t4:,-2023

With resp€ct to the above reference, we would like submit the following
IISo teal! is mooioriag/measwing heavy metals periodically iD K & C valley project. Table I
below lss tbe &Mocatiotr of wat€r ssrnplitrg aad ihe importa findiogs. The drinting water
specificitioa IS l05OO: 2012 lists l g Eerals or.t ofwhich 6 are lisaed 0s toxic h€avy metals. IE tbe
secondsry tseated water from the STps ofK & C valley and Bellandur, all these lg metals 8re well
below the scceptlble limirs from tbe multiple samples collected between 20l9 to 2022 (please note
this mecb €vctr tte strirgetrt drirliCDg x,rter saerdrrds). Heace this water, when used for
iodirEct recharge, is uot cxpected to cause aay heavy Eetal pollutioD of tr€ uDd€rg,ound wster
table.

Table l: Heavy Metals Me{su.ed h K & C Valley prcject

SI

No

Date of

Sample

Location Renarks Details

I Jan 2019I The *coadary trealed vster which is
being pumped to Kolar fiom STp ar K

and Bellaodur does aot&c
AnnexurE I

Page 1 ot 72

l0 locations
includiDg

K&C valley



STPS and
Talks in
Cluster I

cont in *y hamful heavy met ls
above th€ prcscriH limit and even

oeets drhkitrg water Statrdads IS

10500:2012

2 l0r! Jstr 2020 All five inlets
to Bellandur

Lake and

outlol of
Bcllandur

Lake

Heavy metals eYen itr untrsted
wastewatq etrtering Bellandur lake

from all five iDlets and even the

Bella[dur lake outlet is within the

prescrib€d limit even for drinking water

Stsndads IS 10500: 2012. The

wastewaGr utrderyoes anaerobic

conditions during which all ofthem will
out eveD if

A.DtrexuIe -n

3 l5t of March

2021

R&w sewage
entering

K&C valley
STP and

Secondary
Treoted watsr

pumped to
Kolar

The hc6f m@l corc€ftrations in
secondary treated watq which is being
pumped to Kolfi ftom STP at K & C
Valley and Bollandur are well below
even the drinking warer Standards IS

10500:2012

Armexue -lll

4 56 October

2021

DC point,
Narasapura
Tank, open

well,
borewell and
IGlyani near

Narsspura
Tsnk

The secondary tseated watcl which is
being pumped to Kolar from STP at K
& C Valley and Bellandur does not
cootain aay harEfiJ bealY Bel.sls

above the presciib€d limit as Per
drilkhg wat€r Stsodads IS 10500:

2012 (meets even the driaking water

standsrds)
Even the groundwater in borewells,
open wells and Kalyani near Narsapura
TaDk does not contain aoy hamful
hear7 metals above the prcscribed limit
as p€I drinking wator Standads IS
10500:2012

Annexure -IV

5 20h of July

2022

DC point ond

lakshmisagar
Tank Outlet

fhe secondary treated watei which is
behg pumped to Kol& fiom sTP at K
& C Valley and Bellandur does not
contain any harmful hearY metals

above the prescrib€d limit as per

driDking watel Standards IS 10500:

2012 (me€ts eYen the drhking water
standards

A!tr€xure -V
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As can be seen from Table l, tbe secondary treated water which is being puED€d to Kolar fiomST" aj I! & C Valley and Bellandur does trot coDtain any harmftl f,J[-'metats above thep.escribed limit evetr rs per driDkhg wtter Strnarr* lS iilSOO, ZO i-''
Also, IISC has clejrly demonsE-.ted that thermodynamically, aIIy heavy metal will have Ihe
lrorynsity t9 precipitaie as sulphides and 

IorD. iT:otllle g; ;y ;iiy;; reDdems rle\vastewater free tom bcavy metals, which is published in Current dctJ""-irtii", gir"o t"." *Annexure VI.

Alsq rsc h8s regulsrly published this data on abseDce ofhedvy Detals io grou,dwat r atrd surfacey:::.1_T:lf.:l1!|l,I fac _,{y g"r*t and secondary treaG-*",". r"i,,g prrrlrpea tor\otar ErougD vanous publicahoD aflached he.e as ADerwe VII atrd Anoexur€ VIIL

Shcerely

L,r-[,ot=ii;|lct.l ix
Ctt lr PrdMSllArXls

(Fqr ProC) CE ffgc

l. Copy !o Se€retary, Minor Irrigation& Groundwarer development Deparmenq

^ GovsrDmelr of Kamataka, Vikasa Soudha, Bangrlor" fo. i"f;;;;. --"-2 copy !o superinlending Engineer, Minor Irrigatilon circre, Bangalore-ior informatioa.J. lopy ro txecuttve Engineer, Minor Irrigation Division, Kolar for informstion ard
necessary action.

4. Copy to AXE MI subdivisio! Varthu for aecessary action.
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Prof.HNChaDakyaaDd
Dr. hkshrninal-ayana Rao
C@EE Id Sud.iDbtc TehmtoriB
lDdiatr IDstitdE of Scicnce
BanSalore 560 012, lndir.
Phom : (+91J0) 2293 205t
Far : (+9I-80) 2360 1692
Email I cha[,kya@ iisc.ac.in n rayana@iisc.rc.in

A note on STp socondary treatod wator quarty of X and G Valloy and Bellandur

Background rhis- proioct is about supprying.secondary treated domgstic sawage waterto tanks of Kotar for indirecr recfiame.oi qio"rg.rnt',rd;i, tf,il-p',ii"", secondarytreated sewage water is directv oicrid_up fr"-, il; pt"r;;;'*""""i in"rtl p,p" a ra cvalley-and B€ttandur and tnus frir sitarion of gemi mixeO up fri-JJ"ing t_"t" ,n t"oar B€[andur does nor arise. This h ono of ur" ;;q; ili.-"rJ;;J!'iul!" city 1*t i"r,is normatly seen as gudar of tyater 
."no cnergyibil.;l *u-,iio, fuirra g.rnowater recharge and inilption in neighboring tifi; ,;ii;#';fi;"" areas rhussupporting their livelihood ecoloov J enwmnment and other aciivities. There is a UN

I:1@.on.y": l risht quatity of-;;rer fo, ;shG;,".;il;;;;*Essity ror mintmartreatrnent which is enough for the purpose. -Treatei 
ware, ;';ii;;f; one rank rotho.other, the quality of such waters wi impror" .in"" ii,rlf l U-"'erfrslj io oxygenationand_sunlight.-Mixing with local catchment waters, the quality wifl 

""iV 
_pr"*, if 

". 
f"""fwaste water flours in. Moisture buitd up witt trappen sui.ounting Ure Lniiias wtrictr wiffhetp in.agricutture. Need based, smirr quantty *.tercorld il;;A? *" orin*ingwater standards

7h of March 2019

ln lndia, there are no water quality standards for such applications i.e., indirect recharge from
secondary treated waters. However, basedon the water quality testing that has been done as per
the submltted report titled "Report of Secondary Treated Wate, eualtty from K & C valhy,
Bellandu. STP and tank in (otar", dated 2ln lan 2019 and the flnal .eport dated 7n ol March
2019, the secondary treated water from X & C valley and Bellandur STp meets:o the water qualtty criteria for irdgatlon as per tS:11624_1986, BtS Standard.

o the water me€ts the Class E crite,ta as per "DES|Gi{AIED BEST USE C|ASSIF|C IOI{ OF
SIRE My, of CPCB, which is for trrttatton and industrial cooting.,

Page 5 ol 72
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o ln most of the cases, the Water Quality satlsfies, Class D whlch Is flt tor Aquaculture as

o Based on the water analysis result presented as per the above said repon, this s€condary

Eeated water frcm the K & C valleY and Bellandur STP can be sately used fo' indirect

.echaGe of rrndergmund watet and kriSation purpos€s

Water which is fft for irrigation purposes ls certalnlY frt ior inditect rechar8e of undeGround

water.

The drinkinS water specification lS 1O5OO: 2012 lists 18 metals out of whi.h 6 are lined as toxi'

heavy metals,ln the secondarytreated waterfrom the STPS ofK & CvalleY and Bellandur, all$ese

18 metals are wellbelowthe acceptable lirnits. Hence thls water, when used tor lndlred tech'rge,

is not exp€cted tocause any heaw metalpollution of the underground water table.

HeaW metals in the treated water from the treatment plantare wellt€low the acceptable limits

for drinking water a nd hence of no s€riousthreat is likely to human/animal lile trom these heaw

metals.

Ouring the indiaect recharge, it is well unde6tood that the u/ater p€rcolates slovrly thm{r8t the

torturous pores through multilayers ofthe Mother Eanh. Duringthis process of slow p€rcolation,

it is well understood that the watet quality improves even fu rther as it trickles down throuSh such

soil layers.

fu the above observatlons are based on a slngle grab sample taken on 10th of ,an 2019, in order

to tet a better control ofthe system, it is suggerted tlEr T€rtdic monitonn& b Enir&
documentation and rcponing methanism needs to b€ implemented throuth any credible third'

party obseNeR.

Several lnstitutes / researah labs / regulatory author-Ities have tested the quality of s€condary

treated waters and have come with similar oplnion that it me€tsthe requlred nandards.

lf need be, onae the plant starts runnin& again, the qualitY of secondary treated waters could te

ascertained by NatlonalLabs lnstitutes ofhl8h repute such as llsc and NEERI.

l" "n&
Lakshminarayana Rao
Date : 7rh of March 2019

H N Chanakya
Date : 7s of March 2019
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1

R€port of Secordsry Treated Wster eusllty from K & C yslley, B€llrtrdur STp
rnd trnks lr Kolsr

r. INTRODUCTION

The Minor Irrigation Department has implemented a project for pumping
secondary treated water from the srp at K &c valley and Belrsodux to fill 126 ranks
in Kolar District. On 96 January 2019, the Minor Irrigation departrnent approached
IISC to sample the secondaqr treated watel which is pumped to tanks in Kolar. On
lOh of January 2019, IISc team undertook a water quality samprling campraign and
have collectcd ten (r0) water sampres from various locations as risted in Tabre l. The
water quslity is b€iry acc€ssed at IISc. IISc team ofprofessors, consisting ofprofH N
Chanakya and Dr Lakshminarayana Rao have analyzed the samples collected and a
repod is preparEd. The details of the same are described below.

Table l: Summery of wster srmples collected

2. WATER QUALITY OF SAMPLES COLLECTED

Table 2 lists water quality palametels analyzed of the water samples collected and

Table 3 lists the test methods followed to analyze each parameter. Bascd on the results

of ttre analysis the following conclusions are drawn and recomrnendatiom are made.

Sl. No Water Sampling Location Semple

Identitrcstion

#
K&CvallaySTp - Beforc chlorb€ contact tenk

K & C valley STP - After chl,ori ne contact tsnk (Lift Point I ) 2
3 Bell.dul STP after Chlorinetion tel* (Life point 2) 3
4 Dischqge point kkhmisaga. hke (fust drop point into Kolle tadls) 4
5 l*shmisagara waste weir (Ofllet fiom tatshmisagar lake) 5

6 Udrpaoahalli taok-l (FiEr loke of Lokshrnisagar lakcjdowDstslrrh 6
7 Udap&aialli waste weir-2 (oull Udaponalalli take)et frolh 7

E Narsapura tank
8

9 Doddavalabii waste weir 9
l0 SigDahdli tslk l0

Page 7 ol72
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2

Based on the water analysis, the water quality meets the watcr quality criteria

for irrigation as per IS:l 1624-1986, BIS Standard (Armexure I).

Based on the water analysis, as presented iD Table 2, tho I'ater meets the Class

E criteria as per "DESIGNATED BEST USE CLASSIFICATION OF

STREAMS', of CPCB, which is for 'Irrigation and industrial cooling'

(Annexure lI). This u,ater pumped to the tanks of Kolar can be safely used for

Irrigation purposes.

As India does not bave any specific standards for indirect grould water

recharge i.e., percotation tbrough the soil strata and as recharged ground water

is mostly used for irrigation purposes in Kolar, as indicated above, it meets the

criterta-foriEigation through growrd water as thedesiEnated b€st usl.

In addition, the u,ater qualify of the all the u,atcr samples analyzed, for all the

measured paramete$ as shown in Table 2, also meets a much stringent criteria

as per the CPCB Inland surface water standards (Annexure I). The results

indicate ttat the secondarytreated water which is being pumPed to Kolar from

STP at K & C valley and Bellandur does not contain any harmful heavy metals

above the prescribed limit.

Also, the se.condary treated water which is being pumped from STP at K & C

valley and Bellandur i.e., sample 2,3 ar.d 4 meet the Class D crileria as p€r

"DESIGNATED BEST USE CLASSTFICATION OF STREAMS', of CPCB,

which is for 'propagation of wild life and fisheries' (Annexure Il).

The above rcsults are based on a single grab sample taken on 106 of Jan 2019.

In order to get a better control of the system, it is suggested that p€riodic

monitoring, lab analysis, documentation and rcponing mechanism needs to be

implemented.

l"r/''h
Dr lakbminarayana RaoDr H N Chanakya

Date : 7h of March 2019
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ANNEXURE.l

llrll0l-rI

htdlut Stotfud
CI'IDSLINB F(}B

rHE qrAuTY OF nRIOATTON WArBn

I FOTBWOR,D
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L tcrott
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Date ofSamplins: 1Ss of March 2021

Table of Heavy Metals

.rdyi1srGErdlra
3}.lo.

I
2
3
a
s
6
?
a
9
lo
l!
t2
l3
1a
ls
t6

xeE b

rryrttL
l..r.l+ EEtlridr. rrd
h.av| EEral
IroD (Pcl
l,lrla.n .. (Ir&r)
Zt,.Aa)
--.rhrr (qI)
r-c.d Ct)
ArE& (.i.)
ctldrE (Cr-.,
Nl&cl (Nl)
Co||t r (Cu)
AlnF.ir.rr oil)
ldEE(L)
Ec6(E)
a.hif rG (A!)
Strr (A!)
,a.tr!., (H!)
Iot,td@(re)

ls rogoo
<lme/l'

R.au rcwE!
<'nvn

S.on-ry Ertcd
wa..r&r(E'Z)

3
2
s
2
o.l
o-2
o.t
3
3
o2
o.7
o5
o-o1
o-l
o.@r
o.g,

o..lo
o,l6
o.o2
E)L
IDL
o.@l
o.6a
o.o2
o.o(xDs
o.o3
o.ol
orx
o.oG
o-dEat
o-@a
o.@3

o-36
o-o2
EII.
Br.
Br-
o.@r
<ot
o_o2a
o.oo
BU.
o.oas
o-o2r
BII.
III.
lr.
o.@l

bClou thG dctGldt Urdt of I x lO -6 i8/1.
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Detc of Sampllng: 5t of (hober 2021

T.ble : SuiDmrry ofHerw Mearl Atrrhrul! ofthe DC potrt Lrklhmlugrr rrd
Nrrsrpurr Tank

Studrd
NaEc

lro!
Gc)
E,gn

M guela
(Mr) ndl.

C.ddoo
(Cd) Es/L

L.d
(Pb)

ngl,.

Ctmoiuo
(Cr) 

'n/L

Nkrd
(Nt)

WCIL

Copp.r
(ft)
aElL

Murrry
(Hs)

idlL

Ahdiu
(AD trry/L

Is10500 3 2 2 0.t 0.1 , 3 0.m2 02

DC Poirt 0.26 Brtl Bdl Bdt 0 0 0.002 0.001 0

Narsapua Telk 0.2 Bdt Bdl Bdl 0 0 0.001 0 0

Borewpll 0r3 Bdl 0 Bdl Bdt 0 0.05t 0 0

Opa *ell 0.41 Bdl 0 Bdl Bdl Bdl 0.015 0.03 Bdl

Kalyeni 0.25 Bdl 0 Bd Bdl Bd 0.01 0 Bdt
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Dstc ofSamplng 206 l y 2022

Table: SurnrDary ofHeavy Metal Analysis ofthe DC poiDt and lrkshmisaga. tank outlet

Sl. No. PaEmetalr lS losrE (ns/r)

(ors 10s0o,

2012)

mdu

treaad
at DC

tml
(rrl

1 hon (Fe) 3 36 r 0.02 .26 r 0.m1

Mangahese (Mnl 2 .02r0 Lr0
3 Zinc (Zn) 5 Dt-r0 10
4 edmium (Cd) 2 r0 r0
5 tead (Pb) 0.1 0t-r0 BDL t O

6 Arsenic (tu) 0.2 001r0 1t0
7 Chromium (Cr*3) 0.1 1r0 lro
8 Nlckel (Ni) 3 028r0 r0
9 Copper (Cu) r0 r0
10 Aluminlum (Al) 0.2 BDt- r 0 i0
11 Bariurh (8a) 0.7 .045 r 0 01r O

12 Boron (B) 0.5 02110 10
13 Selenium (Se) 0.01 t0 t0
14 Sllver (Ag) 0.1 t0 BOL T O

15 Mercury (Ht) 0.001 r0 r0
16 Molybdenum (Mo) o.07 00110 BDLTO

ble timit which is is 1 x 10-5 mg/lBDt is B€low Detecta
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Fate of hgrt y metals in sewage and polluted
water bodies

Ihrsha Rao, Lrkshmlnarayanr Raor and H. N. Chrnrkyt
C6tr. for SqrrD.b,€ Tehaotod.., tn.tim h.titut oaS.i6e,Ba8.lm j6OOI2,I!di.

prcccllar ln [rdcr atrdltrg tta pr!clpltttloD of tc.vy
mearb ld lewige atrd pollut.d w.t.r bodle.. Thl!ltody locutcr or dc!.rDlnilg th. Dott fe..lbl. m.t l.sdt lbtt crtr ba forucd lrllg ra.Ddrrd Glbbr fr..
eDerEr chrtrg€ for erch porllilc rercdoD of tI tt.
he.W [eld, ltr wlat.ratar Solrbulty llhltr of .[po.rlblc ln.aal r.ltr rra coDpEt d. It l. ihorlr th.t
ev€tr ln ahc rtort m.arobic r4.8a, rtr, hcrvy Det l wlll
hrvc th. pmp.tr!ity to pra.lDlara. r' ttrlphH.r trd
forD htohbt. rrlt!, ato! ...dcrhg
frea from hervy me talr. Tte tneaturad heavy mearl
corcetrrtfloD h h.€atad wrrtaEater lroE Br trSaloia'a
K-C V.ll.y .!d B.ll.rdu. rai.gc trcatncnl phnlt kp.r.cDt.d r! . v.Xd lor of th. O€ory.

Tberc lt . E.Jor krowledg. grp sDd . Dultlf.rioor
proDlcD lDvolvirg mat.l chcDtrtryr phyllcrl lat€r.c_
Doo! of 6ctrl., Dicrobiolog,, .crcblc rtrd t!.€roblc

K.yrord!: 
..A-Baerobic digesrioo. helvy netrb, p.ecipi_

ration, rolubility limit, wlslcwatcr.

Rivcr Cooum iE C'h.nnai rccciv. largc votunc! of ulhon
sew!ge-. As ciries are industrirlize4 ltorm wslEr, scwr8e
aDd ird[sEial cmucats bccmc mircd rod flo* as co;
mon wastewarcr. For ! significant pcriod, illdustsics ia
Bcngrluru 

.ruch a! bottcry EcoDdirioniog. electopl.ting
aDd paiat shops hrvc r.te,&s.d cmu€Drs b€arirg mrs br;
sewage''. It is uDcle$ wi.t hopp.ns to th.se HMs in
sexrage stretms. Thc present studl, aDsrrn tti! questioo
uling both thcmodynEtic pot nriat aod solubility limit&
tion6.

By dcfi-nitioD, Dlcrillic elcm.ds erd mcis.ttoids having
atornic demity >5 g/6-rtr] arc rcrnrcd as .hcrry rrctl
al!'",": for cxrmptc, As (5.7j ycnr), bt (1.14 elcmrt.
Ct (t.ts stcr,l.rr. Mn (7.30 s/cDr), Fc (7.r7 B/cj). CJ(:^6^2dcn?, co (8.E6 8/cD1. xi ta.eo y"-). cu
9.?99" \: Mo (r0.2 s/c,nr), ,lg 1to.sgcm), eb(l I.30 gturb) .nd Hg ( t 3.53 g/cmr). Scleniurn having m
etorhic d€D5ity of a.8 g/cnr is also includcd in thi6 li6t
givcn irs toxic nstur!. All thcsc HMs, cxcepr silvcr, arc
toxic. A.llhougb tb. donJnsnt n{|€rirl of s€a|lge is cor-
suncd food, ,cveral othcr hous€hold chemicak ;ko .ntcr
iL Food contains ooly iDsigDificant lcvcls of HMs aDd
ov.I 99oh of tbe digastiblc organic food nDttcr is
absorH by hutrlln3. RejecE ,re turlhgl dig.srEd ..s
se{,age decomFses rapidly. anaerobicely or acrobicslly,
lelviry behiDd rhe.c utrused HM3. Scr,agc, *p€cirtty.!
sefllcd rludg., is known io accuoulatc thesc HMs and is
oftEa considcrEd ,s aa ctrvirooacntal threatt4rr,

Thc Environ'tcntel prcteclion EIcs of 1986 hrve sF
cificd_rhe discharge 6l.rrdard! for l0 HMs. tralncly Ar,
Hg, Pb, Cd, Crt, Cr. C|! Zn, S. a Ni'.. A fcw rlccDr
rEporrs chim thlt th6. HMs a,l prcscrr ir Elounts hichcr
than rhe pe.mi$ibte timits in u ar sc*.g.,t ,. Siiac_
cumuhtiotr of HMs iE tbe riverirrfJlacu6hire 3ysteEs lld
tbc. rill of rculilg s.wogc wlrcr oD h.altl' egicutnr.
and envircnmmt hlve befi ltport d. For crrmrrlc,
accordiDg to . study otr cmps aud soils rtcciviug serigc
froE Bcllar ur, ByllmaDglla, Nagrvan and Varrtur
tanls itl Bengaluru, thc rverrge HM coocentslion of
wrtcr fiom thesc watcr Mic! rang.d froE O.OI4 to
0.039 mgn for Cd, 0.039 !o 0.07j mgn for pb, O.l2O io
0.31 I mEI for Cr snd 0.027 ro O.M2 msn for Nia. Ihc
coDccots tion ofPb eDd Ni was Bithin the safc lirnits of
0.5 slg/l lDd 0.2 mg/l nspcctively, lccording ro the
guidclines for irigfiion watc#. Nevenheless, it is not
clear how thes. lev.ls, wcll abovc typical solubility

t09
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Origln ofiaavy metiti ir [lbrn sewa ge rDd
thrert to l.Le.

THE cv.r increasing sewagc gencntion from urbanizltior
aDd conscquetr! tbleats to water reiourccs aE importlnt
coDc€rE !o su8tdasbl€ dcvcloDm€trr Maioriry of r$c
world's populstion now lives in the citieara. Nearly onc-
third of the IDdiatr poputetioD is urb.niztd ahd tl1aDy
statai elr cxp.{tcd 10 brvc mol! ihstr hrlf ofthcir populr-
tion in citics by 2021 (rEf 7). Most ciries hav. littl€
wastewater iDfrastsuctEel, Cittcs havc b€corn€ large
sir*s for watcr snd epiccntres for wastewater (scwagc).
Cities usurp water ftom hundrcd! of kilomefes away
while tbc minwltcr coll.ction llDlB hrvc becolnc rEccp-
lrcl€s of sewogc. Whc! mblstcd scwegc flows uder
anf,dobic cotrdilions, most of thc metals presenl alc pre_
cipiht* rDd deposit€i as a he3vy mclat (HM)-;ch
sludge'.

CitiEs io th. Dcc$D Plsteou have alwsys aligncd their
sewerage sy6lemr llong with the nahlal contouE of lald
atrd wstq basi$. Thes€ wrtcr bodicc hrvc b€colllc p€rpc.
tually lilled with sewage. For cxnEplc, Vanhu arld
Bellardur lates of Bengalunr Muli iD Hyderrbrd sod

'ForcorrDoodocq (c@il !mru@ii&.&jr)
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levcls of thcir rBpcctive sulphidca, have bccn reponed
ftom ses,a8o under chronic anaerobic conditions.

s€veral studies have indicated that utrd€I arrerobic
conditions, in tbe preseDc€ of hydrogen sulPhide (HzS),

HMs present itr Ih€ sewagc t€nd !o rapidly PreciPiiate or
biod !o the sludge, formhS metal sulPhidcs whicb Preri-
pitote out of the w.tsr givcn then low warcr solubilitylE
Bcing highly insoluble, they ne€d lo be resolubiliztd into
forms tbal plaDts can takc up and such ! process ls uo_

likely lo trl(e plac€ with sewsge under Dormal conditions.
This !tudy €valustes the fale of HMs in ulban s€wage.

A thcrmodlaamic study based on stsadard Gibh Aec
cnergy change (Ad) was conducted to dctcmine whrch

meral-salts will be forDed spoDtaD.ously under amcrobic
conditioos. The Ad valucs wcre cslculated for each

possibte rcaction of all th€ HMs with olh€r anions and

rcuEal species. The most spontaacous rcoctions basad on
lhe lowest Ad values wcre det€rmined to arrive at the

most frfiblc product saltfonn€d. Ba3ed oo rh€ solubility
limits of lhe sal6 forme4 this snrdy shows thrt HMs
pr€sent in thc sewsge will tum almost immedialely inlo
itrsoluble sulphidcs whicb will precipitslc out of thc

wrLr, thu3 rendering the wastewatcr ftee from HMs.

Wrter ch€Itrisary ofhervy m€trls itr urbrn r.wage

Unhke lhc trDls filled by run-ofT aEd drying off duriDg

sutllrnef, scw&ge-fed water Mies remBin oof,tinuously

filled for dEcad.s and show trEcrophytc infestatioDa
Within a fcw Eirutcs of dischargc of scwagc, lt Sets
mixed with r targ€r sewagc flow and rapid di8ostion of
rhe orgatrics b€gin. This sbsorbs all dissolvcd oxygen a

the sewage first becorEes anoxic and almost ioeediately
anaerobic. Under sDaerobic condilions hydrogetr (Hr) is
g€ncrstei ard sulphat+.r€ducing tacteris convcris thc
sulphur in orSanrc matEr and products of fermcntatioDs
ro H,S and HCO; (eq. (l))'17. Nirrates &d sulphsEs are

used in plac€ of oxygm, rele&srng H,, COr, NHr and

more HrS. Tte rcdox potential measured ng6inst a stnndard

hydrogen €lectrode falls below -200 mV. CO, is rcduc€d
rc CIL using H, by rnelharogenic bacteria. The rcdox po-

tential &ops up to {00 mV, a slagc rt which few met ls
csn rsnain in solubl€ form The HlS productd (- -50 mu
rercts with the mctals pre6enr to form insolublc metal
sulphid$ that subsequetrtly precDilrte (eq. (2))']r. This
precipitation ca, bc corelalcd wilh the Kipp's appiratus.
This is used to gercmlc HrS, which when bubbled
rhrough melallic s6lt solutioEs of eitber Pb, AB or Cu
forrB a bbck pro.iprtatE almosl imnedialEly, even as HrS,
was broughl near the salr solulionze. H2S resdily reacts

with m€t l ions to give corespoDding metsl sulphid€s.

2CHrO+SO?-+H1S+2HCO'

(in the presence ofanaerobic bscl€na),

wherc {HzO rEprcscnts or8aflic msttcr

M'?. + Hrs * Ms(s) .l + 2Il, (2)

wher€ M includes met3ls sucb &s fe, Cu, ztr, Ni, Cd ctc

The met l sulphidcs formed b€csusc of aDerobic cotr-

ditions have vcry low solubility in wstcr over a wide PH
raagero. llrese HM-sulphide salrs bind lo thc sludg€

which gradually settles os sludge or silt at lhe hkc bot-

tom.

Studard Glbbs free ener8/ ch.tr8. for he.vy
metrl salts lD urbatr lewage

Table t shows lbe sla srd Gibbs fre€ etrergy (A6f) ofall
oossiblc rcactions for 13 HMs'rr'?. As tho*n h tablc, for
erch meul. ad for thc formllion ofmcul sulphide is thc

lo*est, iBdi€ting thst G€61 BUlPUdc feBrtior i3 storc
spoohDcous/favourablc corydd to ![ othcr Etdtic
salt formations, Damcly Dclrl hydroxidcs, chloridcs,
fluorides, phospbates, chroEBte\ broDrros, bromid€s,

carbooates, Eetal iodatcs, rocltl iodid6, DiErtG€ .lrd
merrl sulphates. Thi! resull natcbes wilh lhe eirlier
studies confirmins formation of mdal cuhhid6 iD

scwagc'!'r atrd as explsined by cq. (2)". Also, lhis Esult
age.|s witb earlier stud.res wbich haYc ,lpoited lbrf
sulphide prEcipitat€,s are therDodF.mically th€ mst
copious Foduct ia tb€ iDol8suic isctiou ua&r aaartobic
coEdilioDs and HMs will precipirrte as sulphides !o fo.m
irsotuble ssltsr. Thcse drla stsohgly indicat€ tbat
propensity of mctal-sulphide formatioD irl wsltewrlcr is

thc hiShest and will occur npidly, if not inslantly

Solubility of berry Detal ialts ir urban acer8e

Solubility limils ofsalts in a liquid can b€ dctcrrired by
calcuhtin8 thc sol'rbility prcducr (r(r) at a Sivcr pH aDd

remp€ratureD. Table I lists the 1(o and solubility of
various m€tal salts ar 298.15 K. As sho*D in th€ Eble,
the solubility of sDlphidcs is thc least rt room tcmPerlhrt
(e.g. for HgS solubilily at 298.15 K is 1.47 x to-rt rngl),
indicsting that rh€ Eel.gl sulphides uE leait solublc ir
wat€r. Metal ligan& sre forE d boscd oo Lcrvis's acid-
base interaclions. Hard ions (such as Alr', Ba2*, Bc2*,

cor', cd) have U8hcsl aflitrity tooards ioDs of h.td
bases lsuch as oH . soi . Col , HCot) to form iolic
cohDlcxes and are less toxic io nature. Soff 5.id ions

lsucir as eg, cd'], Cu', HC) h've histcal afFnity
towirds ioos ofsoft basc (sucb !s HS , S' , ('!,1-) to foIm
covalent complexes aad are loxic iE naturt. Tte tcndcncy

of mctlls to fonu solid phi!.s, such as culPhides, is
relat€d to lhei hard ud soft (L€wis) acids aad base

qualrtr€sy. Each nel.al has a 3p€cific afEnity with each

anionic system and the ordet ofpr€cipiution b deP€Ddcnt

CURRENTSCIENCE. VOL, I2I,NO, I, IO ruLY 2021I0
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T.bl. 1. SE drd 6i!t 6!. 6.r$, che!. of rh. !!6iol! rcter.d

298.15 t( 
' 
b.,

$lubiliry Dr.dud .(Ed.!o rn hlubiliry of havy rr.l! .t

solDbility (brl) rr298.ll r

15 K

rEohDt _
t,36x Id

5.9 x ldr rl.t5 x (rd CrcL.6rr,())

(d 26 idic 'r'E!l[t'r?
&1298_tJK

-422.1

97_3

r16,l

-140
42
-56 6
J,6
0l

20.t
r().1

at,1
4t

-305.8
-t7.1
102

ca + s'J cls

cf +rcl rqct,

Mn"+2cl r M.ch
MlF + 2NOi + rrr(NOrD
llr!:' + soi- + MISo.
M.i'+2Br+MnBr,
MnI'+ 2F r MrFr

F.* + so:'e F.so,
F.!+3Nq. JFqNGI

cd'+ 2olf J cd(oH)i
c.t:'+ 2r J cdt:

Cdr'+ 2Bi r CdB.:
c<P'+2crJcdct,
cdr'+ so,i r CdSOr
cd:' + 2NOi J Cd(No,;

2Arr'+ lS! + A!:S!

zie <zn)

2"" + 2oH_, z!(oH;
&"+col r zlcq

zll + 2Noi r zDfNor),
zr"+s,oirziso.
znl'+2Cr)znctl

2n1' +2Oa ) ZnBr2

cor' + 2olr i C.(OIID
co:'+ 2F e Co$,
co,' + s€,tl J cosor
co"+2l + co[
Co:' + 2NOE J c., No!;
co"+2CrrCoCl,

Nick.l (Ni)
Nir'+srr N s
Nrl + 2otr, Nitolft
Nir +2F + NiF,
NiF + 2NCE r NifNO!),
NiF + soi J Nisd.
Nie+2rJNU,

2lrrot

.

l-2 x ro!.r291.15( 1.38 ! lO_'!t 291

0 19,
t,5t5

8.01x Id

8.3 x td

-761
o.l

-o.3

26.9
16.7

-101,1
0
0,3

-161.1
ll6
-20.6
-t2.5
-10.7
-3.9
-.t.6

0.1

5.!5 r lrr 29t l5K
2.rar td

8.67 x lcrcr 29t 1J X
l.7El

5-46 x td

3.? x 1tr".r 29r.15 X

I5K

r,059

5,i,6 x 1d

0J7t

2.88 x ld
6,069 x ld
a.o3 x ld

-t11,2
lJ5
-35.2
4.2
-4.1

0_l

0.t

3.0 r toi..r29t t5 K

- 9,7

-t1.2
4.9
-{.,
4.2
4_7
19

15K

Ni" + 2Cr -J
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Ad-,r(,E GrDl) r,.r2e8.15 K Sotubiliy (DS/l) rl 298. I t l(

Cu-+r+Cul

cul + cr -r CuCl
cr!+2NOirC{NO,)E
Cu:r + SOi + CusO.

6,27 \ fi4

8,31x rrrr rr 29l.l5 (
0.2!J

t.t36 x tO'

s.92xft

-388.95

-204.9
-41,9
-46.8
-14,7

0.1

12.8

-240.1
-9r.'l
-?o
-44_2

-41.2
-571
-24,4

0.8

-160_t
-13.3
46

-15.1
-.29,5

-71.1
ol

-3m.8
-t62.9
-126.6
-r09.5
-r01.8

-9t_E
-14I

Silvs (As)

2As'+ coi J A&co.
2ag' + COi, r\&Cq

As'+ Bloi + 
^sElo,Ad+NOi lAsNo,

5.3E x lo'

2.8,1x l0 '
0.002
0.1!7

2.t7x IOI
3 r39 x l0r

1.90?

1.729x ld

pb2,+col_+PbCOr

rb,r+sda+Pbso.

PbL + 2ct - ?bcl,
Pb"+2No,_jPboo,t

gExlo'
2-5! t I(r.
3.3 x loj

0,0?3
6r15 x Id

f.?!E x Td

Hd. + s'r ncs (rd)
He: + 2I r Het:
HsI+2Bl.iHgrBD
Hc1.+2BarHsEh
Hgi' + 2Cl , E&Cl.
Hd'+ coi e H&cor
Hr:i+soi_JHeso.

0.0t4

03ls
0.003

on the differenl KE values. Lower (,, indicales lower
solubility of lhe salt. In addition, metal sulphides are

anphoreric snd only sliShlly soluble in wate/'. The solu'
bility dat! in Table I suggesl lhat sulPhide salts are

wster-insoluble, and form most stable prccipitares under

anacrobic conditionsY.
Another aspect that plays on iEportstrt rclc itr HM

chcmisry is pH. Figures 1 and 2 show llle solubility of
various metai salh i! wster at drfrereDl pH values17. As
shown in figures for all HMs, tbeir solubility d€creases

with pH. Under anaerobic conditions, the following
proc.sses .Ic knovn lo incrcase the pH of wasles,ater
above 8, fiom jts initial valuc of 6.8J.3, i.e. corsumP
tion ofvolatil€ fatty acids by methamgens a reducdon
of sulphatc/sulphite to sulphidca by sulphlte rcducing
bactcrisb. Under lhis pH conditioD" thc Eetal sulphidcs
of Zn, Cu, Ni, C4 Fc, Mn Hg and A8 are le$ soluble
ond n}ore lik€ly lo torm insoluble preaipilater?6.

Under anaerobic conditions, tbe HMs arE known lo
speciate aDd shifl lowards the solid phase, leadint

I2

(o lower conccDtmtiotrs i$ the liquid ptrse. Tb€ Perccn_
tage oI melals in the liquid phase represenb only 0 5-4 of
their rotal concenEahotrsl', whereas the rcmahing 99 1
96 shifts towards solid precipitate.

These data show that HMs thal enter thc weslcwater

systems whicb b€com€ anaqobic during thet F.Ilsporl
along waste stscrms, teDd !o forE Delal sulphidca which
rapidly precipitale out due to their low solubility-

Wster quality rnd he.W oeail concertrrlion h
urblD sewrSa trertD€na platrlr

To valdste $e above throry,lhc ttcat€d wistcwater fiom
K{ Valley and Bellaudur s€wnge tscaEnetrr PIttrl (STPS)

were alrlysed, which havc rDaerobic digcstion os P.n of
their hcatme.t proc€ss. Trble 2 lisB lhc dischrgc waler
qu.lity from th€se ST?s aDd compates il with thc CPCB

'nland 
surface waier dis.harBe sttndlrds. The coic$EatioE

of mctals was determined by inductively coupled
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I.U.2. wtla qu.lir, of lffs. ft.rl@r ptrt B oD lO

CPCB: illed ruLe sEr
K{ V.ll.y STP E ttrdu STp

PH

M&8E6. (! M.: b8r)

C.dhiuD (a Cd; Ds4)

Tor.l .fuic (s Alt qr)
H@hlar ctDnir (r Cr + 6i @nl
Totil ct oDiro (u Cr; br4)

Aluniiiull (u Al; o3n)

M.s!.ri@ (.. Ms; Esn)

Sh.ll mt qc..d 5oC .b@. 6.
'@ilin8 

w.E t@Frr@
5.t-9.0
30
2.0
50
2.0
0t
0.2
O,I
2.O

30
3.0

24.6 24.9

0.!61
0na
BDl-

0.0fi017
BDL
0.tDr

0_006

0.tza
0,@1
0. t09
o,l,.5
0.02t
578
t7,t6

0,000698
0.tD0429
0.0@96
0.00l

1.A

0_32r

oo2a
BDL
BDL
0 00r

0.(l,.
o.o21

o.0@64
0.02
o.0l

0.0t7
58.:r5
1.35

0.00t
0.mol15

0.d)3
0.001

0,05

884)

EDL, Ecloy d.b.rid tiEit or I x tr', Dr4

0.0r

CoDcluslon

i
;tI
E
8
Et

i
E
n

Bg
E
E
E!i
aI
E
.tI
a

phsE|.--fia!6 sDacEomrrry flCp-MS) rncr fflttring $c
somples using 0.45 Em nembr.be fittcr and ridifung
lhem h 2% dtsic s.id @ir, s.cordhs ro 6e ApHir:
The rclults iEdiclte thrt HMs in &c sc.or sy tE ted
water thd hr3 uDdagooc aaacrobic EtaEh.or at! wcll
bclow ttc discbarB€ linits. Tsblc 2 stows thrt ttc tslal€d
wastewater docs not codain any harmfirl HMs above the
prcscribd lirDirs, which pmvidcs cvidm for rhc abovc
rheory of HM-sulphide fordEtion and sotubitity in !€wsg€
syslems.

f,llr! I

pH

Soluulitio ofra.l lydDrnk eir rutphidB $ ! nmrioD

rrrrrri

The relstive conlent of HMs lends to accumutat€ in urban
$wag€ wbcn orgrdc na[Er conEtrt is srqucotillly
digcslcd m thc food chsin and ofrcr, itorm wat6, scwagc
and..industrial emuenrs bccom€ hixed. OcaasioDalt,
sDe[ aEoulB of itrdurtrial etrIuenrs cnrering fuitiveiylnlo s€w8ge-dorhina \r,sstewateN lrore e scriou chrl-
l€n8e to lhe raflc of ts itcd waslcwata. The scv.gc ,ys_
lc4i uod.r troficrl cliE tic condirioDs uadcrgo rq,id
anecrobic digcstioa l.sding to pr€cipit tioD of HMs as
mcial sulphidci. Merrl sulphidc prE ipirit, ,rE tbcro0c.
dyDarnicall-y thc mo copiou3 product in thE imrganic
rrlcooo ot walllsat r uDder dr&robic cooditioD!, It ia
thcrcfore m important condition thll .ewlge flow is
msintahcd undd tyf,ic.l ana.robic conditioB: ructst for
a f.w hous, lo cosur. thal HMs if aDy, ljl sllowcd ro
forrn insoluble prEcipitrrcs thu6 rEndcring rhc wasre*ater
ficc ftom HMs. This proccss E lcs tbe scwage Eore
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lt46d,rnwtu

uhnitdd drq{i ffi
Et.r, t{I4 rt tririo

4rkulrnt t rl8.do oe *l lotr ..l!E @Drtr
t,d4&FaIETEIIEdBEI hdE
6 {n x|tr,'l rd ttr E cqt o. rE
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2- xrEl,.l.rd @tt ld.

tu o{t.Ide,tffi,,,(Mtt@,

lndffir GW El.trtE. ltr s.vec drdtht_hlt EelShbouint ar@! of B.r8a_

l@, i,e., Kohr dis@. xolrr, a Nlghbounng .!,sid of Equ.run! bad

omd dry dE b dhrod c E EnJ, fd dE l3t t 0 ,gB (CEWB, 2016)

ft.GWE ollrc inrlE Xobr dMicr w@oksdlt d 6 "oE<4loid"
0nd this cdt d i, th. &plctid of thc GW llbL l. dE dlstrld (DElArl

2@o). TtE DEAA 2O2o EPon iodiot . thlr dE Gw t DL i! lh. .ffEd
aE r -3sO--{sO n Adr lttMd L'd. TIE FdblEI ddrgh cloditiq
dE ro dhlnd EiDbll dd GW d.f,cigEy d,E!.ry i@d led llt d
irrlt.ring.R.x @pplnt Plttd & Preductlvlty, si(,-qmomic slrNr,
and dl8rerion of peopl€ to B.itduru ln sar.h of nDlovm6t
(B.Iulc.ya, 1997; R{rErLrh et aI, m17; C.rg.t rl,2orl0) TlE IftE of
rhi. srlrdy b ro qqtit tlE sioffnic impat of larse.ole rEycliq
of sTw for lrdlr.o Gw EhESe. Sp.cifialy, Ul. obl.ctlv6 rerc i) to
der.minc !h. IEp.d of ildiEr Sroudwats charS€ oa .ur6.. ward
qualiry, cw LEl .n t GW qudity, .nd U) to d.t6Eie lh. ioP..t 6
si€omlc &EhtdEr d sar.iEb irr.

Tfie sio.dnonic inpad wa3 q@tified by coEporins th. sic
&ononlc.ha.86 in $e lhpactd lEti@ (i..., legtoru Innumed by

STWI wilb Uar of th. mFiEFd.d hdlis (ia, EsiG td inluo..d
by SnD of xold aid a cffpaEtiv. nldy wB tLo @i.d out b€twa
pE Dd p6t n ydirg psiod of lte imp6cted !ta.

dishar8. of Eeated 96tffr.r lnto EEr bod.. a w.[ a for lffd dte

!d.yappI6d6 O.IGI, ,r9. AX tlE .i8 w.t6 qtEti9 p.l"dlg a
F U. H@DL NCT 3rrDdard tlldly PE, tiolort al oryta d@@d
GoDt, c}l.Eiol orlro d.!E!d (CoD), totd sus9ad.d $lids (TSS),

roBl.IE%t r Om, dtd @Edd niEq@ NHJN), Callr. Cs.Pho
rBr Oo.P) sd fel .di6rE rEt lmllond. h .dditiot to tD. .hoE
.ithr FDdtEs, lh€ slw dd ntf@ Ets qEtr9 -@.ho qnFtd
with th. c€nn t Poludon contol D@d (cPcB, 2013) nodadt ia
disollrd orysen (DO), elecfic condetivity (EC), sdlM .bcorption
Erio (S^n), ard Boro (B) tr.br: 3) 

^n 
th. w.ra EPL! *4 nt d ln

Eipucltg lrd ddqc nls abq wiib tud.d dceidon n Fts.d
6ayg. t id. dev. A d.triled @ryC! 6r havl, rth *..!o6[*n q,
fd the riw 6.naSG dluinS srPs ald sn{ u!ln8 lcPrrs (Qq*tuPoh
ICPM- IhG!@ X sEls tr). An arcnPt B als E!d. ou lo @I,e !b.r
ltl4ati6l ed FEt"l .4 prldlrrs tP@Pr) i! th slw udlt [(l'ts
oioa t lrliat 3@o clteoo), dicclrc.qdpped wtth cl8, r5o t
4.6m, s |,n EEc.dphec.lmr Himi ryd€lartBddddtibi_
otic Gi3trre b.ct na (AR&) wd orrled out Eint &y lrlc" SEiF
(t[rncllt).

Th STW lan'ry dl l3rl su,ta tdtki o,.I 12 durat @ t itg,@
i@d by tlp orfB, nE fou$ tel iD CluG 2 i.e, ClsdthEhalt let
shich w6 @ of dE 6rlied t!l|.5 tol@iE sTw sd i,It ly to b.sEbl_
liz.d oc thb Fiod B 6Gr 3 tiqEEinE t n[ hlJ@€
@!F& tl G, G EFtddE tEi ftfi adt of t E 12 dtet i3

reprEd h tbl. Er of 4Fdh B.21- s!,4 M @d dt K&C aokt prois

Kolsr dinrict is in 6 eri{tld, dsttht-Prclc l!tl.'n l@t!d ir dE
stlp$ of rorD(atr snt d.l col6 u dtad3gS lit wnh. FFrl,e
ti@of ls4 trUli@ Ihe Mio sout oflivelih..d ln lh. distt E.8tt d'
uft ed .tloclaned .cdvld6 ((oLr dlNmct pm8l., 2m9; Nagrmj e. al.,

2oo3). &ftul@ lt srdy d.F.&nr 6 airw.&4 &i!G r g'd-
r6nk, .rd boeelb Kola' diltict !'!ci.rdy h.d .@d 30{D ,l4d'd.
surfae E. oiF/bil6 which w@ the hitM tn (r ttt@ (Gox
(cd.trmrt of K,Dt 16) 2016), TtG tad fls we N.d ior vdiM
pupo*+ rEh s @trolLd iEisadd, d@6dc lrd lttder D..ds, ad
lko prond.d Gw EhEEc (brs Prgbai-H6*6, 2011). wlth ftd. q
no rliB ortr the lst l0 years, nureEB tanb ond bor.edb hld EDne

dry and th! Gw t bb deuled ar 0lrIoiry l4eL d!. to ovlr+{loiradd
(mwB, 2016). Th. d.pth of inttttid bonlElc waur hld @.-H
-251L3{x) n frm tIE *r6(t (GaB er aI, 42o).

the I(&C valley prcJ.ct n a llBesle (-a4O MrD), lndiE t GW

c.h5r8€ projer initi6ted h Mstth 2018, by th. MiDor lriS.tion &d
Crcddwater DeveloplMt (1\,!I&GIV) Il onarot of the G@.tl),Mt of
v.marala ro provide rdid to the FEisrcd dmudt'hit 686 In thc
I/@l& distri.6- Tbe prcj.d aitu to 6ll errtinS r.nl6 ulu8 fiw ohint
fbm the Mo ets of sTPs l@ted in B€n8.Iuru. Tnis p@j.ct @v6 five
Talulc (shsit of a Dislrid) in xol& diflrict Endy v@lar, SrinjvNpr,
MulabrSitu, B{n8amper, lrtd Malur ai of Jdy 2022, 6 tdl of | 37 Ertt
hlE beo 6Ued. I'IE .linitdrid of sTw to qisdng larls is dM<led inro
12 du(d in ordq ro nack the $pply, maint nofi€, aid imFct A key
rup of rhe prcjet is provlded in rk. A1 h .P!.ndit,t- The Prcjd L'

d6iti€d,/inDl@ted by aEriiS elety edaffi tudg tlEFrbli<,
fea a hl-tl4FBl(Krrr'ada& EoSlstr) toad is ddlE.dr talf dq
@ds *nrh w.t6 ii m6r ftr itrdlt t txEudwats ulES€ only" Tlt&
prcje.r was d6i8ftd ro prcvide lrl$don u6tct lo -24,000 h. of la!d,
6ltaE Mt6 cuity fqrobr, G.reHht dan ard aiDl DhdnEnrr,
BiE tl' nr.l dq6y, lrd dtiDely &nFm dE qu.lity of IiE.

222 @-tttb.,@ (GtO t td@td$,lE,
To tu lh iryd dsn{ E,dl4 c Gw Ed-8! d kda S.}ry,

Narar.pn tol!*ll which wre wIhiD 2 lo of Chosda EIi El c
ldodB€d td this study, Ebtortol .lab on Gw lcrels .td Mts qutlhy

weE nhrid-Em DG xadol! GdEd }{.E Aulhorly ((Gtra) !d
FEiptErioo &6 E! otiair.d fr@ th. vqmeta tu iLtlil DrG
Mdtltdlrg C@t! (xllrB{c} Tt! Fdcr.t! stditd er Gw q@[ty @!.
F&wq.plqEc,tor.ldi@lrrdeli&(Ix6),niu.t (xo,-),'lltu (sci ),

dE prDr. cor.P), rodlm Ol!'), ClciE (Ct*), cbldid. (O ), E!€r-
dm 0rg*), p6i'D fl'), ed ElEide G+). nE€h @ rqEidE
horflltl .hb i! FEvld€d in thc nEh Eq G-w qualny <ht of 12 tqE|
ladE boE{rls aulxl lrtrkr CLDL B.r), for !I 12 dulr.B 15 ProviiLd tn
r.Db 8., o{T?stdir A

2.23. Sei@lcarfi^
v bt6 tbfl e nest (Etthln 2-3 lrt) (o lhe tatls flkd wnb STw

b.ve be6 cosidead "irD.rrsct d" or dp.d.adng be flE A@ STw
Eyding ald ns86 wh4 th! r'nl ba mt @iv.d Slw dtire to

e@in rEts qh ol b.in8 drcu8ht-PrcE/din-led, aE @nstitdd 'nd_

To as6 th€ sooo<ddic impst of th€ x&C valley PoJ€c! a two
step dat @llEtion ped wB followln i-.., l) aPp@cnrg isffi
rhrcWh r 3EuduEd horhold 

'Fey 
dd 2) naliry dr to dirErart

8@Imot orrbiatiors of Kolar di$rict sEh .s the dcFrhot of a8n_

<ulMd & IortiodMe depdnMr of EtEIMy $ietE++ Xdsdi.nict
@{pcrativem productr's sl.ti6 mi6 hd., &pdE t of 63hdy
sl6G sd dilEicr ss.il!@ offe CqE trtiE &ra ,ot a 6yat
pqiod, b.tw6 2016 dd 2021, €. mllkr.d for I(oLt rtt Eict ftd
the ortuiatim. Date b.ted 2016 and 2018 wdt @Lgdi4d 6
!ft-rctdilt' .rd r}.l b.tGr ,r9 @d 2s2l 6 ldiE)rclhd .!da

TtE prst dud, @vE€d 12 vutaeEs in th. yolE ihdicr @qiting 6
viU,aSe3 f,@ ihp.d.d al6 and 6 t@ B],nF.(!d .la ro 6rry qI a

crnFEdE sludy to uatyie the lmPet of tht X&C vinsy poj€cl .od
itr ssElMbility. k wB Nurld lhat rh€ .l6tc.t iEp.ded ald M'
imloct d vilagg r@ witllh tlE l(016r din rct wilh dE 5E t(tttt+hi_
€1, hydrclosicl, $.i(Eltual, l8D<liMtic, 4d oviM,Etsl condi'
tic. Th. l.r8Et dictee b.t!*gr imFcftd dd n@impEtd atB E
jud 55 t@ Aho, tb. inpdid .d eiEpaded gqlF of 6tr!s EplE
st rniclly rh. Frd@uit ld! .!d DaryiMl hlrtE'(Srtr, r'2 h.
land holdlns) and hlvc bm (riryint 4t a 3imilar parED of .griodoril

2 2.1- wotu Editt @dy.it ol saoey tdd,*d, @n eit tu*
The STW s@ples frcd 5I? .nd wate. sMpls ftDn $.fae tark

recirn8 STW w4 oll(ted.nd sn lysd follo{in8 thes.nd.rd tuthodt
(APHA, 2OO5). r'lr 161 6dts w4 @EFnd wtD 6e n6r rEirg.nr
surfae urd dirhds. tud.rd! s pBib.d by Iodial Th. Hontl.
Natl il GIa Tributut (NGT) (shoh iD Table 3), which felE or the

Page 43 ol 72



I -P)
+ r1,(l -p)

Sddlon ol @pL tulE

acdvldc fd a rsonnbly tong Frtod. Ih€ prEdoolmr dm!ft@D.rE6 rn. irlFtrd .!d oon-iDpct d ,!r8 r& th. M rbury ot
sTw ln tbe. l,t s lrd sh.I@ cw tev.l! b.c@ of thi, Eyclh& A$t@.dc t.D.work irdjcrdq rhe .mun@ .!d tt. d!ftGrr.-drSf.dd! b.r'E 'il:!f ed nd-hFd.d .n6 h FDuH b ns. l

r.iE rc uE y.r Zr2! E (o[.6d 6rtrl try.rd [a tmtnFr.d
Eudy a'6. TrE nur$6 o( torrt! sd..td ws b6.d n tr. po!.Ufry
FDpordmal ro th. rta of sMp of the | 2 vila!6. Tbc e,nple sizc (n) otreh.t'r bou.notd uitr In th. 6tudy aE w$ &rc nt .d by.pplytru
uF touopilt bmda (ArIh ,nd Cotror, !9SO; XldaD ald Bh.lcraq
3-o: lt9 1{wk:neeru6rey.6nyDp/$Dplclizealddrrorr,t95-%!f oniddn !.v.t, etl.e , = ,+(oE 0.96), d r llllriI ofoM
(uusr, p r sd![ t d poFlhdm rdopadd| (05. rht! trrdniz!. dE Er.pE n!) ard N = t(r't .rdtE of tr6d. boldEtd (lors).

. A@dlrB ro drt. foiDnt , are ..npte,ts6 {4 foud ro bG ld.d for
tne rl'rdonr 5Dplnt drdroit, h6re ! roEt of 2ao hrnE, I@ ..rsrir
for U. Flrant stnt, ftc hpt. d(dDortoa of toF.t d dd lu}tEF.t d ds. ir pn ard In T.b!. 2 .!.t i *lleE tk d.t6s o{ rh.
mdnodohs, h.6 D.dr rcF4led t Plg. Z

rb.l,^rlE i nrkt ffi.j4r tu d dElrd! 
'Er

Fkrd/hd rtav. tEE @Sd G. tud.d r@l ft..qiridr..dtn h!od.t ri6c6(V.horad Lea-rrrerElda, zE , !n ord6to.dUcEtLobJ.criEoftftlFt f lrldyaqu&ld!yBd.dgD.dtbar
rtEr[d.d 64 qGda dtloihrd *d a rgtEr. s nFEd bcb_.
r m d.ta !.r ct6. a dy hoootanc ryF or r.m6 in ltljs nAi6
ard trE diti.al drficc t rR@ rlE two 8@F w@ only lh. e.Es
aId .vatlabiltty of c-tv td adcduft end Eh&d lvdjl,o6dl

i) 8@@l lntolmrion ed so.ic(@dric $atus inctu.tiry ndc, q.,durd..l' GrrEddr md i,Er€ of rh. i.+dj.taG.
il) a8ri6dtual .cdvid.r tn ldilS tnforEltid.bour bDd ow,,ht\

Brbh!.lldd, op FtE'.,idivdifl€dr|, orpFdrcdd! niEod oerhod of Hrrt rL m. of Xv.rtrtq aIf F!tud, t Dq,udldoq Gd.qrr6 dl|EE
ilD lif€*tyle .nd propqty .nhan rE6r lncludhE th. Erar purh&tr of

nourehold Moid6, lsricdhlrt 6.is, iaIa, *n"Urto,a,r or
idrse, tud Etu€ (FE 

'd lGl-Ecrrtils), ad odEr
lv) Frbtr, ulm.t heth. rDd pcRpttortsElr.d qr6ti@ in hd.

wh.ths $. tncidemc of dbas Errdy waoertEd (cltota!, .lk-
rh... tydDi4 eE ) bs t E!GE| duirs pd.Erytld wlrE lBe rb.
srrn6 of .niD.l hatti./dl*-WrlorEXry (.h6S.. ddlt !i,rrl(7rXre . t.Eal oDt ifi a! Grr i.altiE n d p.CtiE hrF(r d
dE prcr.( ed su8r.d6.

Th. qEfidEjE E rfirrurd ro b. FEiE d .opor dd ck r+
.nd.d $6riffi", dd Edtlptc<hote q!.di6 to otrli. ,Fdn< dd
Fi 3 Tte hoahotd 6orvcy w.s @dEr.d b, adnndlnadi8. qrric
uiE t@ Math 202-tLy 2a22 V6t l irtub.it (c r- orit_r
rr@ rtry@d.n8 D.ro.! i.inbiratq th. qrEi(Eli. .!d tL Fryaor or. ,udy wa mil,ld (Lsrdr a .L, 2Ot 7: ndy .t .t-, 2Ot gI Hd
or drc hrUn6 h dle tudy E!6 E@ dl. FtE, E+oodots.

wr{.rtdb.c,5,(e) r@,

Lo-tFld

An ldqdtdqn nud6f! t+.t B Ffdned lo Eriry d. ttdr,et
sitnlfrone dlfr.rlne ir obt hd d.o bttf,en tDDlcr€d ad n@
rmFcEd .E6. TIE 6utE .E E?lEnoed !. blloBi: (.) r,rs (lm dgd6.
clno tor p > Oos, tb) .p < O.Os, (c) lrd .p < o.Ot . TIE Fr!fi6. o(
cndlt! E (ani.d out ro edrr rt. dlfiaEc b.ftEn Ft{rd pc.

l5
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Eyding daia of l(old disEict by t Urt e avEaSt of 3 ,t6 tor evdv .ri!.* ot rhe mts lr[o w.ts bodl6 ed tu hd di4dvapdi(dcE.
(NGT. 2or9) Th. rcrrlts sc d.o ctiDs rtEt hFrut oilElr of
rhe cPcB "D6lSr.r.d h.r c.. of mra" ie, tadLt Mrd qualrt (B)'

prcpqitho of wildlii. ed fsEt6 (D), ad lrdtdir (D
3. nalb.rld ditdtdo

we qulty of s@dary Etcd ds ,nd sre.. 6nL

rb. 2. sdEBo. di4EE of ttE nHHdqr'

*r. o{ ttu rd E'a_,sg (ZE) rsD

3.1. Plvsio4@ntrot otld nioobid,4]li.l @Dty* ol @rtuf dradwE 32 l,atyns ol l@q nrala p@Nl.a\ otd Pl@drad.d Ptoi,EE
(PC?B)

Th. telt or the physiodlmiol snd mimbiol%lel snAfsk of sTw
.r tE outld of STP {d iEfre -dd o( Chow<to!!.Ui td* L Ple'bd
in Trbt 3. n ldl6t6 tbar STw toE SIP3 @d Clsxd@hlli t.Itt w@
DetirS the Hm'bte NGT stadsrd (.rctDt fd f'.('l (Dli6orh h $m to

Gtv€n tlE rid.s of teayy m€rrb on huner h6lth, h€vy m.rrl ist lng

Eaitolld rt8ddr, @t ory rn tt sTw Sstr.Ed i! sIP! hn.ls h w
wqe dieiinS sTP! Table 4 8t€ a tyPbl. lFsoath.hawyn 6hh
tlE ap stge EErint ttE STPS lid STW D.lnt splii€d fton th. SrPt to

dEt nke. Ai @ bc so fiutr Tabh 4, both lh. @ wESc dd STlv D..t
dE qirdng &iddB mter i{dards Is 1o5uo for banf o.rtb GD er.!,
2021) The STw bs t@r cqEr.ndy mmitdid rd havy r(,l @tat
aid ha ber rcFned to t€ wthi, &eptabL limils (sin8h, 2O2O).

It ls ltup@tar lo nore tlDt, bst d o th€ tDrtu of hevy Nblt in w
s.g. !d sTw ar th. sIPs. it l. d@ tb6t dEE @ m Elor! al'Mt to

hlllM halth 6 fd s heavy neLl! @ @o.trn€4 Furtt.r, ti€ s.sa$
8@@ted lDdqSG ! fou-lsrEid Fri6otio FE ,D@ty r' m E|
a@blc srage duing 

'B 
ortyre in dE !.w@ge 5ysr6! 2. a c(n!4

tiorrl @btc wat. @Endt systea th tu6rs r}e NGT ernd.d!
(NGT, 2019) (Trbl. 3), 3. a > 14 dlys 6id@ce arE ln @r.., with
alsal systd in dE ofar ward hod, .d 4. t los Fsqc oE hrffi
or nael$ of $il cdt d bd@,ElDr8in8 GW.Inis Sn tly eDh.E dE
poraual for ne.rly (@plete blodeSradad@ of l[e slod-to{.And.
PCPPS (NaEin-Pod a al., 2020)- Srudi6 o Pe"s for ttE l@tim
@ u,.lry.y ard DauniEry lsltt indlot. th.t .qlllru !CPP! ddr
6 lbubrofd, Didof@c, Azirhrcmycir, OpD0@in, C.titiziE, ud
ftidosn w@ aDcat in the STW.

33- tnIdacvrt4u lodon Wdt

Fi8. 3 rcpMtt the hrst@61 GW l*l of NolsquE b.c{dl whldr
w6 in the relty vlcinir, (sithlr 2lo) or impacted Chowd€Ehdli
Ed.n@beobc rd ton Ft8.3 dhrt the dcflh or$e w6tEr Lrd ln
rhe Nsrpua boE*eu ws appDnmdy 18 mbd i, (Je_MEy) m19

sdc :NGr, 2otq cr(t, 2ol3 cFtuftjr
,veAiI nting W.t r souE {ilhdr @wddl rtlm6t t( !ft.r {|iirft.-
tim: Loltdor Bath,n& C lHnktra Etr sN .fr6 ffitiorul hhnt
,rd disirf6rro4 DPE?.rldo of wlldl,rt .rld FEIE ,q E.ln8.don, IidEt l
cdling c4rolhd w& diFL
Ns, M sFiE sAR{odlu alorp.id 6t oi DG .tlelwd or,'arn
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we4htdb*dts,(fr) t@,

3.4. h@aqglad,rd@ @t ! tdbardrt ns

IB stb rlFs dl. oE n IEF.B dor xacvdby Fq<r itr
dlfr.atsioffiLscrorsid a

3.a. L h@ a d & cd M daqr OUta)

3.a.2 lr?,r, dqioltn dldd

$Ddr] of havy D.t b doldr
.nd Cl_ b, (52 96) sh@ c6Ftd wi6 Fr Eydlng plE rrE lqt<+
tEtlonofatloBwsaboEdt.rilwlEaGdrtl hC5+ lffiErioo
ws Dy 22 96, Nr+ by 13 Ct ryrs+ by 36 qa, ed x+ by 56 * Ir on b.
dtdd.d th.l rlE Erd qtrXr, p.r.lElts nryro'.d dE r. lt. trEG
lEt of Et6 tod dE nri.c Etl ad rho]sh ,!6lE rio iDto rh. sfl,
wr@ tE wdq FEh6.bwpdd d..plD ah. ldl d irilEr tak
tt! wc trbL, dd .ho de ro th din d..r 6da, AEb.&g th. ctv gEl
ity ir loldrar a It .hdba iE sEblltry fE tE! in lrrigrtir rd€re
.l .1. (20r r) lilE Eport.d Edu.doB in phcdldu! b, x) 96, 66 % fa
nuonde and 5I % fo. or8.ni. orbon duc to CW r! t!r8e erFnEou
rnxrtd iD uratd quifE rrlEc It. rrrla of dE D@i.d ndy 4
.le oppdEd !y rh. dt(G of Aqo ud CotlF (Zroa), Edcr.
.r .I (2013), BalaHml d .l- GOrs), dn Sbrr{frr .r d (rnr ).

xd BDL Ls b.ld rh. dGd@ llrnh of I r 1O_' i!/I

wla!.r lt E6c!.d 3 mbgl lll Jrrly z)19. A ck{ lddvc lry'*r od GW
leds (a3 9t) w8.oDc.flEd ln the !tudt d bd!rcI G& lbd.diar.lrnpct
of rqElr\8 STW. lt .Er b. .lrti,fr.d ttln t E sr6e wt lE hfilErd
into tt obrrf..! d p.rLod rtrdolly thdtt.o0 FnEbllrty,
TlE.toMwud now of ffiE thrargn tEvlty rdE rh wlrgr,bL.,n
inctEG the lab ln the Gw rsaroli ShilE dndi6 sE ELso Epord
by Ndd.r .t d- (2021) wno hlE EporEd lmprwld Gw @ddo! h
Erdor Ei6 thd€h Doid qdhE st *!6t d .I (2021)
Eport d Gw t DL r@vE ro 39.Cr8 tu by 6118 m{ed w6remtlr Ar
cw Gh&te Fl8, 3 .ho it?ltlart3 tte prrdDirlti@ drE whicl prEc
that 20tA-2O19 ,E . nin .hndt ]ra In th. (da iti,rEld bln idll ttE
{E d lad iEtd d th. llldLd k adm yhkn dlnm.ndy (nfrnr
thar rh. lrEE lD G-w Lrl Ir . drEr @rr of sIw rtlrdrng ,ldd t
6l€d In the Espcdlr rnl at rlE miled horlve€l loedd!

TrH. s n4iEt! r copdlE baE rh. Fi.crdt rs (2018) ud
pcr-fry<Xrg (r2r) Dha tr tlE hliodol Hts qudity dlta of thc
NdsT@ boEidl It @ be obarEd Ae T.Ue 5 thar lhe Gw qqdity
hat trFotrd p6l ncrrlirg in tht c& ofal th. sndied 3itnifi6nt F.rErn-
ete$. Il (,, h. ot .rEd thrr pdt ncFlhS tre E no Djor crDnS! ln
th. pH .!d tlE @l@ ofrh Gw rt dloliE oH = 7.s). fud6(d rlduc.
ti6 6 otsEd in NOi (5 96), SO?- (42 9t), F' (52 ct), PO.-P (20 %),

3.1.t.1. Wttuatpt DF-rEJ,dBp.rlod rl8.l lnd('E tlE
topo8rlptior ri.e of lrrit 1lI d ld 6E!te ln !h. roh.tElcr A&.[
yC!db,rd E.trd bnd 6,!rorEy.n! bB inldErtEdr 6F ro
udd.tr'd awtdcol dn!. ald $nffOht (vlirrE*.t rl-
Zrr). flE m!,!h rtdis.h.d 6 titE hF@lEt hOErid.F!d
ad of wt4 bodl6 tDh 9.orlm2 rn 2017 ro 6us2 b 2022. rt ts
ot .ivcd &rt .n rda otr! iEd ad 124 l ' ro 1i7 rrf d
dE@ ltud hq6.d 6m 2azlt 2 lo 2544 bn'ddht d. 

'EFiod Arjad6ge w'. oeFld b dt aE urdd fl@d tlS.rrdd
lndlcrdrE a 67 dffi lbploEffit am 0.(r/ k 2 h 2ol7 to 4,8 hD2 iD
2022. ft. d{r for f.lbw brd atd dBddd iidld.d . d..n-. of
41 96 ad 32 9a (H,G tlE rnE Fii- Et a .r.bIS.5 dr .r6lhrio.r
of ilt.d ,afi, tdi6 ad nlM ir c ln ri. l FovtlEr of trla of
agncahrEl d FDdrrdiE l.nd:

3.a.21. @1turat@ @d lElrrpd.r.d c!6. Elg. 5(.) l4.E
sdt! th.r th lrt uxla cddatkd of wsarbfB ftr th. ya 2f,1 E
r€Ldt+ hi8h6 h itrlFd dr! (57 lr!) c6p*!d to tu}bF.t d
,nE (29 ba). ,E c@n d dud.Drs &l. t vrlte canfirts d|at tlEE w6
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se4i,rdbdtd&t9@a)r@,

(5.!8. In 8oEdr'E qEXty hdE th pe b F6rEldi.a pd,.d Mt r Equiring dd mtq-lnt4lve /w.rc taaitiE qoPd (v.Aabi.s,

3a.3. @a qnannrnt (cq) Pld'.tul

Pt. a, chult in I6d e .ri lad s6 b.Ma 2or7 .nd 2s22 h rlE l(ole disi.L sdre: Errnomaid s)6M nerh r^dluE GsnD t^d w ml? b bzz

u1t. cdwila}.rattt9,E,d @d E}i,p@d@ E& 6(.) ltp
lent' rhlr the prcduction of ditr @t pLnbti{ dDF ,6 ELE'v.ly
hishcr tor dE yer 2O2r In nry.cted al6 (2s nEEic rd! (MIlrE) CqE
D.rd to mn-lrnF.t.d ata (I5MI/b!), Tt..@nt d ,t!d€$ r-rdr
vale irdi6rB th.r rlE! E. rlgDu@* drftGe iD e. m FldF
tid of ploratim @F (p < 0.Ol). SiiniLrty, rte r.ld. of yc8nrbLl
floweB, md cs.lls sEe hi8ll tn impacrcd alt4 TL mdors rt6r
vale cmfms thlr rhe( wB. iltnificlt diffaEE in lt @yidd of
ves.t bl6 (p < onl), flou6 (p < 0.01), &d etEk{9 < o(5) D.rE
iqdt{.Dd lgFiopdid a!6.It6 abo obEd rlEt rlEpildd
ofprls6NSn h M-iryGRd .,6oEFEd tolrDpcdaE6, Du E

sunlic4t dfrel4. wa er fond

a sisdfi@l dififfi h th€ Et@ vdE of th. 5E ud6 cultiEtio of
vesetaug (p < 0.011. nE srrd.nB ll.d rrlE s$B rhlr dEe B .
n8ff@t dlfftt!@ h the tlEa v.lE of rhe aM ud6 cddEd@ o{G
@ls (, < O.os), ftujE (, < o.0l), ud flor6 (p < 0.01) D.tw@ ic
p.ct€d dd mr-idpacr€d aiar. It wd ob6€rEd that lhe .@ md6
plarradd .td puli6 @ al& hith lD lrlpacr.d .lE .@Frd b mG
tEp4rd aEos, but a sigD$@t dif.rte ra mt fdEd

3.122 @t@in}',datq. Dpc{EJdrBP,id E& s(b) i.di.G !
drd€e in lgi.rdtral htd of rola dirEid Aqn dE FE ro pd{e.ycnDt
psiod. It B oh6erv.d th.t rhe e.n8€ a@ ud.r dnriEdo of legel.hlB
iE6.d 6@ -2O,0@ b! to -:13,000 ha t@ rhe DrE to pot rEydlla
Fiod't ct LdaE & !@d6s96. Drrirs th.@ Fld.vEEtE
t@ ud.r caltiEdor of $0{6, fruitr, ud plDtatid ed AiG &
at@ahc (SP & Arcm!) @F inse8€d by 68 %, s0 e6, 42 l,t, drd 33 %
rspecrively. A ninmM incit rE ot 10 96 9 9t, ard 7 9( wa obsv.d
fd .16 uder crdtiEtbn of Flls, GaIr .!d oI s.!d! EFtn/dr. Ir
b otrviE thatdE to the suEd.vdhbnity of ut6 th.@pplq P.lE rt
B dEDged tDm low waE equi,,s cEF (G.s., puls€s, oil sed) to hish

3.4.3.2 c tgfi b.6llre Dr,.drE}tbBFid n& 6(D idl(,r6
iEFDv@t i! sop produ<dd fd tlr. preto+6r rE turt Fiod
uh.E rhe aveag. Fldrcdd of fiowen, v.8.table!, plEbtio4 Edrs,
?i6, atda,qEri. plaE dd pah6 iEd by u) $, m rt' 35 c6,

35 t 2, 9G d 12 96, 
'r4.diEly- 

Whi[. driq th d Ftd F!dr-
tid o{cdt h and oil r..d! iE6.d Ly1r %6d 7%ony. UtvaDl tnA(

asii.rdoEl Plrd*rim h6 in@6.d signm@tly 6. E lt of th€ egld
aEibDllity of iEiE rr@ waE ihM8ldr tb Fr, th Evlvd oath GW
rabl€, .Dd pGibly dE to iryovd G qldty mE!8os{. a d"
2019; TFchuI a d., 2o2q ofori.r.l., 2o2l; tutlA! l{d R@id,
2022). S.cued w.ld dEibbility thEwhout the yo! Euhed in m
qtoded swprr8 @rf,d i drlDs! ln sorDlns FEan C{lddcrlru
dE rulrr.tilEEin l b@6t3 of Er6 Ndry, 6rE! !E6r to D.
E@ lncur'.d towErd! @5t .rq (vqehbL., nosEr) bt qdd tttlt

L.nd Ulr t nd Co!r.. K&. m17 ,r

t.
rB\s.t
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Il , 5' dE8! in .rrhdrd Ld (a) corDrrqr h<E tE
3*-11rr.u6qOlqrl,ar"^"*r-."#-Tffi 

lEo,c.we' t<i6rFFbpd.E dq Flod.re sll*fi GEr rrnE - v!A!bbr6 (io2). CsEr. (261) I
"p . o.or. pr.'*ro,'"**I J;tilil-."H?I*T rr3e} FruiE (reiL iro*(2&r), PuL€ (os9r I
dcr rrue Mrso, h.r.n* Eeob, s..o, *ro -,o."b"T-l:yYd "-'"ilI;G"k"?;;;n*ffili -Hl:fr
"t",*"-*l-'i,.. *..JiJi.J. ilSffffi ffi H*Ig$dvftrj:H.*-,tr:l;il. .iil;
3.4.1. b,w d M @nE Wn @n r,{t Fdd.n
3:,1:1: 

: ::Y1? ?Y' d'e@ @td @1rwa4 @a, (@).
rlt.7,(a) Iftlotq thlt th. rMbq of .h.e, &.t . 6s!, .rld bdEittowE nrsnE r! ,Eprd.d trus c@paEd to mfi.inp€ded uE II2x)2r.rm ((mqrEr,stukdt oE r edE crrflrDt dur tte difura.lwadg,jf-i@r fn ![!.0 (p < 0.5), tet (p < o5). (ow (p < o.or), aE hfialob < 0.01).

3: 1 z h,'E!d tul qd @d tot@ @ (D . Fddbnrn qta or rdlt ,mdudid h inD&Gd ald noEimpa.hd sEar i3

rYI*. Llf ,9r 
.r1'. 

,e dtr PtDdu.dn p6 d.y ws drDrn@t ye < uuu h4lta h ["D6.Ed .,B clrrFEd [o MirFcnrd &Es at2ral &!d l39t Ur!

!1!*Ytu f ord,uJ,trBP'ird(t,rr.d} rb: zc)suElr rrll..&EdaeElrbadh,E .d ia ddEly rEra€d dui!
T ry.r.:tcyrn'y.ooF,!d b r. F+ncyrris D.doa teeq, 6s.
l" l. ":.T. "P*d L d,. D.tr.E of ri€t.rIt nry. rhe !]mx.llEEr or 6Et lrra.d fruD 0.16 DIItid ro Or2 Dilto aid b!ft;
3_Ty l"T.o:G dr ro o.o4 d d froo d|. FF ro F.rE(Flq. Fiod trlich lldllltd . ttwrh .a _y, ,t d - 33 et E{6-dvrly- Odt r tin rodrrb. pt , d.q,8@.r dd Fdttyabowirned
I*ffi'ffi ff 5;ffi f * wrdi' EFEd t@. or

t:r_r!l,W p* b d.4ardi.u Fu (nik Frd,ttut).ntrldJ dcDoBtatd EIul lcvd pF eDd pat-Ecy.lt4 .trh fd tLrl@tr DllI prhrcdoE k id]ots tbll rt .Ent! r l Fr.lEda
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er.? Pqrt, Cfr Gofr
lilra

imFcr.d aI6 wll.!6 or y d I 96 in@6. *e aPqt d nun @E
iEp.cr.d atEs Th. tmpilveltEr itr f,sh Pnlduction .dtc wiN
sup!.niq nats&nB whid ehboEted (hlt t@ted 6t46ts ir
fsvouEble for.qua@ltuE doe to the pr€.ence ofa htghq commoltl,on
of ortmc @ns ad orhd rutn@ts sr:h 3 oDoi4 niEin:, dt l FtG
slum which is imporra for 6in gEwG (Z.ib.l er El.,2Ol9& Z5lb.l and

Zilttq, N21,)

B.i|[.?.e 5a.ad
T.ET

Fr8, 7, chang€ nr lEtet Ft,d and dlr FE tuctr6: (r) Co,Frt &rtr bGMm tnp.d.d .,rd miEF.t d .E i! Fttan or xv.nod O) 60r Fldr.tld
(c) comp@isid betwa pE b Fs I€lcI48 Fiod h ilE !.nsi of Uv*o.k (O ntl* prdad6'
G*' L a Ut x*.Ui to*y; (c) D.?{;r of v.tenEry s&t .., Iokl; (O r(dl_chfitlhorlPu Ditutd c@Fndw M rdE rt saicd6 rd6 Un xda'
xc stul@rs rt d vrlE: - (r) slEq (20.6), cct (2 1e), ca (3.r), &frlo (3-13); O) EII 0.rO. 3i8!tE@r 16 p' < 0-05 "p < 0'Or-

iftr6d dEirS tL pct cydi!3 pqtod c FEd to th. PG EvdlnS
Fiod. Milt prodEtlon w6s in@a.d !y 37 % ftoo 0.08 MID to
o. r I MLD at Bilglrpel.. Similev, e uEtte of 25 %, 17 %, and 1 2 %

ln averaSe milk pmducdd ws r€pon€d at Mulb.8al, Kolar, dd Mular

taluls, Eeectilely. FarlrB also reverl€d dEt OE q@lity and q@dtv of
nilt hav. b€en ihp(oved rlw to th. itro6!.d w of 8tun fod&r in the

dlity 6tion of unDrr t is didat fiw th€ 6JE dEt dE lElLbilitv of
wstE hd a pcihE inpocl q liv€5tod urlrg alcnt sidt E r Fodrrica-

3.1. 5, Ino@ @ f6h prol,Edm

3.1.s.1. cdt{@*s@1pn- iopddrt rt-lrBFird Fit. 8(!) bd.rB a

.l! D ri$ ir EshtuolrB dEtB tb.p6r-E rdi,E Fiod lD.[ i.[& of dE
(old diiri6' 11€ hbi.{ iEE6. ot 300 x ed ob6Ed .r rcF fouow.d
by B.nsltFE (221 96), l(olu (13:, %), Mulb68El (.9 96), tt'd Malu (29 96)

fton rh. pre- to p6t-r..rcunS Fiod. Flsh fmiES i5 o. of the Don
imponart allied *cros ln the l(otar di.tict ard occupia d lEponet
plae in si(Eondnlc developrnat, Therc wqe 8091 tuh f!r6 I!
th. xole dlsrio who w@ involved in 6rhen6 on a tull-tlne brsls dd
94,946 tuh tEma hrd El6r !9 fislEi€ &t\r,ty st 6 tutBrddy NrP+
ti6 {DeFrEEar of E hEy sdscr., xold, 2O2r).

3-4,6 hadr @ hn to,6

3.1,6,t. Cdtw,itm.rea h@d @ld Mlli"ezdA @ W.9 tfFe
sts dar the ha prie of agriculrE l Lnd 13 sHatldt bltha
0li.Z4 6ilid,A.) in ttc iry.td arE <qdd lo tL tE}@d.d
.,s Grr E io,/hr). Ft@ tb. prE ro P.arE dia Flod lid tElt
ir iBpscr.d als obdrd . lrErP slrdo *'tat PriG hcrsld D,
r 1S % c@Fftd ro ! m@ 25 ci i,m& h no-irpdr.d .rrr.- Aer.d
ahilrbilty of @t . thrdSl@t tlE,@ r!.!dtd in fenile and prcdEtiv€

land dd hE @u*d this dt r8e (R@dhl et d-, ml8).

j,1-7- hWaW, u iraid

3,4,?,1,cNtE& bM i,tF,@.|@d d-,r@od.d @ It @td he

oh64d Aom Ri8. 1o(!) that the toLrl nmta of mo laDou, uritizti@
for th. ,@r m2r In croP activitie, XBret(, &d De nonJlm *<td
ws htShd in ihp-ted alB at 4244, 2564, atd 1149 c@Fnd to tEts

ENF.

N t \\T
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3,4.5,2 c@puiw b.tueen tnryd ard r@ iTwded @ar It co'rfd be

ob3.N€d ftm Fie. 8(b) ttat rh€ aw6t€ 6sh prod$tion ircrced by
133 % ftoh 647MT ro 1510M'r Aoo th. pe to po6rEycling Friod in
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lmpacr.d .lu wtth 3279, 2Ot 9 and 930 EFdrrty. Tte coopuld stu-
d,6ds .-tcr vdue Indicts rhar rh@ G ! ,lrnlfl@r dttr Ec in rh.
n@n *orc or n4! t bo!! utlEdd i, rh. dDp .ctivittB (p < o.or ),&d Urr*ct Gror (D < O,O5) b.rs6 ,[p.fr.d .nd M]fip&tcddlrr H@.8, rtirr re oo sig A6r dlfiEErc otqt,tl, i! rt€
m.!r or of E! LD@ uti[rd6 b m.ton dvUB

Pl8: r0O) idol6 t!{&.t .rl r@brof er!6 t Dou udrLrdafort)LF 2o2l tr qp ,ctiiiticr E h.t8t6 tn ifrF.t d lns (6653)
oiT{rd totmiEpd (at s6)d6. Sinibrty,dErE t EEE FtuJ,utar ws! er!.t nd.uy htths wotrr! LDdn ui|krtha ob.wEd i!irlP*ild !,t r l! lhEtod atd 6. n@-kDj.t !!(td 1 .{63 dd 2lol.orE d to ooi]Dp&t d 4a, wiLh 2895 rd I r22 tuFcdv.ty. TrE
cDqu.d lr&its t-B v.lE hdtc dEt thar wE r d$dndr dtEo-
d@ In tb. h.{l se of {qEs |rbds udlEthr In dE dop *dvttt6
O < 0.01),lltt'loct(r.dd(r, < 0Or),ddl@toh.dlttkr(p < o.Ol)
b.ti/.6r irtp..Ed Ed t6h{Ed.d aBr

- 
An ltoEc h w@.!! dtrdoym Fnh Eq! rhar rhc rlvlval

of .€n.dtur.l trivtdd qp{..l.d woEo! .nFtoymdr opponunjds
theEby provl.UnS mique potdttst for wmar'! €opowErhoi and
lnf,EErB invol@t in d.<isid| @riB. Tt ir okrrdo .bo 5!pFr6velN nudE hdiGting ihar dFElEt lnd frMcid conEihtdoru! rh. hot lDr.rrdr 6Act6 decrEtrin8 dE tntott ld|ar of s6E t
drdsron-mtrn8 orhdi and Ahhid., mt?: p.nA.! .t .t., a,2r;

3.4e.ln?@aoEdhw

3.1.8.t. cdtwtn ba @ @n r,qi,wd aa .trbt 66d6r6 thlr rtr. .vE t. rxr h(qE of hDd! s6 ELthEly l,kn , h
EY 

=*'F1. 
!*@*d E6 FE rBla.q s. avE{.,'l(m. tim flda ohiv.tjo Is Rs- azr,sg3/h in |rp.(t.d eEwfEB Rr 6,345/fu tn idFhnF.r.d ,16, indtottqg dl tidtE ofzn ct Stdhrty, &Eq. b!@ Em lttta.th, dEntho ad ccE!clrtv.trnl *l, rho ELtttd, hrd 6l na 6,5,t 672lh., ir 3,ZasB,4E

8!d-nl.,19,3'l2rE h iryct d.lE @'pdld ro F^ 2,6q143A4 Fs.r,8,7{/h. .nd Er 323s2,7tE ,r rt€ !oFiDD..r.d .n-, t diorhsincE* of tSO rq 92 qt ard 53 % r! F.ttyrly. R.ror to hulrtpt.
cqting 6 wdl c taoEd lErioh@l oop yid& h tqld|c,r+d!ilk
fddhlrilloEE

It ,8, ot .nEd rhar the slE"ge lll@ne ftm lv6tock w.s ,u].th-
!-qf]-rri * R. 1,29,20olhm h tDpacrcd aftrj cocplnd ro Ra93,219lhm h mn]hp..t d das, Indi€ttng e t dt& o, 3S %.
SiDIrdy, h wa ohcoad thtr .v@g. itEDm ltom eDfani .cdvtd6
w.s 6lF rEtidvcty hrthcr tn tnpdd aia!. Dar, frm multrpt GroEIlEb lnlr prE lvdhulty dd th. iftrd cw r.bt d phyrnS Dlryr.ar EL h tli.rdtot inF,gEaddE ryDdh! iyra

s&q,,tfdb.d,st(a@,,@,
o)

lr-

l'-
l,-
I: I

tt. a. oEt l! tuh tus (a) c-@-roi ba,6 F 6s,;e(.riorD"!--;jf-Ft6#-F_ *ed-Edt{FLdo)coryt$b.tqb,Ft dd,b16F@d.,6
,rvd lrrEi.+roh ntut 6d N*t4ed sftrlv.F, rtulc

3.1.9. btvEad, n.dgt - t@a F.d@ d 6.d @n6icid
T.blc 7 lldtcrrE m tDFoe.Etr iD lh. buyitrS p.n r'l o, v.rtG

horldEld go.d! ed lSdortE l t6b i! imFdld es!r. ltir! s3 r !.
Iold il@r. h th. Durt&. drEw fd--rrtet6r Aho. a2 !aC. h!E!
hon tn imFcr.d.,BGirbl.lE{rlE hqs fim "Xutch- to "tu r."
slalu a .@p.rtd to oily 19 srlph fErl6 tEr lrDthF.tld at.r X
indldrg dutd t @ir Lr@r. iiItEEd tt Frdlr- h.trvior[ i!th EoDL !t!c. Tt !6tive Eldio.dtp b.rsEEi Eio<@k air.trd_tvirysE&!&.Idts vilh rtte Frtteof hd'tl|otd t .d. b&td,
wdl.oblilh.d (Shn rrd tBtEhL4l9!S; 1('rr L drt., ZrlS Md-

r+1A ,'I&OP. ..dt
. TtbL S hdt .r.! rh.l duirB OE pd-cyrliq p<iod lrErS! mi.
dst E of hla-D..E dir.E rEh d rrplotd drd .bd6 !i! rlrorr.d
lnE !l 3i5il and 7 <ntrFr{ b dE pGrE rtirB ostod wtri 34{19 !d
rl, thi! indl6t6. d..n iof !.6 %,nd 36 %.6?e(tiEty. ,tEr.s ih.
incidse of av.ra8. d.El6 cas B EFned slrhrly htsh durtng
potl-Ecldlry (46) oDFEd ro OE pGrcryclin8 Fdod (42). A haj;
rute E Epon d tn chttu8ura 082 %) fouded Dy derSuc ($ t)

I

At, 9, Ciolt ln rh. hte of rSri.dturt t.nd h.rter pr.. !o Dd.Eydr8
Sdr H@hold rrvry.
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Plr, 10, ahal8. tur bbour udlt tLd Flo bdt@ ilEEd dtd @GirEEd.,!4, (.) Ma O) wda

rft sndar. 16 varE (o orf (..rI llEbd (z3s), NGrm (r.19) o) crop (622I rhed ('{or5), I*d&E (a39). (tird lu rp < 06'', < o.01-

OES. nr 0! F prch. of sldd tod l4@!i.l St d baE! -r"r

NdinF.tAIPoFbs!.l[n8.

cas n@ dE pe ro pct-rqdiry D€riod. the iei.LE ofBvEsSt LPtc
spl6ir cs6 w6 Eporred lo@ duing th. ,o6r-c.yclint lqiod (5) @G
pdld to the preEcltlint Fiod (7).

ov€r the part 2 y6B, a nodceablc itt.lEe ir th. ,unt.r of chihE
EuDy! md dengue cas {s Eloncd .tl6 tb€ r@Da&L !t t (wB.
tr.rifla.d) afts a ldB p6iod d!.. hdi! Eponcd rc-.rnddiE of thc
chlkusulys @rbBl i! 2OO5 Orh et.1, 2r2q sarrE . cl aL, 2Q?q

sujarha, 2o2r). EFrs fior rnc h..lrh d.?dEEt flaLd thlt tt€
lnourlnE DrD(is or hocqtdtotorn dlw @ a dintt 6r4q'lft
of th. a.$ ntuIan ir the srd. ovd tbr lalr 2 yea6. r.idrila la d
oee(Hpdlof sbgrantftBlMl.r. Thlshdl€dlodt .Ebteding
of mdqunG (PB Trun of lndiA (HIr), 2021) od thct toE de mt
.pF!! ro b. d@ to itm.sd Gw av.lbuliry.

Dao obtlirEd Em th.hort [old tlMyalso@nfEE l that thse 6
no nobcabL ilrrle in warc.to.rr dic ir il4cr.d at6 <mFtld
rc mn-impsted .lB. The ccuti4. of s}jn Eih.. .td itdiDg ra
EFrt€d by n@t of UE fmd (& q6) i! t ah tt€ !tudy !ra. tlow$,
thi! Is e.r!h s a EnSp of 3rudi6 hE Brablish.d the ebdon b.tPa
a8rlcdnfel won6 a,!d sbn dirc dE ro dirEl eJg6ut! ro so[, Pler''
,nrcd3, psricides, sunliEht, h@r, md infedou a8enB during faming
(Surl6jval 2m0; Donlm md Th.lh, 2016, Bashir et 31.,2021).

Ai disGsed h s6tid 3.2 s f d h@vy metab ar. .oGrn€d theit
ptEae is betow the p.mlsslbL .lrinlir8 watd sbrdad! IS I05OO ot
Indi! and 6 sudr d@ mt p6. ay sioE helth nlra An bsli ot lhe

healrh rcport3 for the di5rrid 4d houelDld $ru.y (htt i.diote m

i!r@difti.roEddu@ci!'pEadrEtoi!.FEEdtui(llc@-
Fon& in tlESTW (Sadra ed lg.4 2O1q vdavct.l.,2O2l) Hcu,.E,
in qd.r to FEqt o udistttld Plblic lE |rh h.utd, dlGt m,/
cqrtac$vtth mtq F6n h rat b prcDlblt d ar dtit qa

fu ufre rc nm the tEt! flllcd eirh STw &d dD_id hh iD

fi. sft rclia ie, r'nl! thlt tUd mr !@iv. sTW hr lElild dty
EinwrE,6 @Eok, re td.d. wltB iD tb. tab lt lud€d fd
mrjuoth rlCsbEt ed d EhIE E lrhltirdy dE Etdc o,gc)
of r fd Epi.atatiE De.rdlrl 5!.d6 RlcsaE to odtaotlB 'th 

6
dithronycur ciPtofl oEin, efotlnD., @dici[in+clivulani. *i4
cdoroxlnE +cLrlanjc a.i4 .rd oEop@m B studl.d ft.i PrliDi'
ney and onSong studiB irdiclt a PEddiDsG of hiStE n lllrm to

airtlmydn dont all th. t{}s 3hrdi.d i,e,, both @Eolt ald tb@
lwryirySl'W Hor€E,th.Es@msi8!i6em.litu@iD uEaidic
te.l,n.@ I,ewls betw@ th@ reo Ent& Funhg !tud6 E h€iDg

chdge ln IM.6ob difed url6 orpro.tEi4 bd,E mp..t.d @d @ia-

nri!6llr.d I'dE Gltdr b

tt

N

lfda

.to

a,

llrt

N I

:z?!?
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Chq. h th. 'drG otdlE b.rE p,! b rt Dd-E tdhSp<,.d t dIXoId d&Eld

pra$.d to aplah rh.8@Xy httll plel.G of ddud. rEimcr
a'rbA the *.16 b.dtE (trluolB oEd !E s). X hs bGr Epo,r.d$.t dr rElru F?daE of trriG dasSErl! hE EtS!.Ed rrE ry.esian of m.ny dtlbl(ik{!.tn E gaE h tstoi!,rDr4'rladE b6.E ia
.od N.ils filnhcr Ed.tlbtldtDt (Khurl. .r .1., 2ol9; (hunrlr ud
Ch&al-y!, 2o2ollr b ttnporr' to mr. tll.g $4 rarb c.livif,t STW
do oot fdn &hldrg r,.t.r $uflr for pcopt tDdl.Edcahn.r!o yqd fd ttdt!.! GW r!drr8.

3,,.11. h,?d d rtdrot tl,bh
ob6EdoE d n\jd ('016.nd nub.rof mltut d.ilE rn rl,. Kob.

.x8E',td lrc F4nt dInT!bL9.Th.matt rpo(E .hos.tmtE6.dwc av.ihbtXry L rh. ind!6rd .rlthEtty ofgra fodda.rd fodd6 i,
SsE l lcldlru roD.EE.dlrd nuErdotl rtB k ttrdtEcb,r,rdoted ty th.irdle€d lercl oflvliDd tt rirt ar d,.ued.adt6.IlE v.rroE orhq
lndl@toB of hlaldr mrdy colDDol|ty o..urtna dr-.r, erd cl1g of
anl-al dc.tb wa! d,o.@ant d rD tht ,urvq. l[ to.lal 6cr. ftt!
only m.ntid cnrB6 tr rh. Fran of6uE of Illrod trEtllty. rtc

d.r x! htttE drril'3 rh. prt.EFtirg
pdi.d-O49) tt r h tt p.6t-Rldlry Fiod 022). Froo 6. pGropd
ENln8 Frhd. $. mnrtiry ftoD bto.dq.nd bcbc.ia dcccd by
I 2 q6 !Ddl6 % r!6F.dv!rr. A,t|onS hfao<+ orcc we slgrdy bEhdidlty-th nd ElE tr6.ho m&d Ust@w mdirlity*s hiShqrho hf.lo, Tt. nort ltty frlo mra!.in i1!.a., ws ncdistbt. irlirBtcl.nraaL lLE .Incr <orBupdotr of natld {sEw.rq D.r

s&eqtfdtuc.@(tur,@
irEtd,5a%clrl@dai.EE b lt/.{.d. E b,g 6d ottr FDdr-dd,_49 % @trfird.hour rh. de h [ftnyt6 ed p@trd'rS Do*dend ll3 qt G.d tbt 6tb, ed bnE led h- bcr @E r.d lxo irdLd FrdEiE t,rd3 tD ti. 3EE , 29 * EF.t d r!.r bttd ,@6ar Ed
oBEE@ lnoa..d dd 2l tr ako hto rEd rh.r mE oa dra f.rE!hn hd Eirnrd ro qtrr.16 id dptorr n ErltllGtrott.
flil8e dd -r lE toDiaS dE qd! Itd, L r .16 d.IErrda oalfrE 6l8rdo4 u nryantr hdi.Irq fa t rForaEI, !, rL.8ro!
tur.l Etor. rhi! nrdy Fwid€. apidel ea{d.R tut dr x"rc;[.]
Fq€d hE cEEd th. F.art t ro ltrprs! t}.,t D6b|Dk drrdu\r..dEuiv ad @i,qlElEt@r drE hilrB.clElkmr,
..rd ha bGr &[rDEr.d In rfii. itny.

Ir tudy DroviG.qtiol 
"viddrr 

tltfr EEa.d wrE !!,r. dInqEB lghluEl&rildd6 !d 'ffi Rart, oadrb d, !+atrt f.dtts! of r,.dr.,D er .I (2oro), s.[r,rLh md Ct ldEli(az)), BEtdi E n Mutu qu (2oD w ch t dd. r pddE rddob<t*6 BeE h.?cd 6t.nt6 h rt tottln od hrpbtlRft maSrdirel prldrcdd. A thry by Nddln a.l. (2021) Errah thd rh.
.vdlrbtXty of Mrd ir i*d6 hd6s tt. cW r!Dt., .gnohEt F!dE-
:a."''d ld.-'"",: d.-gl-r wtrrh i!dudr,8 dr pou,a drmpnd h urr€r Egdts dTGbrE ru,hre

a. Cdcld@ ed poucy tffir6d.tto!

I}. FEr drrd, quEr66dElod6Ernc hFEof $.t Scotsltdrrl, rEr.d *starts (stw) i6!r D urt , dty to n jshDouttts
a6 ,Odn .t4o!trD ofsTu, t- Oog.t ^ ,! F-!rd m Xob m flirrl @s48 efiE mre r.rrl ro dtGE hdrr(r cW Edidrt n.
rButs lhow rh dE sTw h dE nrta r!t6 t nts 6lpUs ;dr rh.ocsioSat dads it by rid.t TtE lidu. itcT nd r}E tqorilr
dtEia of Cl(B6 "d.c€DrH t.l uis d wc, t.., hrhtrf ,G qEth,
(B), wild.{it FW ibEd fdEr!,ErlFEr (D), ddtn8.do (Ei
As a ^iErE o, dnr Fq..1dE !!tu ta*. I! dtht rre ll!v! mrrt@I.t lDqor b fuy, wfth l+td ilqudt,r h iCt F!dE-tio srd bid nDt,!n|a! qdr@.! ot rhb &dy l,rv! ,!rr.t d , grrt6
@tc of tEEfir. in tErcr.{ @s, ardr .! EpL.lCuc ofcW ubtcEj''Gu.lon or tdwdL rrd oFlwdt , .nd tmpEv.d El.r Fonty.
fudn@r ltryiE!,r,ndtE r4 oklcd t. ftp FEdisdvrr, (f6E.
3o q{, ESrcbkeTO 96, phe}i 9( dn frdES q6), &l dt.Gidt ottb. oopi.8 86, d tuE tD tirr.lDd( rtdrli (cdtte'/ * d
llrr..lo13 e6), Dlt Flducdd (EosrFt6 37 e6, MrDst- 2s ,. ad
IGle-I7 %), td til!. OIA 96) an hyft 1!! Fq.u ts o!d.d E*
i6.Eduoid.. dd ,wle ldSidd ttd uto ron rt,r!. @tGn€rB io rSrkalulEt addd.i rbo t d ro e rEe l! Gi.rD dCor-.GI 

"?!o.frrrid." 
tu t-.r Dhi.t h rfir Ld d tDFd on dcdd6-p,Ir i, aX dm..dc lptaE l,to ditl D.8adE .ft.! rrc nFrl.ddFluicadohdt .lln r. rnlh of cW nddsa WrdE tt t tE}

l*"d.t i"fry qu "- imF6 of nniE t srudwrd EdEseirths dcqly thE€i Srw a, p,$U. holh h ,tE iud.d pqd.lon ;@ny, dE, E! HoeDuhtnB.
Stu llar ro Ja}}u d puno.lllut in Bas.tqtlt (rbtch rcftlvld

trcared wadeweier) th.y.rhtrlt, ud p.d. 2OI3i R!!ut rdr..t.t,,
2020i PilsLy, 2O2r), thh intrtadvc hs.t o D.roi,. 6 nod.t ro, !

sar Dirtr ga![EE Ofi.r, yd.r

3 1. t2 opttbt d d. dt* Ftut d h@d @ ct dE aad b6 olttffitolwhab
A.ddiq io Tltb r0, U. ovE I ophle dlt..q,t tuGlo dle

eildbility oawiE h rt*. E lt(Drd.d A@drE ro d! E tlt939aoa
eopL rEpord.G .tdrd 6.r dE !v.I!U!ty o( y.lE tn Etk brE a
sit tr6@r hF<l dr rdcult@ pmdu.don. A.rodt g to Ea q6 of rllc
hm€E, cW l.vck irdtr..d 3ub.r.rr!i.[y, 28 q6 no..d !n turFDvEEt
in sitxl@ dd h}l!ia., ad 76 9a std tH LrEE lllve l'tr!d. &-
@rdq ro 67 * of t!+qda|B, qq,*u pdr!fl,! ha! <}t.ruld ed ih@
E_lw ln opd@ to 8lw adrht€ do?! dnt wfth vlE i.Dtg sd Eo,.Ea
62 c6Epat dttdrvlE lv0lrultyad.(tdtllryhrv! tE!&4 s9c6
Fport d bolurlX ,tJuvarddl 58 q6 3dd rl|ar warE alPowsnEr hr!

Mrd 6g 0d nut6 of .drut ddrh t d!. t(oti

(-rr)

(-la)
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seqlhrd&n 6a@lm, t@7

I!l!6 of loI..En .16 6 !b. oE ! b.dt oa EEd satulbtld h bnrl

Agr.uhurl r@dd6 lE8.d

sstEdo,n dd6dck dha.r eodhi lw bFBii

cEp pdro dm!.d {nulupL ft!r'regeblE)

[ds.ll ,,r.d hldr..nrs r FrFly frridr.C

fdoyd d@,Et!..d

hrBiofl doi ort ELd b,EdE& hn
B,n ,|Iffidrlrey brd

!a

Sor@: It@lDld sd.y.

wst w.t.r Drr44eor sysro thitallos Gw Ethltt. ard bidlv.r' Ad@dL4Eat
rir, to he 4h6lEl. L idditld to @bliDg ! rarsltld froE uttdr lo
rud Eru r.tycllnS, thB prciet c@Etbrt6 to th. EEEldotr rosldr GEEtullv t&EldtE d. MiM ltriSrd6 & G(dhE Dadq
rhe circuld o-oE, in .1; w.ts s16, ihlch i, bo.fdrl .M*tzl ..t p*n** th. Gova,.t of I6EEL. tu Fwtdilr ff'-6tl
tevels:eono! 6,.rvkor6dr, sial ud culrur.l. Tt. avrllaDlury s!+pnto@ryod t rBMdr. sFi.ltt#.tosbi c lituhyurFyr
of wat.r in rank taclltares local rechdt€ thmu8hour rI. yEr and skm),(s@tl?ry tocovtrrna! Mimrtsrit ir! & GrctIldrtlE Dcltl_

rcjuv. rton of bo!.w.us prcrr.ts suppon to M.I ud nsrylD.r oF6nD.pdr!d)lrdshixra$EM(AE,MiEltn8.tr-&CMrr.l-
I6ms who cannor afford ro deeFn borew.ttr or p.y th. ccr of rhe wat6 D.veloFnmt D.p.nm.no for th.ir .]),Bfut suPPot 1'h. .urhoc

dedlihS Gw rabl., tchosledre diffe@l 8ov.@t depanndts $dt a th. (,mtdl
To rl;no the raF belwen mrsitptlt and ddrlDd, tlE rtsdt oi_ Orc$d Wrtcr Aurhonry (GW^), fi' xT r'i' srat. lhrunl Dls6tctr

rhb srudy wIt c@ rlly help th€ di6@l sJ.cnou.r trluding 6EEl, M@tom8 ctDE! (I6NDMC), th. E vitutlEEl sr*itt refrh lrd_
srare, .lirtrici, .td l0(!l Sovenm€rr .urhorid.. to dr.ft od iEgl.oar ffi. (EsR!), Dqsrbat of^srtcdut & HdtidtEt,lGlrt, D.Pdttra
polidg to eEuE& lntegFEd phtrrng, ard nEllgcrEr of weME of v.EiDrvsoa..4 KoLt, bLrchiff..btl'.F Di'd<r coogtEdE
I€efqGWEdEaeThbhtunhEasleiEbl€lEdtoElviryMikPttdu.ri3Socid6tHdtd.vlola,DqtGxo{EtEvSddrr*
wdasis€ &dh!; bi$F.@daltoiEF@th.qc@tui.tFEo Kold, l,*ld sleitlErt 06<.' l(ob laFetdi'eD'asr] 'L,l 

w'
{rdtEdE iry.Th..ssDlbharofaF!?<BtliEil8tF6.ur+ .rs rhE!,Ltp epFn 6@ th Ea€dm w-ESrpPl, d s'Edr
n6[dtElnintProlr@andtfa!1!6aboudcs.lEttolofolPE.dd(EIED}1ndr6{tooEcoum||.fqihilic&tlrtllll.*ad}
poltbs f.rdtz.r u6c, and ir&ario! tlrhdquc nu'l D. rll DIla for a HlED€qr R€ourt D.EIoIet,t cEp (CSIR_II8DG) bt prDvuat !
sutaiEbL our@G. Tt€ Involv@t of tlE comDuity tE dGlsl4 lMdt tlo*hlP to dE ot+ddtuB au6d'
m.ld.& pludrs, ad ioplaE(,ti@ i! .l$ vital td dE rucd or th.
prorcct To poaot th€ tlE otE)ldldEarE, srlbUc-P.iltL P.tbE_ Br&t xlt
shlp (PPP) should h€ BflbUsbtd, tinil5t to ti. NatPu Eodel (PB
Ttut of Inttls (PTIb),2021), in whid 90 % of w$t mtd wE E!*d 

^hEn,^.$Ill.rrq^,2orx 
wsffiEEhr(trairoFartdGlidd'ds

PuthamoG, it llluE"!.. how PPP 6 erltm mt t 3..utty and Edr vm, EE Plt turd!.! 17e,7,6-7s,(

wslsmterludarbyroingteddw6l46ls-r'!'E'q2o1qal\!rdtd@tdrd|ud!@idirtd!r'Br:R67o}
suppr.,Ent',ydltatood6smcretuberoudonri.athttd//doL *ffi,fHt*5iffHgi,Yi5,ffi*Hltr

q'J7o7or6/j *itotqN Dz'r@2D/' *rltffi3:,.r**-*rhd,rhio.ryG **- 2rrldithr

cR.drr ruthord p@tdhtidsrnmt ffi#.H#F*
r*i!, H- cdr, n& l95o T.dd iE seln E&E 'd,rd. hltlrtl. Id

MtnldlM&f.hr-Ce€.pddinEAulhq,$nyd..i8adlt@ltc_AxrqN,^NEcc.'{C^tb'M-drEcu--€tdcddlo'rndld
ti-,,,,"tFi,, a.<gni,s -d do"ftiry of th M,nrF - HffiffiH--*-4ffiH#,ffiffi

rsdra VdB - Srdy d.d8rr, ,!.]r!ii .rd tufritrt. s.ins,. cridtrE ks.,ad. sysE rh o,RdaEd we, 
^d-[r ^!db6LIt lEdt N- D€r3 @Ufttidr.lei8ring of tlElMtEipt 

'c 
E.cEmld..c.pdt'ktqde'.N'r}

Anirudh. rp - Dara oreridr .resipins or the ,*d!'r *t"1iHTjf*T,ffi#Hffifrffi;f"d"*"
sdEu a.rl-Det 6ll€cin, d6tniry of dE m.MiPt sun.r,-yq p.r., jee7. ih-"d-- dd aproiEbtr:, d.d, rm MolF^E D,'.,
f,6hDl D.! - DEE ollEtt@. (01,. Dbrid, x! Era r. G6L sa, rd' s' (3)'

rroudX@EMS-CoEptro,deslgtlrgofthe!tudvDdltvtsofBdr's_lr8'''wriRr'2@rl4s_3IdLP'l_zDr'P.ctro'theani.,€ H#iHffiffiffi;HlHtr":F'*"',
Cfurk . HN - ConeDtid, d6ignirg of the nudy dd di4 of the sddEE"re,s- pdll48., tirtlr|4 s. 2or r- t .!r€!d.9 4Enit.oa6!n

Ericlc rJffi tu qulrv.h4E Enl{ tr6 bdrdo tlE||L tn Y.eE
r,rlh6rr6yr Rro - co{eprion. dsignins ot the lrudy .d G *Xt E'3 :',ffiJt* w" s,.rrra\ x- }dd4 s, ,rr Bibtvi#ordE,rrid.. :ffffiffiiT,ffi,,1*Eil4.qd.,'ldBtarv.r'uritv *'*#.rffil;.H"**ffi:ffiffi*5

Fr o. cld! rkF, ,La hd. ,rpr w& h 12 eI Lle
I)at willb. nd. rEn.ble @ Er,€* "lj?,H* "",, 

*6rd.E bEriryh bdt! Erd.G oe 1lt

rxo'-timor"*FthrirtEe* "*-"#ffim*',,ffif#ffi-ffiilffitr"-
Oridol@, N., cFlbq rO,2!r9. Lnu! &?Lrt{ !@dffi rtE frrc !6 rd

TlE authds ddle tllat rlEyhaveno knoh lfuPedi8 6m.iat lnl6 -- ''v 
ada PE 

'ouo 
sn'!d.6 rrj t@rz

6Borpe*onreradonships,r.,-,rar,.*"pp."*oi.rnnu"*L-" *tffi,tfl#*-.H,3';'"lffi$-ffi,T#,,ffi,H,]
wdt( rcpdt d in rhls paps, tqdr./xot .td
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tueqEfdtu,!,(zB)r@,
xEr Nddr EivtuGol eEffirg nadr Id@, 1!rs. 

^dral 
r ryrcqda4 Dr! . . - wE rd!.&d -r x-ld, oit re./nr of-r sr#E

dcs{grE.,?,vtffi:lE,!iEt{idd'Me,6@@'dfu
crcE ca6r bre, c@rd Bo,4 2ort Adlbt . DldaE dr4rrawG.Qldiy_

ohsll,ld (qdrEh).
Dnu-, s., 

^,b, ^, 
Mr.la v" 2o1. (nE rd h'Tklq of ,'ud9G d.ldi h

rldr t Hrw. r. H,nrl s
E a L, ud'r6l u.2ora tG adtr rE6G.ad qdk M (ql,

dli n6trr.l ra.d lllFe dch.Er dr, rr r r.6 lm rldd,(2)
Ei ,2O Dr,|d rrnEl srri!, n4ar of xe h4 f,--rr wE r cdai E
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doiE for @F iDg ainMtd dd wa usd for vanoE PutFc tlog
wtth GW rdiarge (Br8baS-Pedas! 2011)- wlrh littL d m a'!s dd
rhc Ln 10 )aE, nm@6 tatrLs .nd hotu.U. h.d 8@ <Lv 

'Dd 
th'

cW t bl,. ddlin d at .l@iDg ld.B du. to dd<Dloitldon (CGIVE,

2om). IrE &pth ot inisttd boftbolc wdls bd tEd.d - 250-30 D
frd ds s1rfr.e (GdB et aL, z)20). Tlnr4 to Fwik Eudlo dE dqdla
td effEEe rEErE€t of the limjted Gw teutG, .id to .NE iE

long-tEm sBraiBbility, in 2016, the Mrmr lrnlrti@ .td Gmudwtts

smrEry oa SAT t@d gDEdw.td Eh.B. rtidie
tdd., cwEdt8.tu LDF.rdclexl,

m ,i rontrrl .6.idry ld Tss'

cDo, sOD, unEi., nitqa,

,. E3yPl ky+t Gd s!!dY lndlna.d 0.5

no(PrDlv h ! dflE

vrt d,lMo.1br o/d.y
s.idydry^]bvr.Itr3

oftI.yq'o,,5Nd(pd.d

rr@lE@r h Eh!4€d eG
qldiq in tu or8c, o., rN, Dd

LDproYld,.EqD,Ilyh[mof
Ec, roc, hdnE .bldida
nihc,li.ql!q.ndhaY,
M.ls,l.t@eofd'lolIEG

R.dKid, h N b, 6 96, ndl oli
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D.rrloFndt D.p.rEEt of ttr cowrtEor ot rorllla tEplaEr.dllr.elc E<yrlig to ru ryl of 6.r. bk with /kO MrD of STW @tru
[1"-.ry .**" r-u,,."r pr,"6 (srp!) of B,r8d@, tMdirba .r .1.,
2oZl). Th. EydilS wa ,h.d ro tnDmr rh. c!1, Ehte d G1 , quliry
by srortng @rer n rh. endng tank Oiantsh. e! aI, z)23; Singt. 2O2O),rolrr. Dst or authoir ktrowl.dS., rhdr .r! no s!.h lsr8.<rt. h -
A.dgld R.ld lnrDte6btio, ildt . .dbbL i. ridi. wElh SrW @n-lrB,fic mJolrte.idr! i! u!.d ft. rE Fruvadi.a of od,try ,lEh(ct kt Dd sheqrEttly h.jlibring trdiEd GW E t sr in ti. rntlrtd
drD$hr+6.dve ruEt dilrrtct, lt rr!, for rh. frsr rhE , tih y!.t
(D.q@dn.r D. cw E<,EI8. dE! to Ur q,ldtm aqdllrs of FUEul!,IiltA (b.r.dEiz.d by b.rd !!d(.q,nb, qft tad!ftd EdEd crr
'dB 

ArlBflAt I D Grl{ rrdcnirq. aI) ClrrBn h cw qtrality dE b th. a+
dldoEl Gh.rF t@ 6n' p.4er @.Lo q@dfrG4 aldE wid, dE t Fp.d @ rSricrrE E, fshst.., .!d, L rrod,rdm. (tO Additi@ly, rh.rcld l4pacts of the iDptuv.d CW !.Dt. .E qudtin.d by 6np.dn8.tu tEMiS STnr to ln* .ot rEtlinr ir

2 L tur! da @d de4g, ol },aE$& rird,U

r6lE d.tid li6 bdri..{ oqtfr bdfiid. 12. l*i, Sa. ro I r 3L5, it7- rd
ed ldgltrd.-Z sly 29. o 79. 35, I r (CG1^,8, 2Ol a 2009) (Frg. r ). x h*
a toEIec6of 3yl9 iq. h wlth a rol,t poprt tim of l.S86,aot(Cqtel5
Indl.. 201 I ). r,obr djsrid fdtr ud.r a pGrttrt Etn stdd ,oi., rn
dE to dtc roFsrqhy ard DhFl%rrphy, rhar e no psEDi.l $r!G(nvrs) of urE lte ed B d$hlEd tn rh. reur ot Ed loaEy lo Ed
ldr.lyn|(l btdttt sol (ccwB m2q D8r ,a" 2ot9i. r(ota.Fld.frimdy
l: FiTd :r'rd{q'ift' sy.t@! *rrr, s,drs/!I!dw5.hr'r *t6 tcora
2016). E drDck is paiBrbrlF.lr! of rhc ard.fl.te ed lh. a6.i| D.

tuolhfdh*@arcEBrl@
ddn d a "h-d rl rmln" (CGWa, 2O2o) wi6 . Enatd dlr!.rc
N.ady 60 96 of rhe 8.o!r!pldol .rE iD tte distdct is ,Dda agicurtur
whl.h h6 a higltsw.rd daud (CGWB, Zr2q DE,t]\ 2ot9).

- - 
Thc Eq.linS of S,lw tn Kotu di,tid 6 hftj.red ir Muh 2OlB

!y:iila.1.l: 2023) rh. srw iDo E&8ddE srB b uft.d .d FeFddln tolrl6hlrsg@ ts ( (LI) of Xot rd.ckr w .b oaElt ldlldE d
53 b ln d@d dre.b. rheE n@ tbl! ler 6oE b S6vtry !, q.i
cheEL f6 a dttu of 2 h lD rlE NEEDtsi lnt (Mr) ad fim gk
ttnB ft nos! frm *v!r!I n4! potds ro rlE ltr d ttr dE Et, ffi+
ing Kolrr hlt (rr)- rdr ESio tr! ! ictEt oa@dirB E& dr E(6Eced by qqr 6!tEh tf th. r.rE t Et tr & qFh Et 4rrd,
rus ovqflo* En, d. a<B Eta ,tI f* iDro . doEtEla Etl[tMtt rlR opa.tDi[.]., .ttivri by EeErEt SEvity. rll!! E*!,!gep.d hto . roE! o( t 2 .t!r.E hed @ thd, Io<dor md wG n wndhrl l! d.taircd plh of rtE EycthS idraF ard du*E cHhd6
.rdr8 wrh dE ra ( nc Ir Fovid.d I! AFddi,/{6 rb_ Al .,n ArF,|
di, a.a! I I *_ the uppldanry d!t.). Onty tou plEpins 

'lrdoE 
e

lturalLd h Epldtl .@! sta! ! Sr.dty.bs.d flos 6 nol po.due,

22 tuyndw,@da4l@tu*t(,,

- 
Sry cDd6 E!<dt dd fiE, dEsrpld.! d.ttuld.r a.Cb.i*lSlnror, b.ftit @bs( A dd.it d phri,<h.n 6t ,rd DioDbtd.O_

c.I .ndFir rE onied dn b .d@t! rh. hr6 q,Dlity usin8 d.rdEd
rn filsrfr wrE&dEaffrEc[.Er.riribt(ApH,A5}ToE_
lF th. otan iDFcB ot rh! Eydtrg, t*o s!&e Enf! Mftty 0 lar
.rd lD xT 'E Eldcd 6 Eo&t rrl, E,qE d l', t-b. nE Erbs.L.rd ln dr. ftitt ,rft l.todfl.d E h.eh8 rEdved sTw at ti. dlorr!.r!.rdln8. Tlt Mwa2h.Fq,frlurh.lsy 8tnbntt.e, LTwndt.r th. rr E 16 hn.rey tlm th r.r (Il8. 2). A &lllld mtaquxry .r.lFi a p.r lrlc Honlh NrddDt cia ,IHD,m.l 

tNc?)

Elllt t
A

Eloft
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,t

-o

H

I
I

ltsll!,bo.-r--"o
lbn ldrb lr.rlat|rfib
O.LFahFl lE-ttdhdl

+ 66.d tl.b
QiAE

rurdrds (NGT and NatioMl Gta rnblut ! 2019) wtich iEludd the

sFcifc o8llt p.6ntteE pH, biokBl(,l otyts d.Md (!OD), clEiel
oxyt6 d€Md [CDO), rot l s!P.!td€d $lids (IsS), slminEl dE!,sE
(NH4'N), tot l niE!6at (TN, Phryhlr€ Pt(6P!6u (PO.D, and tul cc
lifom 6 Frtodr.d fo. tE STw.nd surie w Etanl6. Al rh.wc
5dpl6 uEr r.scd in Eipl6r6 {d avEdSE vEtu6 e EFsd $tt
st&d&d .bvi.rlon e !v& t stil &v, onbE fif tu NGTPFffi anF
EIH analyds for h@t? n€rab ed uP ro r0 @dBtot @r@inaN w6
also c6n€d our tor tlt STW ad $rhe w.rE of &e 6Er tat 0.T) t@iv'
irg rh. tr.ad s.td. lcPMs (qqdkupoie ICPM- TlEno X sl6 tr) tha
@ opdte tn both 6EloE and PuL. @untinS d.d6 (AmaI and Hasq
2Or5) ws c.d fd hevy rct l .rdytit, and lcMS (Dida (,lttEt
soOO (Thmol, ni@LC cqlppcd wirh cr8, l5O x 4.6 E m, 5 !n re
vqsd phlrs oltrr fd tlE odyds ofdEEinS (ont DiEE TlEiIrs@
m6r s@idviry ErEs tEtsm <10 Ppb to <1 pF (Fns F thoDsrd)

PlS. ,- SuCa t-r .nd 8E!td'..ia r'plli8 DdB

bdqi.tdtuarlM) t6ifri)

o)

Hindt rl 00oth, Ft iDi6Bn d.h (2013 ro ztz) of lGh dslct
ss @llct d froo (,Dt tt Sld. ilaiu"l DErE Mdllo.try CaEt
(I6TIDMO m nttd oln th. rito&ll FdED i! d. dldv ara *ndPlid(a
d.a h.lF.l to c.nftt! th. du,8!r cddililE to 6. it dv ,ra dd IEH
roJcdry r!. lqct of Esd.d edE o lh. stdi.il Gw leEk dd qElllv.

Z5- qa6h'd, tu&tw

Mclsffiots of GW l.El fleturdm in 6?oce to pEciPlndon

erE @ pDrrd. e pftdel E@B of 6tiEting l4FEIv dd .F&tv
v&sble Gw E }E8e 6le. rMPed unco!trned a4uifer der. havc be€,r

widely lpplled fd studinnS ttE cw dynaic atd rtchrEt€ .dr.atlm in
tne ht'd od rgulfq rc81o8 of uthd !.dia (coliB.t El., 2om;
subsh er .1., 2ol7; MarthaJ.t.l, 2006). ParL dd Prkd (2004) Pra
p6.d D .qu.ti6 fd trtoddllng Gl{ l€rd ltdltiD in rErpotE to Bn}
fll (wlderltt rh. mlur8. ed di$lar8E tdG, holtE' it Ld.d I
rDr! .nradon of G\t ptrDPiD8. sub6h et al. (xla md xu@t (216)
add.d th. Cw P[nPint t.B ro the equ,ti6 &d &rdo?.d dE
AMEIIAS-ID nod€l with dE eqrErb. (E+ (r) dE e

23, 1. Sdtglrg @d.tot@tutia
To study tlE inr6cr of iidircr Glv IE t rte Bug STw @ Gw q@lit'

t{o boreboh. IMd, i) N6Npun (!lE) trd ii) kold tom (lo) sNch
w@ D rh. vicinity of the two *l.tt d $rfac t nb Orr .d kT) w*
idoun€d and d6isrBt€d 4 'inptcLd' borehoLd NB E 0 s IE tom
NT md rO ws 0.75 tm.Eay fron Kr GiE.2). siEilarl, trc botnob
i) Shapm (SB) ard ii) Hd.ti (ltB) w.r€ N@d 10-14lh lMv tm
@ of th. inFdcd rEIs l(T, w@ 6bo !.topl€d ad 6 deitEt d 6 .l€_

layed lrnp&t Th. GW s&nPl6 y@ coIcftd ad &,lvsed foUsiDg dE

srandlr.t @ttods (A?HA, 2Oo5) fd thelr PhFic.hehiel @stltr'cnts
s'rdr 6 pH, hddn4ss, tot l <lisohEd io!& (TDG), a eLdi6l@dwtiv_
lry (Ec) cslclm (ca+ ) ed lodlm (N. * 

) 6! InPorBnt @tions chlorldg
(O - ), Dd niEatE (NOa ) d el@, (^uDl, m16} oih.rwats qlditv !6
ia.Jo sucr rs,'ugnaim tus*), potssiu ((+), elhte (sol ), md

fluoride (F- ) s4 at o m..51Ed u.lD! slsn tad rrhods.

*.2 fitutolgdddtdz |tdo,nt@ EBIE tun
HirMical dtt! of Gw I4l! ud GW qurlirv wE c.ledd to.B!vs ttE

implcE of ttdiE(r Cw EdttE! ulry STW. GW lelels d5h wd olEred
ftom lhe v,,@l!h Croud wats Authoritv trcwA), aDd Gw qualitv

d,ta Eun (G1t/A rtE CaEsl Greund ri,.tq B@ld (ccwB), ard Katrtalo
srate Pouurion CoEEI Eoad (XsPcB), GoEitft of r.,mEl6 for

2otL2o2l The.gdEi6 0E k ommre81 artvmonirorbodtol6 iD

rm of warE LEk 4d Etcr qu.lity.

9= - !**!ndsvs,
It

In rtE .b6r eqDoor! h eFBnrs ilE hrdEdi. h6d OJ, S, i! th. tF
cjfc y'.ld o{tt lqurs sr$4 (-),r B lh di.da(!e c@tr (T r),ib
th. ..r.hl (LT- r), 

', 
ls th. Edu$e f.dot (- ) !d D! h th Et 8ru!d'

watE dEn or pMPlrt G.T_1).

2,5.1. P@@&bn/,t
S/ and r/ e two key Patmet4 of the nodel *itld tot't'i the C1r'

levels, DulnS tlc crnD.atio4 the tdiablity of dn iaEas.dilEtlon o'
both atE Patimts! 6 b' irErwed if Gsr8h Ed'ntE' of Gav f@ s
n6 b 6Gi&cd A s.q@tial tm_de uErH 6- ffirr"n of s) @d t,
is ad@r.d with e GW timc sl6 of 5 v6! 6 tussLd Dv Sdhar el 6l

(2013;. To rD.nle the lnFcl or th€ E diE 6 th. p@bdE 
'dn&tid, UE Fd; frm 2Ol3 to 2Ou i3 sl€cted Tbc n s6 of tPdific

yield ud It h6rt. h<ro6 N hto frod [t*iou3 sdi€t !n dF had_

ct 6qu'fe, esion of slhd lndia (GGta@ ad s.lhd, 
'2,20228 G.'t d .1., 2o2q sdd,t el al., 2013). Avddgc o'r Gw piEPLg

of lso dn/y.d i5 @BidEld for tbe otire siDuladb! Frl'd (G"8
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er aI. m2o). flE Gi6r8e frdG , atiEr.d h tti! ,cp I! .v!n$d oE
l}Ie tyea d@rlof, whld ir EDTErEjE oa! fra(ttor of hrrl 6.tS.r.
onvEr.d rmo f.hr8e

*dqn fd b"i@ t77 (Mr t5w
6,5 ro 9 B ,Br .q@& ort r&tu p..ta riB s tlE *idt. DnE otetl.. (pH < 7) ahsc rh. prcuI@tloo of ah& (s<8srEo .i at.,
20(r/; Lsrtt a d., 1999). IrE EOD !.d CoD pr;@l,Dotty EprEar
dE r{{dly.r@hrcbL jn tuE tEldEdt dr-e ( hoi} in di. l'a.dMlE.rd rlG ihoutd nd .r.r.d lO dld 50 D&4 r!+cdEy (NGT, 2Ot qarrg .t.I, 2ol8). TIE n&aid dagc of coolroD b irrlEr o{ Lr dd
KT ln .plt of hrvt rg btbtqE lDy day, oa ,t@, ttdior. tbr tbvd6 a! lbhtc Ed do nd rqt.slt d!..mFhre aSmiB and i, m!
rr.ry-trom lmrlrDic aourc.r!, Ihe di*h.$. tihtt! br TN is <tO D&/L
.nd PO- p i! <t nElL ,hi.h i! nErt to ,rsid rurdEpht rl8d !D,rr,(Ldry roalt,l btoqat), lftt Ir h.16 c!r, turbEld roDrd!, ipr+dlwD hotE froD q.tdE !k.l cpEtioo md rEulr.d ttth dalh( Du .t rt, 2024 M&h6 .r .I.. 2022 yaqlb .r .t., 2O2a AlidtM Gr aI.
3tljl.ro !l? ** b* 6r rh. (hErE [Dft of ro E /L^
roe Iss tr th. ltetvht 'rrdt dy hdt@r.3@ptcctEotri.rEcn

. tbl. 2 .to Frral6 fi. urtr qEtiry of d,. frlr E f GD t&iii,rS
dx Tv. lt 

d b. e6trd dln tlE wrd qEtry in ttr [T [. 3lithtly iDp.ovd rlLdE to STW. Ift ourSiol tDFovGI |! EE.Ir.t ty b+t96 the STW and ttt n(ciF .r LT r s€t..dve o{. sE[ Et of rlEll@ly 22-h E.idEE tiE€ id Eut d ura lo E.td 53 h trurlh
PlDa rd lB corEr.lxddr lo hto,rd wrd qurlfty.

. Ar dre-ri dld h s..h zt th sTw E dEd fr.r d LT, lEEi6
crE ! lbr. dgrdf.rn Fiod b&! lhrng zt rE thrqEn qor d,&*,
.rd tGl$ thuqrEi rE .E! .rb. i.nb 6.E 6di.! ttr MT, I.t.-6Iy,drLlrw .rquXtyrhoBtetqmEttddEroLT,dEro!i.
urd E!.Ed t6 Aow in qa dild md Eddd. th. h Efr.?tab. BoElEr 6tu'iD rrTiD! 2, h 6 obrrd lbi nLwGSdO,
of rh NT hc mrdrl, d.raiaa4 [rdy dtE lo t@e d!,mE !d
a ftrdllE.rub6 fi6qrt lrtEd td id frrgtrree didrrs.! ddG+
tk KB. by idlE o llr r6t rrEL

_ - 

Wta dr oclb* frEtr dr t,lT Ea,* b dr rr b, @ttrS . dirar
of 16r,D,st'iL.Lo?ad!!. hS.rCddEtu inoFtE*rtit6t
ob6a.d tur tu rdaqLhy of dE m hs hlFrrftt Etirv.6 dr Nr. h
b idl6.d tttt tD ddrb, ro rL toG F&+ dEatua tuc.D.d b,
STw d'drt la fo* dirqlgr, . crsdc of rufic. HtE E& 6 iE[ dthdrrh nt (qrEd4 fiE chaE4 6i. Ear.d,c L a,bjdt d ro. I6t nrl&nc drE wtthin lh. Enr! drir it pG tt Ertn ehid H
to o.nrd Eubar. TD. wltc adt9 of KT ,t6 (trDdld ,itt lll
orrrE sTw, lt *B oDGv.d dEr &a! *G.t lE 25 ro 50 q6 hproEE
s!.dr aobcrddlwta!dr !tr.d sGqEeld! drlr4i ErtuoFotntd.3 hr dI d|o d srl.rEB6 rD qu[ry lldatt dl.rtt.ttr-
trEt.rylE$ @ tlncdGtlt b thd, tE rdat lcEb dd taE D.hild
v.ry urd. rlar.tL sD.r.n..r. ]t pE6rld r!6drt dr $ppo,,t.d by
Anrin a 0t. (2022): ccwB, (2020): sh.lm.rd x.nD.dy (2ot 7) vta!th.:.ta qu.Xty-of n! t.d mr.t t nFdld dE to th. .e!-FtrtEcrthom.d!rlr! Ir rlr. rlo*tg rD!. d tbrowh dludd s d ihF.i of CW G
ctur8e ElhnDn er 61. (201a) EporEd llle movEt of dist!€d or8ai(cmpohd dunrg cw ndrr8r ttrou€h SAT,ylrsD u d imFcr of ;jdDoll Dldcsrd.do lrd thlorpdoll E tuabi .!d D.wqrd (Or2) Etq!.d
Ir: 

n 
'ohl 

or 3'qdd.d srda btod.s,dsbk mrdial,, D6ddi-, edotns mt@b6 from E!.r.d wst6f,ltE ttFuSi rh. hdo.. z.a. d tt

252 Ralt,ar.,itui
- F6 thr_.di@dor of .!.l!a!, Sy & ter o €Sri.d In $. F!i.to!

step. Nd GW FmplnS i! tqt.l rSO h,r/ra to,l.hnh filt tary.
The nodd €.timr.. Mttrt b.al EchdS. (f,r) by midn dry llle rh
or the rquaE of th. errrr t t!,rc6 dlc ot cn/!d .nd dmutaEd cW teactfr6,13 b 2C21. TtE EdEr!. t6 rd.h[ (&) I! oht trEd by mutdpty-
us rtc, by dE Mdny dttt[.t* oio. n.a.n t- O,,nt fr.llcbiLEd by slt.edrrg R, t@ Rr.

26 hqa a t@d @ bi @ OtrE) @d latb/tr,rd eW

, I adddd' p dr tryTB d cw tclds .rd qulty. dE pt!, 3rnyal!rrlg ioFr of nqd.d mr.. q bnd e bnd .oE ctE E.oua), ,srtuhrrl produdn ity. hxt pndEd6, ,d fi.hsy rrns ;.indly h dE rrrty d!. A c@FdE e.lyst wr dn.d ou barErtn iEF..t d arE of f,oL, dlEicr *hj.h n<rrv.. E r<Ld urs
lNI:Fr, unT) dtd dle M]ntDed.,r! (Ndrvs*i vlh.) ,nid,
is 63 bI aply tE rDe h{rd.d ndy aE d hs E Ecrlrd rEyct dEt6. to edy dE trrE Eqlrtrld &b r! @0..r€d fim dituEr t@,ehrnar d8rhtaddn til. LULC dlh tom E vtmna,t t Syrtarr'-nA

=9--ryy" 
GsIu, mr7-m22), .dar$E d.r, rDr th. yar

2O2l-2O22 fim li. D.r.rh.at of Agkulnltr & HordorlruE Xohr,
milr Fldrf,rh d& (2el -2@A tm K.tr dEi( coqaldE 6ttrFrlt-.ij:de rdd!.d frtEy ds Gr2l_2o22) froD ,r D€Fn
,Mr oa Eky Sd6r.q r(d., tD 6ry ou thb .$I,!t'.

3. Iantb .!d dlodqt

., ltir_r.Ets lrtr.d rlE &uly.E d rb tqc oaSIW E(ydtE ft. tE
dIrEd_CW E bai8. o tL s!6.. rG qulty, cW kv& !Elud&8 GWE d.[i\r, ew qldit dd lsrt rdrEl !.(ld

3.1. wod qttlg @Wi 4 wtu, Evd yEr.r@r @n tulE

_Tabh 
2 rp.4tru rtE u.td qullry of dl. sTw carht toD SI? .rnsffae r{!t w.!d id.oti6.d fE thc ot,dy.TtE t.lr E EnEr cdnFld

Etlh Eh. NcTst&dadi

- f-{ !} r" c-n a..'9 rh. te}a ldat rb. rrE qu.Iry r.uEe ED|B i, ibpon t wfiiduEpr!.alE lhc haltn of rh. bnl, At cln
be 3a 6@ Tabte 2 rh. STw cmtry fun th. Srp n ct .! th. m,D,
3.t by rb. NGr eol9) ior !h. Elrt d wd.*rEr to di!po6. tDto surfr.!
w.!€r bodi.r d tor Lnd dt{od.yappflodorB q!!p( ftr fae.d cDltforD
tevEB wnrd wa dittrly dd! rtx ,lad.d. x i! hEsh rhar !l&n Eioo
Dral lopdad@ ri[ n{lt nddy Bh.r e.rc, floBE tuoush Dutdplet nlc md doE e durinS hffltr.tio rhrcush $[ @tutnn ro Ecn th.
Gw (Grlru}pa, et at.. 2o2l ). As Fr NGT mmB pH shdtd EIt! Adn

s.t El.r &n.Eh rr,t trsd_
Irdd.NCIdt h!4..ldrnt

(rnor)
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Hary Mbl Dtbd! ol $ondey r@red wasl!{e .In fN srbe bnt.

tuuold. h,thn@t77 (z2t) 1ffie

poFnarid, which sn6 d tlEir Pit ry food sollte ratt aDd jEliE
6sh w@ also ohsEd in thsc tanls, sEting Ad tlc LT, IndetioE 5a
6iJ bc.dr8. TIE oklEd6 $8s.s dtlt tb. EdEged watd qtDl'

ity ll suitable for .qMtic lif. atd tuPF.tE 6sh Sroelh ald rlTrcdudioG
which ws psioudy a @|rfwb@ sd.(rilg 63hf6@4i.1ct ltlY+
tid tn tle t&16 In th. F.i, X wB "r'"[."glnA fa 6S 6 h!.d lD tdd
{s F.drtd s'htd./Po$itd" w.tE Hofr€€, tt .E obd6rl@.I+
Nrate ibat th. approch of relrargirg wEtE i! ih! t@ts !nos. fd s_
cslful 6sh brcedint dd srowti, eliEimtins lhe rced fd *p6ale
bEdirg prosrd. ard *tdli8 wilh EDsedint,. Tlt€se ohstEthda slw'
irg 6sh in vadoB sht6 of bre.dins ad 8rowtrl, cleeiv iididr. dE sit_
.bitity of ihrs app@ch not mty for 6sh culd@d@ but d,!o Ior tbcir

hredirs dld tte l6*tdn sBlrEbilig of sEfte tet e.td.

32 Ineetagqrdut lE l*ds

Fig.3 ta) Etd (b) rcF6ctrsdENstoli(,ldatt forcwleveb.!dF .iP
irtimofihFd€d s well s no{LimFded borehok ofxol{dsi.t

It @ b. oboerv€d fiDm I\& 3 that th€ Gw l€v€ls h.fde iEqtliry STVY

(Medr 2018) e@ aDud 18 EW (netds helow SruDd hd) whidt iE
D@ed to 7.5 nbd rd NB dd for t<8 it wd 33 trib8l in atlt 2Ol8 ebich

i@tot;btlinFtenkzol cr@ irusEFro6titu-Dd..@
cw lsels 6 bt obeFEd s thc lerEh IEEs€d l,v 58 % drl73 %rB!e
tiEly i, the studied impacted toEhol6. Ir@ture rcFrrs a lilld !El&

riotrlhip betw.6 Gw E hart. ard Etobl (BEsl .t aI,2ozl; AnuraF
et al.. 406) but it @ b. okltd Eodr rhe bist@i6l FedPihdo data

(r,SNDMC, 2@o) EPtesaied in li8 3 thar 2018-2019 c a l?ln .L6cit
pdiod Dur $iI the GW ldtLs inct6ed wbidr @6tu .tiEt ldpact of
!E ded mts (snD 6ned in ihe €,&tlng su{4t rksMto tlE !tud€d

DarEhoke rtjs cbd& h?q!@l!ed bda@ $ece MtafiDo tiut@td
tarlB hs infiltded thrcwt sol lays dtd !4olatd !!ni6lt doward
deep in dt $n thDush rh. ulEt@tcd z@ towards dE uEr Ebl€ The

tuo,@.!t of w.t6 als d.lediusoilleDEabiliry d hv&"ulic @duc
tivity. PoesFe ln thesil ld66the stoEgE @DFthorfd w.tq ft
n Flort d that ther@t l@state i! urdqLinhyledEula tE!5e5' add

8r&itE Gsmrfi et .1, 2o1r' 'fte stldi.d tu6.€ rrnk! m aLo lo.aed

atsud, J y tEtued ald w@ihqed Ek @d haE a trffciEr lhidsEs
of pEtr@ble Ed@ z@ wNch helPs tc apeedvcw E hdtP we@a
and Jet, 2o2o: DEIAA 2019; Aso md Cotruvo, 2004) FlE c
(a) (Apladn c)EptE ts m.F shdin€ tod mterled.la vde distrlcr

bdoE comoEmnt of rhe Ecydiry @d Fi8. c (b) EPtEnts ioo@sed

satd leEls aftd lmtNrcodt of lh. poje6.
As di{1N.t in Sstio 2,1 oil tyPe ir robr distrtct tugB frm Ed

lody sil to nil smdy laerltic soil whic,lt is also draractedt.d by iow

Mrs holding @paoty .id h(6*d lr]dEuhc @ilu(aviy (colc 2o1q

Sivapdlaiat.t al., 2OO3). Tlis sil [4 d infltratim ate of>ro in per

hou (cGwD, 2o2o) thus an imediote EpdE crn b€ Gn in the im_

peteal hceholts whkh ,@ In dE Eatv vkinitv of 6e EiwEared s
f8 tanLs Tlui, t @ tE c@.tu.t d tlDt irdiEd Etiftial Ehege of tlE

GW!&. si8nifi r Ele ltr ttE d6eroPmat dd n@8@Ent of d@8Ir
prcne *Di-Eiil e6 s lt b@sts the Gw level Nodln €r al' (2o21)l

Shae?qf.h et .I (2!2Dj Dilld .nd AEhad (2016) El AFln ad Damrd

eor2)i dd Icelo'Tal er al (2@3) al$ reFned Lqrov€d Gw lev€ls

rbrugh indicl Gw EdErSe rElhodi
FlB. 3 (c) aD.l (O rcFenu wErE ieEls o( tPo bdElDl6 (sB ed HB)

wirh d.layed islad tnsc it @ b. ot64td th't ir toih fie borhole
th@ n ,o iDmerltate imPro*IMt ln tht GW Lrels pc1 n<ydirgi It is

ths cotcluded thal treted mter hE mt Eched lo tte E@6 wlict
@far awoy (6t6 itistire o{ro to 14 }D frd dEI(r)6d zDo l 

'!eE
It can also he obs!4d ihar the w.tE levet tEG uEtd id b"h sB dd
HD .ftE 2020. At SB, the watd le\el irree.d t'v 80 % tuD Odobs 2021

toNot@ts m, *tlet6 at HB lr h@6s€d bvaS% fruD @6 mm
to Ndober 2020, This is attibutld to the fet dEt thse two borElbt6

hare shoE a delayed imPact with r6Pet to 2018 Psr recvcling d

oa, be a ributed to lateEl mov€mt of Frcltt€d underSrcud wter

E 106(x) (mr'U s6si,ry Md
{lll r05oo, 2.12) ruwe

acre as a natua ntis in sei system. wlsd d al 6i95) ft?ord so %

@oval of nitrc86, t@vf metal$ and disinfetid byproducts thFuSh

T.ble 3 Epl*ars rh.wa.Eqlr]try h t Es of b6eyoah. As@ he

sd EoE Tabr: a dE sTw md lrs esrsmeEts e@ tk siidqllanbtrls
for ddrHrS Mrer (BIs 10500, mr2) tur herq Det3lr This $Age*s tr {
posibilide fiFdy, rh@ is vetry los corlnrni@lim of uLEt ED6, and

secordly, the @@bic ataSs etpsiei@d by w4teMta3 t.Edlv
ca@lEflyner.h rope<iPitsre4dlegoEt ortt.e,ldittblvaeF*lr
(Maisha er al., 2023i Re et .1., m21; Aurt et aL, 202q Awual 2019)

Th*t@,,iDn this pdsFctiv€, th€ sesat B e end(r€d$fe fordie
chd& !o surf@ rater boalie& El AElt ddDsqd, 2Or 2 rerdLd 0E F
EolEl of hary Detals .nd othd indsaDlc @oraEiEts fi@ EteEter
duin€GWelta!8e6dimp6ctof 8dlEi@ItE.d@schEhtt4l
pdipilati@ di56olutim adsptla! dd edor r4ti6.

DeBiled ttudiB m the preftt of e@E rg @Elinann in sTw ard

surfa.e wate in the study .@ @ udq{ay. PElinimr}, rsrts p@red
in laDle 4 Indldte thei! abe@ ir sTW and ebsequ.ndv iD tlE 6!s M_
face r@l GID Eeivirg STw. Thir is be.ause tlF sTW uiderBe difi&dt
levek of tut@l nqhdt s it oe.trdc a loog Eid@. tlne
(>14 days) in ranls (Mdisna et al , 2o2sj T@ d aL, m2q lc.tstr_Td
et aL, 2003).

'Ihe rjuvoaEd taks m home !o a v.dety ofbirG, su.h d flth aBI6,
h€ron' an l vsioB t ?6 of ducls, in n@ting the Pese or a brge filh

Nole: rDL is bel@ dE.lekcti@ llnlr of I x 10 6 BB,.

surlsry of @rsfi8 cobnlrEiu i! Ecdrdv @t€d we,.E ed erEe

6ee@6o![6PfuUlld

lt xrl6ml Plulrr@d@land
EIqEI oE PFdUd

Note: BDi- is B€low ikmi6 Urnir (< 0.@1)l
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33,oafi.tut@C

Flt.3, dEB. h8@d}chf,elaEl Hbd.ndEF:drB d@i.? !d.d -Ei,chr4d hndlob (.-d b).n E}hDd bndbt6(crn OsclE l\Ebludo (h &6 t6NDi c rn dYidat rd tu r(cw d 6,rvri

oE a ldt p.rlod Io orda ro cnfm the ndilgs cw mod.{ir8 E Fl& S Epr.d tlE.rhdd ||Itirl, EdrE!.d ct 
'&uldld 

cw
levd tte El6 ir 2013-2OZr,IE trE{ y Edur8c.dnd.. rE vdi,
d.t d by 6EF lnS rh. Eodel dDut t d cW t ids rttt okn td GW
t nl, ln EB of R2 d nMsE (G6,ai !d s.Itr, ,22r, m22D;
sddE ct al., 2013, rn n8. s, bhr d tla brs(ur{dd to rt EdE!.
fern nhrul dn tmlc Ery.cdvEty. As.IilqrEd io s.crkn 32 tD rhhD
p&r.d hdltoL. dL(r tood cw lEdE Jllr !ftE iEFloS E irr.d
ln Meh 2018.IrE.rtarm bcbt ssB ard n4 shosld. &tar{dcw

tu qr2tdrr*dar (D) be

s.ttnrnn Fr@.rar d Ddtulm of rb dd oxb.ttoE

As disc8!.d ltr S.dlm 2.5 a phtsielly lDp€d un@n6red mod.l
AMBIIAS-ID w6 u*d ro hodcl lh. cw Llrl OEtrDdotr tr rE $.F cdt-
sidatng tlr. cw elt rsr, dkdtlr8c sd pmplns. h th. 6$t sEp mod.t
6lb.rtlo{ wd oEtcd out to!. Frtod ofs y!a, t@ 2013 ro 2Ou .hdrU
ehich rh. cW l@b etc. rqrsl.th€ of td8.ED cw b.trne h th.
noGimFct6d l!8tor Th. t d'i.ted !.t ofFrarda!.lqt8 ktd, p.rtb(-
,]rc ttdl.!, .n@t M.an fuEtd trof 0UrSE) ard to.fida|t d de
tsDtDdcn" (R.) @ [i.d tn T.bh S, ri& 4 n?rEtE tt cnop.n D
otrimbEd .rd obEhEd cW kEb lbr dE EItf,doi Fiod h dE Ec.
oDd st p, thc crllbEtcd El ot aqutftr D.ErDlrqe ,4 torcd tDto rh.
Eod<l ro.dllrE rt nonrhly rlrir'8. vdE corEFddir8 ro th. b6
fir b.rEn otc'l4d rd shluhEd c1v Ld.6Er 2O!3 ro 2021.
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bd a, rrr rct ,,t*ffi t77 (xBr r@e

inp*d

-l
4.t

.t
I

{
I
I

I
I

l.l FI

D.Lfcd lmrd

II
I

I
II

lcl tdD

Fb. 1, CdrFkr d ii.H d otG6d GW Lv.L h.dlhdoD Ftd GOr3-2Ol7)
sdE DE lptnddrd.o frsEOlD c nd Giw brl rh 6q! x(iv^ dn cc1la

Iltov.ryb@Eof .b'rL.nd@vrffi oac:wodE@e[6r
frm th. l!,uvdEd te*i TbG .EMl ,!ta hit.t 60r .dt l@6@ ir
tabd.t d sd plwit.d h r!H. 6. D.[y t!rnr8! r.l. bd..! z)18 at ia
th€ @8e of o.t ro o./la En for E[ totr todrcL. dudcd ]lE &ilv c
charye Et6 of NE dd Kl eflct the loPact of EycUnS stltilg tm
yd m18 as th€ &ny r.dErip 

'8tc 
n tlEr 2-r0 to.t hlths f@ 2018

ad 2Or9. TIE sharD ri$ in tlE ohGved GW lcrd!.t ImP.cEd l@du
in Btr8e of 20 m to >l oo m witbin ,l-6 tMt}! durttim nWB ttE hithd
dharSe 6timt.l bdBe of conElbutlon of EjMntteil t tlc since

2019, th@ two boreiole 3it6 qhtbit low g&.d CW loel wi.bllity
(euod s ml as dE rir6 e ir tlt vi.&dry of th. trrb whidr at $ @
stanr h6d bouidary @ndttl,or. Ihe oth€. r@ boretols (sB ad liB), etp+
n6E Ho rllB ria iD drily re.hd8. or. h mm 3rd 202r B!.(litly
coniming a.br.yed imp.d with n ?.G to z)l8. NGI PdPinS to rcddSe
6tio an l@rtoE befoft th. Ecttltng w.! > 1 3i8nifying urulElli@ble
cW ,umpmg ln th. t!81d. ri. drlly Ehar8t ral. i"tprvcd sigifi@dv
p6t 2Ol8 beeu$€ ot the qtD rehlrSe fioB the tenl6 whlcl is much

hiShd 0w dc dir..r rcdtssc frorn rrjnftX. Irle hslad rEclD4E cm'
pem.t!6 ld plrDina ald th. r.tio of Et PUrPtng to totol Ehar8. drcp

below 1 TIE GW echar8€ ddutet b$.d otr GW Dodcllng lndi@te

rhat this lar8e ule rEfclinE ot STW hlt erhuced ahe cw Elta4e tn

tl€ rc8ior cultlng In ralld Bovery of GW 
'to..g€ 

(Manisha et al,
m8; El AEbi atd D6e@d, 2Or 2: |.e*s-Tal .t al., 2003}

3-4 btp@mgu tuqrliq

TLSr+bi!fus64lhffi &d,lhgludoiaqEItylndEir
pstld bddFl6h! iqortd-6d nd.d Fetctal6dnF'
iDt dE datr ftoo t fqt md !frs lh. tE dlrg Fttd- ObarvetioB
indiete thai in fie 6e of NE, th@ 6 rc !i8di@r cn 18. I! PH
ldue Horcvq, a no$ble Edrttiot in 6ts qu.lity FErEid w! oU
svrd, iEllding a ss % rld*tid in h!tft..i, 23 9t edtrd(. l, TD6'

12 % rtdEdd in Eq .6 t6 ttdktio ln C!+,62 ct ndrEdot Lr N.*,
22% redEti@ i!Cl ,.rd 8a st leatu.tid iD ltq-. Slollrlv, fr XB, E
ib.rye b pH vdk ws obn&4 hn dta w! a siErituru ltdttdid in
ut6 quXry F@..as, lndudins ! 70 % idEdo in l'rrdi..., 76 c6 G
dEtid in TDs, as q6 Edrtid in Eq 88 q( edEtion ln ca*, 8a 96 Educ-

ti@ ir Na+, 96 96 rldrktid in Cl-, and 9ll 9t Edsid i. No3 Fi& Dr

od D2 tApFrdn D) ret@ts ltductid h M8+, (+, So?-,.td !
when @mpaed heBd belore and aft . ecyclDs Fdod CLlrly th.
hard mt6s of det? aquia€rs (b.fm E yclhd with . Ior moE dlslved
s.lts hav. trsnsfo,ned Eto . norc .gtlcul@ &isdly w.ls Orae
etal-, m8i 1@ et zl., N22).

ligi 6, 7, 8, 'd t higHishr tn! .[hrdon eft.r o tlE wa., $DUV D+
rd€r6 Edring fM the rEfEt8. of Eqd€d w!t6 htoth..!*Pqdler
dEirs ilslnfiE tioo ti@8h th. &lL & dE!&.d.tll.t, ilE STW icld iD

ta*s rnflEltB iDto lte $hr6ce .!d d.€Ps lqulfat npldlr' .!d F@
lsres Erti.rlly thEuSh lhe llEtmtcd @. tow.r& rh. mrd bblc
(s.l€@ et aL, ml6; E tde ct aI, 2o1I). thir i!fltltt6 FD6 tbu€h
dE $il is srow. {hidr r6,lt3 in th. ptrii.dd of ev tld6al choio!
rhat Fry haE 6ep.d rhe s61lwarer E!!ha Foe* MofuE, tld!
ilFation prqs o..uiDS over ltMllu srrro dE Pohri.t p$boft,E
etlsitrt lh.n ftdd dieoff (HEe .r d, 2q23; Her a .I, 2o2r;

Maurya et al, Zr2q d.o d aL, 2Or)
TIE EEov.r lEh@ltr iDrolvcd l, th€ Evdlnr pcr..lndde

physiGl filtEtb6, bidetr.dtd6,.d$.p.io, clPnjol PGiDlttlio\ i6
n6nB repte.rld iE sctd 3.3 @lfim dlt sTw filld in dP tanls

ha rEherged the Gw tahl. ot th. 3tudy 30 6Dd Oui thB *.ri@ rcF+
sB lB ihF{r @ Gw qulity d rqE enr.d in Fi8s. 6, 7, I ard 9.
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Pb. 5, Btdlr.r.rt lmdrly rEr!e!. fi6 Eh6[ d hr\sh@ Itldpinde.t ( fim t(strDMc dd cw td.k tE tcwa&ld cGl/V!,

se ol fr Tdt Dt*d t (z@) t5r,,

qdl,lEc dn dhldon. Mtolhirl ..doo rydolt mrEE o.8Edc @rff -

a-1ll" :9ry :.ry.d" ehire fulfutio rhmai veiou .oir r,yssrano!!3-3urFtd.d ln6n.' ard pathogB o.rtab.r al., z)21; M.Eoie.r ar"_zorq Bcrtc er at.,2or I ), onffmir8 the sltty of r!. rc(lllrEdgulrdwrtd br.'!E Ar dloM h E8: 69, th ddlrrd iry.r d Ecld.dee dl gudmrd Ed!A. !n sB ad HB E thd t msttriio. h_
P..t d ltrg crrxty b.Son 2ot 9, hn a jsDtfi€In tDlw.mdr hr6 oEsold tn 204-202t drc to .[juri,[ Tt !..dts of thL rudy ..r

Y1T1tl.* * t1i'" 
"q*n 

.,l at. (2Drs), -lb EF,rd LnFa€d
8rqltowlE qu.rty wtth. slaidsrd of ds I ne Lda tn a t.td.tdy a-FlDalbl etup_r6irE Edlie.d sd.r h! SDudgrEr G.}.,!e E iEti
.ll:T'd (rot-a obay q Eoov.l of iE d€d $nA! Dtod.ed_
DE ilrE r dEota\ ptEqidrs, d t6v,6t dE b d.vs&..
no.acylt'osit (F ),6e96turtm(Fe),st 90ft.rdta8clkcrto
CIDC), rnd 3() $ tu ph..plm8 (P) tnErst . M,in syr.n wEr Eti.d

E h8.6hre&d d.

D.r, ,td'r!. nE (rE /d.y)
NdF&0.'!bdnEddlEndo

Diny idr4. tu {,nn/d.y)
Nd Du'Mr! b brd dh.at n o

Ddt,!.trF e (o!/ir)
x.r Dlmrru b rdt Edrr. d.

ho,'!dEt rE(iE/er)
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FlC.6. Inodon sEu.iw.t . qualir, (DhyticcHdl)

N.te r.for. Ey{lln8 pd,od ls z)1}2ou wtEM .fr.r rEvtllrs Pdiod b 413-2022'

ws*cw@ 6 urd t r gourd@ts drE$e lclcsTal €t 51. (zn3) B
portrd 70 96 Emvd .fidocy tu COD, BoD, ad odE s!@,c tborgh

a SAT rrs14 $tgl !@0ed w!*t {rE E rsd fr goiidldE ted88e'
Erpe.imotd tndi6 by BtuG, r99l .bo tponed ieded leGls of N,

Ioc, eiraoe, dd tul colfdB h ltdEted Stuttdwtq.

U* bnd Covd (LULC) E ps Prcvide tDfor@tlm to 
'!td'6ta!d 

th'
clmnt bDdoP. (Melsh, el !L, 48; nlel et d' 2,23) ABEI LUIC

lnIdDdroD m Ddi@l tldial dat hB @.b16 th mltdhS d tapo
El.hlmio of tlE rtdv na wtc lEd @E is th. Phd6l ttlacitl6r
the iEfd of tlE anl' dxt led r is tlc deid& oa dlhr'E UE lt'Id

fd rioe.r,Enrc kdvlti6. A sl8Difi@m .lift iD unc 6 ot6atEd b+

rw6 20 u lrd 2022 wt@ tle truiba of wate borx6 h& ttdas'd
bv 5 um6, the tt6 by 43 c(l, no.d€d vtgetadon !y 67 tin6' ooPlnt
led bv 4,2\ b{ilt aM bv 43 q6, wbs!6 taF glt nd d r.IEEldtd (le

oi by aa 96 ard 30 ct n4..ti"dv whicn EiE a cld iod'irid o( tt'

tuadd.rdbiMor(M)req

3.s. Idp6t h Ltttt; ryb)n4 d\ @1d Ft Yenbt

fu. ro rcFEtrG t}. rc?ognphic vifl of tlE ihF.r' of 6in8 slw lor

indiEt Gw al,rs. d land e 4d lad coE ot ldpacted a@ l'd
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t.7, tA-r 6 rErdrracuhy (rt d6t ffilsdr tcw .nd cc-vvf,
Nc Edot rEF[n! ,Ebd t. 2oI ]2017 rh.E .ft6 Eydi.s Fiod k ,ors_2D22.

see 4i. fd htiM t77 t ),6A

tEllr.d-avrltrb{tty of-w.rE .M browhr eho0l DodtiE uDp.cl of I{rC@qw ao rh.LuLC

- 
Flg. I I (a) ed O)Frr6r. tL. .!XiEr.d aE dat is ud[red tuf dlf...-an typ.rd aopJnoducdd l @ b€ obery.d rhar rhe a@ udrts d forftp-produ.doo k mE lr rhe tnpe.ted aM (N.rsrprE vil0te) wh.r

11Y.1. T * -Tp".d .Ea (N.r,r@r<i vixrse). sirDli@r rn-pyl.l r! oyag t {lEa .urdEEd rd,€ vEs.ue, (eo %), cqE h
'J5a$r.I.ntldoE (38 %), llowcE (loo 95), fiuib (sz %), d puL6
rry rJ, ma a dDc to dE IncrrlEd ic(tr! to cw wticb t! pdbt. to rtle,-p,Y.!I*1, ry qry w.E. shihr, dsn,ntr,dl,ss rtl

:?,Fduc6_eftv 
(flt r0 b) !E ot'ar.d fc vla6blG (r/ ea), ftltEi2 str, p.,lb{r3 96), ca!.b 0I %), ud FreE (12 c6). OE!n, thaE b !

ry:_!.51d ![ (lyp-d! (ryicdaE!) dErh rh ataihliriry of id-E uw rc(,lr& *lrcD ha.g!d'01,. ottdtrbe,tui{id a{ tEty

1:1111= n 3 ".Tr!- rr p,srody h uE dy.E 
't,.ourrir dxlldG hiE @h.d io v.dds._rity, be h dtu d !|.telry,?l*a ry"'E "d 

tiradr FDdu<iivrr, pG E[ <uldd.it3,E loworSDk c, DurridB3Et sdEDhftc dd rtu r .t @ ,EorcD d! .hl. rorcrt mrd e.ibbilirr. tr @ aLo bc.D,ctd rh.. ri.
fY*. ̂ ::l1Pry^{-Tsrd3yrdtuqshdn'h}trornrcr.r.r_,z%j, urdr .t d_, 2o2l ) dd tlp EvtEt d rh. cW tabh h.. rhtfr.d lD

::rT lq 3* !1 * Esiuts d$F (a&. pdr, or E!d) l.dgr ErE Etdtiry md aho wrtE]otai* z_t- r*tt- ,rp" t,tgF

-_ T_b:]119 
* !a.q-r dE irpd @ Bflr E d toh Fldudq rnftrmp..r.d .r!.. I cfi.b. ot 6,Ed (Fig. r I c) th.r dE $Ddry of nfll

:Hl:a y bryy rr 33 e6 b dl€ i6F<red ,E,h.,, @IlFrduo uE ,o..tmD6.t.d ,E tu" lnc ht8hn ohrvld tisE ti th.
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Fk. 8. Il,per on Srcunhlcr qqllrv (Gtl,oE)

SdEr I(GWA aid oGWB

N@: Bdft cytlnS F*n h 2or 3-mr7 {lEE lnE EFhS pdEi s 2013-2022

aEilability ofSren todd€r f(( t}t snltEls and 15 ako a kEv detahi,ltnt for

Mi etroct &d vlabllity of n lntalniDs llch @ttl. (Meitn' et El '
m23; zzlbd €t al,, 2Ol9) lt thu ,P6E that the imFo!€d arcfl.blXry /t+
liabltity of waEr for fodder culdEti@ hE a p.oti€ inFd on ttv6r*t
rerd!8 aldt wlot drk FDdu.do (altlul8h th qtqt 6' lad dcdhlted

to fodder ud tlEi. yl.lrb sG not rcloned b@}
Ft8. u (d) Et,t..nt. trE ltDF.l of Bins srw in tak rcjuv@adm d

fish productior lelels. Duing rhe druShr drCid@ tne tuh prDdu.tid

deesrd s . Bllt of lowd warlr ovallsbilitv sd FrhaF 6 shortd

trcrrh Fiod br tlt inEoducd tut whe, l$t of tb. t-tks &i€d uP F
idy, Bdaa, dE to llE ImPlqEllrti@ of tlE larSe s€le E<rdirg, tlEE
is y@-lo@d awillbilty of uta in the tol dd tE taJB @ tttE llv
fiUed ro .uilnm ldd! I i. ryt red ttat 4ug to lhe hisit Eliabittv
ofthewaE i.rlEt &t&t wdl e Ut hiSlsvol@ ofwat6oEs v
stoEd h the tad5, the tuh Fldlrtiviry h& Bilted ir m ilr@ by

3a r % wli6 orP.rld with the lE}iEFr.d et ArffittidEd 
'a 

c,
tlEttIradS fldnt tqweErt iD uEr q!,ality,.a.ddfy & DrdE,
be@u. of whld dEE is rFs 6 oplonuitv to at @a dtlr$' ll@
b6 of flrh bur tl$ . 8@ts E'iery while Els faittrrlry th.t HnE

Studlc, slPIdtlnS th. p@t.d cuhs (Zajb.l er al 
' 
2019) @'ly

Or. ,.$.mi ol tE food *b nddng fr@ PhvtcPLnltm '!d 
2@

DIBlttN, lndL.lt tlm rh. aquric Rm tphvo attol 
'ttd 

huu (t@

Dl,rkM) EquGd !o !!+Ft tood tuh roFildft 6F Fed h ti!'qt'&
;mb.E d dE ErI Es {sN9. Trr. iEtd a6ilHrit, o{ Plnltt'a
€uiEd nuEiaE n dr s .mlmit, niEite niEebe' 6lciun! td !@
nB IDE lw cldtv iBFov.d dd is tq?qtd b, tL' fud Gb dvti'
(rur FElId ir lhi. FFr}liinilsv, slr-h a.lditi@l Eniidctr'8.E'
.Ily ue.d fn ftrdli?-io of n$ pottds in aqleJt@ slid ir' 

'ko 
! kDE

peie aBnd tlwdld (?rt l.rd ?jft6& 2o2r). Ndn er at (!'21)

ltbd 4dztdbtudan O@),@9
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rt, 9. Iq.d 6 SudFdd qu.Ury (Arb6)
sdc xc:w rd ccwB
I\rdc P/ci@Eili!8 Fi.dt 2or3.,l7dEE'tuEFttrEFt d I2Dl0_Zt2

t& dlb fd bid.t77 oe, b&

P.dr.rc 
-.r 

st. t2ol O) supDorB lh. Earlb of rhe Ee.err.d srudy .d Gpo.rco p6luE Epd on cW sgncuftlr.l *.16, srd seio@orri. c@o,Ed6 h EaE ert! rqtdB uE{h rrsES.d aquift. Etutt (MAR).

a. Cdd{drE

. l! culustoo, tltir !rd, hthlg}! tt. nE o( hryc.6r. Eqr:ltrg
.l-y.*T"d .*"*tcr tn .ddr!.i,rg herrrlr.r..E1r, in
::::]:Y Tt-* ry..,r",ty o! sni{id Kot , dto.lct rr l[8E
ffja,l'y :t-q"'r.*tcd w6t ttt.r €ftdivcly E uve[lEd

:Iffi iff :"T*,Hff,THiffi IIffi fiHT,JffiFy":y T.T l:: r, r,!rd ler s4ulfeE wrrh frlciulld tnds,8turr6. 6cnisB, and hI8Hy nerurtd idethdld tukq .d ttr. E ults

laol1'- t*ery * to s trm/&y,,hkh h ro tiE rh. od!.F
::._I:1:Ty- n .qr.!oq,,adn€6r.D6hiErry6d.o.'hr
rccy.Da .non on gulldEE LEL rd gult . DE to dd.rblt Gq.€..coong frDo tt r..yrthS of Erdhry tEt d v,e, s, rh.f,ffi-sx,'ffiJ, H"**";+/v r rl,tnaDorq tt.t duiddhd@yErdk codE d.
ll:rd 'T- |I ,!tE D.de+ Edtru h . ,t ,if.dr Edrdior! i,ffifrH'#gfi!5gffi - Envtd.s.'nqs*d

_.-T* mttU. p-,ia" ,A@bh iEbhB 60r sElehotders to accteare
P-r|tu-ror-rcutn8 Et r€d f,rrt.mt ! for indtG! irohdrare Edre,t.

il",fi:ffi,ffJ"ffi yJ;"*ffi ffi .#,i
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LULC 2021.28
(Anr.r i.crdliel

I-

---

ALrrJ 2017. zott
(E iorr s.cydlig)

--.L
sN6.
I-h

nt, lo lrpd 6 ulr4 (2o17-2orab2o7r-2d}2,
Sor6ru(rl7 @rr2)

situauonG, po!'ldh! lonrterE wat6 6.drirv Ho{.w, it Is @ci'i ro

mon1t6 Sroltdwscr qualty ft8d..dv and tnv!.d8ate th€ LonA_teE iE-
pacts of ul|ng 3e@nd.ry Ee6ted slemt6 for lndlrEr SmodwetE F
d,rs€. By dotnS e, wc crn @finE ro !d.t6t ftEhw.rd r'rcirv
suralMbly shlh $PPofthg agrtcuttEl .!d ..onmic 8rw0t tn {atcr_

supplelmEiy dtB b this arocle a bG found ontift at hr96t//doi'

oq,/10.1016/j.*it ltav208 r62469.

cltdlT .uthorla P oEihnirD ctttaar

yqela velm cocpondiry Aurho., tudy d6i8r, data 
'olleoon'

anat)sis, and doftD8 ofdE nDflrlpr.
Molart MDisha -SNdy on Socio_donor . 6P€.8, ilata @Uectid'

@tFts, ard dt!fting of itE @us{riPt
S.rEupt RM Dola coue(rid ed dtdFh, .nd plordnS A'plB
Arnrudlu'!TDeta@n€di@, .rtlvtis, mdpLonirE gaphs

Shubhs Godwmi- Gords.ra Mod.UlrU aid AodFb'
M. &rhd. CoEptioq Gdrd*trd Modclll,& and @is of th6 trn'

n!,u6h N- De t! dhm ts diff@r oryuiadc for th' to'io

Mohe (ll,r M9 cqEptiorl ddlsnig of th. tntdv, 3d Bia of

chd.kya Hl[ ConcePtiql dtslgDhg of dE studv' an mid of thc a_

lrl6hhbrrFm RaG cotEPdoa <hsiSnltg ofthe snidv ald re\tew

Notc Santtufl rrvt dtd Alr<ha TP hav. .n .qusl @Eibutid'

tuolt2ldbttdo7@rt@e

D.h.EIllb it'

D6l! wltl b. orde avdrabb on ta|!.i.

D.clErron of c@Pdt htacrt

,he autboB rhd@ th't they haE tD klwn @mFlinS fiDrdal intd_

6f or p.rtu1rclatidtshjF ihlt @uld haE aDFed b infllge thc

{dt Eporred ir this FPer.

CntcfirXy .d@wl.dSe th€ DcFrlrtot of Mhd Irrtgatk'4 
'h' 

Go{-

d not of l(r r,lo for prdidits flnmtd sufPo.i to @fv olr tnrr rt
se4h. Sped.l sradtlde b sllri c. MdhvlnJava S{@v (S.@tary ro

CoE$nlrt Mi!'or lrriBedd & Gr@d lrl.t6 D.clcFot D<FrEml'
rlpcorrlrr,Ml of v.,@l,la) and Shd Xfthm M (AEE Dqdtrml of Ml_

nd lntoddr) td dten @tant igpolt Tl1. altrlE sdewl'dt' dtd_
..t ;-*", {t p.tEtrot3 $ch s th. l/orutatt rid[d wttd

^uddry 
(xcw^)i d* cd'Eel GEud wtla B@d (ccwB} x'El,t!

St.l! PDtlhidoi cdtBol Botd ((SP(3), CoEtrDat o{I'aE.'ta ttr x!'
n r.I! $e l\blml Dildd lt/totrllotin8 C6Et (Y!'NDMC! dE Prvit@

lM..l Jy$EB ttgrth lctitute (FSnD, D.Pffit of Agricdt@ &

Honicdir@, xolar D.Fr66t ol vauiEry s<i6c6' xoLi robr
Ol}}aDdhFr Disla cooFzdw MItr PNdu'ds Sdidi6 t'ni@ ld'
KoLr drd Dedlnol of Fbheiv Sci6r.!., rollr, 16 pleiding 

'4sv
datr we also ekmwledg. suppon frun th€ Bagdu!' WarE sqPlv 3'd

s.werae Bdrd (BwssB) coEtsPondlnt .uthd ls th4l.ful to
smEI6DF. cnvl of hdia for Doid,rg @rr.n feuoshh AEo tlEnltu
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to tlE Cdlrdl o{ S.latitrc a tud RErcr}ln!tu i!-.nr! DeeE}.
of6a{ Greup (CSIR-HRDG) fc Flfidry . Ei.dr Hto,,Crlp to dE of

aElrx-rmg^broF..EiJft.ahidd,tu!(rDh*drtnm
,-dE. J. ljnE Cb. 14. 7 (5I rB7&AEtr&ItE,X.|l.,rDt!,rtD{d!dq.u,ffirn .6rtur.&}

. .GFISE rod4d.4 Etu d 
'@dr. J. d !4, Cb. r, !or-5trrrrt ||x, rb-, |(ra, ri-,a lnl /u{- nrha[ax_ ra oFrlEdodrb

-ndi dpdr.d Di!'rt rr.fi.dE *ittor.d ,ml dd., tlll r,*rffi,.ilc th.2s, r lr3s.
3rrr, |(E, vrldaEt4 J.r_ roodilal" tq dl.4 pr., ,olr. AqE, h,!E. ! otE @'E$rdtt d.l6h!6rdtr&.er.FErdt+tr@.
- d(s r),,! h /r)}E ssua dtElrdE' orD.;er^ wrEe(31t79.&G, R, leel. GE nne Elrls! ,ld F+ 4ElL wc so. rR,!Dl. 23

s.rcq_t" rEl s, ,rb!} !r r{a,E! s. ,on. r.a.d {otE ,tdr!. o. r_.dx*lG: cqdftdD!, tab{ 6- ifi6d_ dEqr ft;& _r{r. na .s o,} rr..{7rr
3d!,t4 c, r&r-l c, prel q:f,7 rE6d*l d rtr.r[e A @..r9,,ttd'x|.}d'^
Eq-dbtuffi) rGq2Dr2S#-br|rrilE EsDddrtrdd4N&od4D ,-&.-E hd4 rt l. r.rr !-id ry&( xr6r1 . t|tE//i'd&D I6/L!.L/brr..e-lil
ctr ri,2012tutu!ot|d r.LDt*r!b, b,d-lEr.,cdlGudlr.rarlHo!Mr
ccwA 20, Ndtdd..qtdo6dt ;rdEl@ dHrt hE/,.!tLF.tr4i.'d/n td4lfli^ hrl4d
cc1dB G.lr dtctd F!6.), 269, Cmrd xc r6Esda lotld 

^, .bl. tfMbEn rvdd t(ouf,rxdHuiEd. (qrLFnI
.ndLG q, r- r{l! w- n E" Ll ir- uq r., wqi rocr. H. sddc,a ur ,B Ev.l.!.rhr !6dr tEIdeG rdlF b rh,@dy .m fad@R..rd {hEdd

b q r€ d.r.an sd t&t tdrm s$. rsB7.

tuqd.fdDfiffin(Mrr@

Pt. 11. (.) rd O) rftp..t 6 dop pt!drdt/rr,,, (O nnr dn (O irh l,t,,$ttuttut ,f,2t_x)2
sa@ D+.tur of Adcd@ & Hdidh rol!' 'ft nDdudho &E (ra1-2o22) ton rol&g!fitlb.lt P|rdt Ekro{paadE nUlplld@t Dd.o6 ur dld. t6lrr, on fldcy &E (2021-20?2) D.p.rrnor otpthry so.E, 2ozl, l(otr.
N@ Edridd r?lEltdtnrdc, ot-.d8, sthE dt.robDE! @r,i rcnu! Efirri, lid muthrryj vcS.Ebr., brEDo, Ftaiq !@lr oDb+, !r,& (M!qdolrr o6L .n.i Fture Ea8q h@uaj !Fo, sEv! 8r!D..' uElt!.ldl p-e,,.", Eor* .o; co; ri+ ,day, _rrql.*, d;.iti oi; rr_-n bd4 .rry.rd6ur jdl,E, fte, oMirr, .rc; rubrld sm, n.u t-1 m, --p.,,'r,c- g.,1 g-Ji^.," - * - g-d.n, _d._.

^h4A 
cr,.r, n-, v.Ihe, C, D{d. c- s.L, A ia,n -{-da L, l\ac,i s,c.,E, J., oGq N., 2@ pdrryr rd.fidEr., oadlqa @.d6r h trh

E tu 6Dqr .0 rdh Et'ld J, tnriEi ,tr4 3fl, I lscj/
^Lnr., 

lrd u, 
^, 

n r,s" cih,eid'd. M- iidqq,sx;r,, irrqtd EukGdEI. Ind@ldm oiEb b Ebre hE jrbftt, sd. 16l ljvrE 75s,

^xdi,r 
r,l,, 4 D., o<, E, r!*r rq zot.. ioL d FEry n*-p @ctu ddd,..idGodd..edlird-r-t c;....rd{dE;6rF,F6 J. Ih,tE rar+ tai( sa-an

^rr4.H.rt, 
cd, a E{rq, xd4 

^id.xE 
, L,r_ sd..t r,r. nz hF@.1F1{v.!.-.!-c.trbdrq!tuE!,r-Es,E.,EEr

d ElrE!' sd.E nd r.dr.r6 t7 t|,w4 a.rDq r! eh, L. b, xl! stu, E LqE , !e hhrrd.E
Ebt rfta rrd D d.0.rr, a.r, b sai tr|E ralE wG rq
a. o{r 65-7i

AFiA zE ffi r/ffi tu drEGhdor df,,-na w-r!,.2rr.dddlnErd Mlclbb aldio/rEEr rvrr ridr rD.rn6/wE rd*d'.lr,do!wdrlbE
^-E 

x, c@4 JA ZXr. dd6 ElIS.rt6 Et&d d-hr EhG.
bdln d ,Elhay --ir4rar xnar ri ss (st j e.t-r6r,

^qrr 
,ar, 2016. A-q of t-d iID .rFrtt t6 dE!r..td tu ,q E

Fd d.D.d co4rt& rl,h( ch E{_ J. ,n, a6-z}
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cdra sr, bda, sr- irrdq s., e'rd6r1, s. EdDr@h4 R.N., r'$had4
r,r., Lpdd! DJ , JErm, C.f,, G.ddy, D.C, No, S xr" arEnDPdhFv, ! t{no
cn ;i4ardn-dd'y or..raEd sds.inrrd in dE c.wsv tuvd bdD di.
E/toFoL J. 2a. l,)-1304

criB r-w. r,jdd.5'urr U,, Bda

bEr,( 
^5b. 

a rrE v.2@r. (E.n 
'qrdi,'r 

of tdd,G ddah '.Hir.Bri.J Htnd. s5 ,2.18
ffi.atldB sdaxa xoE, r2t.. 

^60dLd 
hnE//rw.dEierdd,

oa[. trg hriDr/aMd-lE.njcinMErdd&/Fomlnotu
cosqEdrr/sJ'lt )t ll3r!622lrxlrauffildrtxadd-'C'

DS4 r(R, NqEA S^, R.t, rI, tth, raJ., 
'd-, 

A. f&Er, AJC' 
^u{ 

VX' r(I3
ni.to; ** u a"ui'at * dtE E I'r-r or tur}le.d '6tuh8EmnY tmdGL s'r Ld P!Ylro''

Dnroq P.,.^6h'd, M,,,D16, M.rs.d Tdk drt lnii!s.!.d tuI@ od6;
E.,L l,n.!rdd Cotldse MlrSad sFt'{s, or5, D. .3s_4s:r

!l Mr{ N.E, odor, []\,, 2 G^rdhE4ulfd r!d84.,id did,@
Ln E{yDt E}ol6l, mvlrdl]Eb\ ..monc ,n qubdv ..ndit6.dN hlin.
w.E rd 17 Ol) xtr

cuplo! *rtr povrfly ud nsin d@li!.d DEqr6 tur'
- Fs{.d .dnrd6 b rdr otEl.! xrr*Lr rNo. 2orr: 09I Alnllbh aous wat'

r.L;, a, ll.dai ., Ei.l-,l s.r., oad.ali-alod, I(, stltl v.r' D.Li4 N L,
Mrd4X- 20r& ri. 'C.a6r.d rdd& rrrsDldltureF tutL a
vrlo@d otrdrlL FE @ lE dotl rdtd of n'rd D.id.Fd
rsrlEma{. Ir.dd' n6rn 2, 62-67. hlF//d.id}/r 02r6v!tdl2aa Is{
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W8t€r QurlityADrlysi!

IISC Ben8aluru uoder the K&C Valley prcject has beer periodically monitoring the water

quality of STP effluent. The water quality of the snalysed STP effluent between January

2025 to J.![lle 2A5 is p\esented in Table I 8od Tabte 2:

Table l: Water quality of STP final treated efflucnt

Remarks

The vBter quslity ar th€ DC poins me€ts the HonoEble NGT st ndEtds for atl Pnl,melers erc€Pt fo'

E-coli

STP Outlculrc Poht

2tMry 2utr2s-Fcb 2tMrr 2SApr

Hon'bl.
NGT

dbchrrgc
stotrdird!

(NGT,
20r9)

2SJr!
SL Unit

7.2 7.47 7 7.26.5-9.0 7.2i pH

2+06.4+0 8.3 i0 15.6r0t0 3.',t + 0 4.5+02
BOD5 (@t2o

'JldL
40+2.7 NA42 r 5.7 37 r5.5 39+

1.450 24!2.83 coD agll-

9,i I l0+ I9+l 5+ 1.5 t +tt0 Erl4 TSS m.dL
8.1+
o09

l.7l +
0. t5

4.9 + 0-0EL14+
0.07

0.39+
0.03

0.{x +
0.02nelL 55 N}I{.N

NA6+3 t0+2 9+ I8+2 9+lTN mET- l06

0.7+ 0 0.6+01.3 + 0.1 0.6 a 0I 1.3+0 L3+07 PO.. P ,rgn

>230>230 >230>230 >230 >230lvlPN/10
0mL

< 230
allowablcE

Faecal
Coliform

NA - Not nvailable



SlNo. Mearls, Bctlllolds,
srrd heavy rltetdr

N r0s00 (Dg/L)

(Brs 10500,
20t2)

.ry tre.tcd
stewrtcr (Eg/L)

I Iron @e) 3

F
36 + 0.02

1 MaDganese (Mn) 2
P

.02+9

3 Zitrc (Zt) 5 L+0

4 Cadmiwr (Cd) 2 DL+0

5 Lead (Pb) 0.1 +0

6 Arsaic (As) 0.2 001 *0
7 Chromium (Cr+,) 0.1 F l+0
8 Nickel (Ni) 3

P
.028 + 0

9 Copper (Cu) 3 Pn*
l0 Alumhion (AI) 0.2

PtLr0
Barium (Ba) 0.7 M5+0

t2 Boron (B) 0.5
F

021+o

l3 Selenium (Se) 0.0r
P

DL+0

t4 Silver (Ag) 0.1 l-L+0

l5 Mercury GIg) 0.001 DL+O

l6 MolyMenum (Mo) 0.07 0Olr0

Rema*s

Table 2: Water quality @eavy metals) of STp final treated emuenr

Norc: BDL is belov, the detection linit of lxl|a ng/L

The hes\,y hetals are not detccted iD rhe STp fibal !.e3t€d watcr rEsching ot th€ DC poitrt of Kolsr.

ID facl, lhe hcavy metal lcvcls arE meerinS drinking srl€r slrnddds ISIO5O0:2012
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Assessing the Imp.ct oflndirect Groutrdwaaer Recharge through Recycled Water otr
Public health ln KC Vrlley Proiect

l. Objective:

This study aims to quantify the impacts of water recycling Foject for indirect GW recharge

otr public health.
2. MethodoloB/

To obtain the study's objectives quafltitative data were collected aod comprehensively

analyzed. To assess the prevalence of diseases in the Kolar disEict over the past EiDe years

(20I 5-202 3 ), quantitative data was obtained from the Dircctorate of Heslth aod Family Welfare

Service, Kolar to understand ifany changes in disease patterns after implementation ofproject,

particularly waterbome diseases.

X RcsnTr

3.1 ADalysts of public health data received from health departmenas, Kolar

Data received ftom the Dircctorate of H€alth and Family Welfare Seryice, Kolu, Govemmed

ofKamatak4 indicates a comprehensive overview ofthe pr€valence ofwaterbome, and water-

related, diseases in the Kolar Tatuka which is one of the impacted arcas. The ten identified

diseases include diarrhea-gastroenteritis, typhoid, bacillary dysentery, viral ttepatitis.

leptospirosis, Japancsg enc€?halitis, malari4 dengue, chikungunya, and skin diseases.

Summary ofthe findings

. Total prevalence of diseases rcduced by 67yo fiom 11012 cases during pre-recycling

peiod to 3627 during post-recycting period. This is attributed to ircreased hygietre

practices due higher availability ofthe water

o Typhoid fever cases decreased by 85% fiom 673 to 100.

. Bacillary dysentery cases deqeased by 70% from 588 to 174.

. Diarrhea-gastoertedtis cases decreased by 6'19/. from 9312 to 2990.

. \4ral hepatitis-A cases reduced by 53% fiom 83 to 39.

. Leptospircsis decleased by 53% ftom 63 to 29.

. Skin diseases includes rashes, eczema, blisters, redness, itching re-duced by l0olo ftom
150 to 135.

. Malaria cases decreased by 57% ftom 7 to 2.

. DeDgue did not indicate a distinct itrcrcase or decrease pattem, during both period

average cases was 70.
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4. Conclusioni

Based on data collerted in this study from rhc Directorale of Hcal$ and Family Wclfare

Services, Govemment of Kamatak4 the analysis indicates thar the reuse of secondaq/ rerted
wostewater for iDdirect grouEdwater recharge through the Sojl Aquifer TrcatrneDt technique

does not adveNely affect public health. On the conrrarj., imprcvements in hygiene and WASH

scores were observed as evidelced by the decline in waterbome diseases. This positive

outcome can be attributcd to better watq availability, improved sanitation and hygieae

practic€s, ald cDbanced nuEitioasl intake. Il thc cotrtext ofgowing water scarcity, particularly

in semi-arid regions, decision-makers should prioritize and support projects that stengtheD

water security through sustainable water reuse. Overall, this study recornEends thal

policymaken activcly prcmote the rcuse of treated wastewater for indirect groundwater

recharge.
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Groundwater Quallty and Water-Level Response to Recharge ln the KC

Yrlley Praject

Oroundwater recharge assessment by the Centre for Sustainable Technologics, Indian Institute

of Science (llsc) indicates (Fig. I ) that groundwater-level time series exhibit a sustained rise

beyoDd precipitation variability, Foviding clear evidence ofrechargeiriven aquifEr response

in the impacted Kolar region. A significant post{echarge shift i.tr Brouodwater quality is

observed ir impacted locations. Comparative evaluation of water quality duriag the pre-

recharge (201,1-2018) and post-recharge (2019-2025) periods shows consistetrt reduction

trends across monitored hydrocheEical indicators in the impacted region (Fig. 2).

AnnexurF[: Grcutrdwater level vs precipitation (201,1-2025)
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ADnexure-ll: Groundwater quality compadson (Pre- vs Post-recharge)
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Fig. 2: Comparison of goundwaler quality indicatoE ir impscted and non-impacted

locatioDs.



Summrry ofFindings

Gioufwater-level amlysis indicates a marked aDd sustained rise iD water levels in

impacted locations following implementation of the KC Valley goject, in€spcctivc of
precipitation variability, confrming recharye-driven aquifer response (Fig, l).

During tbe pre-recharge period (201+-2018), decliniag grouDdwater levels

corresponded with elevated concentratioDs of total dissolved solids (TDS), har&ess,

chloride (Cl-), sodium adsoDtion Iatio (SAR), aod elecrrical corductivity (EC),

indicating degaded groundwater quality conditions.

Post-recharge observations (2019-2025) shorf, a consiste reduction in TDS, hardness,

Cl., SAR, and Egin impactedl€eations, as{ho n in Fig. 2, reflectinglh€ influ€n€e of

dilution and rechargc processes.

Comparative amlysis furthq indicates that impacted locatiotrs exhibit b€tter

grouodwater qusliry than tron-impacted locations during lhe post-rccharge p€rio4

paniculady with respect !o sali4ity- aDd sodicity-related iDdicators.

The combined impovement in groundwatsr levels aad reduction in key hydrochernica!

paiameters demonsfates the positl've impact ofthe KC Valley recharge interveDtion on

aquifer quaDtity and quality in the impacted Kolar region.
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K&C Vattey Treated Wastewater Reuse Project - Level of

WaterTreatment
The water pumped from borewells in Kolar district under the K&C Valley prcject is atr ulka-

high level teated water that is subjcct to 5 levels of trcrtment, onc level in advarrccd scwage

b€abnent plaffs (STP) and anotber four levels following nah[ebased solutions (NBS). These

five strges culminate in a form of soil aquifq treatnent (SAT) method which is a part of the

maraSed aquifer recharge (MAR)-where treated wastewater is filtered thrcugh seveDl

natural soil layers, effectively reoovilrg contaminar s aad also improviog gloutrdwater quality

by diluting the endernic fluoride content 8s well as the high salts within. Needless to state, dre

resulting goundwater is at a better quality and is bereft ofthe high salt and fluodde cortent.

To meet National Green Tribunal (NGT,2019) discharge standards, conventional STPs

(originally buitt in 1979) were upgmded with process modification design details provided by

IISC (in 2018) for incorporating Biological Nutient Removal @NR) systems, disc filtratioD,

aad partial chlodaation. This resembles tertiary-trcated water, holdiog sdequate micro-

macronutrieDb, supports aquatic life in lhe recciving tankVlakes. This in tum providcs the

basis for micro asd macro living forms in the lake water that is tre€ded to keep tbe watet her.lthy

aDd in tum promotes fishedes, contributing to local biodiversity revival.

Considering the above, utilizing severe trertmsnt methods such as RO, eic. that strips th€ wster

of these nutrienb will only creste dead lakes bereft of life in place of the "Living Lakcs of

Kot8t'' thst rebins the self-cleaning capability rcquircd !o ov€rcome humaD, sdmrl atrd bid
itrtrusions alotrg the way. It is thus prcdicted that tertiary or RO beated water will only

negatively impact aquatic flora and faulla rqsulting in loss ofbiodiversity.
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The K&C Valley Project, launched in 20 I 8 by the Government of Kamataka, aims to address

water scarcity i.u the seEi-aid Kolar alld Chikkaballapur districts by chaonelling secoudary

feated wastewater (STW) fiom Bcngaluru's sewage treahnent ptarts (STPS) to 137 village

tanks ("Kere'). The initiative covers 24,000 hectares ofsgricultural land and beDefits ne.arly 2

millioo people by eDhaDcitrg groundwater recharge, improving watcl security, aDd stimul6tilg

the nrral economy.

Contitruous monitorilg over six years coofms that treated wast€water, atrd surhce wat€r

meets NGT, 2019 staEdards atrd grouDdwater roeets the water quality criteria for irrigatiotr as

per 15:11624-1986, BIS Standard, with no negative impacts such as heary metals. This is

largely because, Bengaluru's wastewatet being predominaDtly domestic, poses minimal

chemical contamination risks. It should be noted that rhat wastewater generaled in Bengalunr

is predominantly dom€stic sewage (as mandated by law), ard hence there is very low lGlihoot

of heary metal contamination in the first place or its h-anqrort, even if it had accidsntally

eorered this sheam it would have been taken carc ofas thc wastewater ulder goes a fiveJayered

purification Focess such as

(l) an anaerobic decomposition during travel to STPs which precipitates heavy metals and

tsansfgrs them to the sludgs, cvcn if they cver fiter this strEan a.qidc[tally

(2) a retrofitted aerobic se\yage treatmeot system which meets the skingent discharge sta ards

sct by the NGT rhe STPs ensure removal of most of the household chernicats including

domestic surfactants

(3) when the tseat€d wastewater rravels a distance of 53 km in the closed pipe ftom STP to

Kolar Egion taking about 22h, any residual orga[ic compound gets biodegraded,

(4) the treated wastewater uodergoes over lG{0 days ofresidence time itr contact with ao algal

system in an opeo watefuody (taDknake/kere) firnctioning like a polishing pond,

(5) finally, the treated wasten ater filters through tens ofmete6 ofsoil contact before recharBing

grouDdwarer. This gives the rcsident microorganisms ample time to degrade any biodegradable

compound that has escaped the earlier four stages. Futher, the goundwater quality is elso

improved by diluting the hard groundwater with soft water (recharge water) as th€ added treated

wastewaler acts as a diluent reducing the ill effects ofhigh fluoride and dissolved solids conteDt

ofthe deep aquifer $oundwater, which was the case before the iDplementation ofthis Eoject.
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Extensive IISC studies clearly confirm no adverse efrects of indirectly recharged groundwater

on soil, crops, livestoclq or public health. The cost+enefit anslysis hdicatcs a benefit-to-cost

Etio of ^4.34, demonstrating siSnificatrt ecoDomic rctums. The Proje{t has led to imprcved

groundwater levels, rcvived 8gricultu€, rcduced eucalyptus plantations, and reversed

outsdgatiotr ofyouth who have now retumed to faming, floriculture, horticutture, dairy' and

fisherie,s. Enhanced water availabitity has also improved sanitation-hygiene practic€s, and rurd

livclihoods. Overall socio-€conomic status has shown a Positive impact.

The K&c Vatley initiative is uow recognized as a model of circular watq economy and

resilienc€, demonstrating safe and sustainable reuse of tsEated wastewaler for groudwater

rechaBe. The project is regularly monitored by a national expert committee including Prof.

Shyam R. Asolekar from ItT Bombay, Prof. Makarand Ghangrekar fiom IIT KharagPur and

Dr. SaDjerv Goyal from CSIR-NEERI, Dethi. Prof. Makarand Changckar insp€cted fie site

for the whole day and "apprcciated that the oulcomes ot this prciect drc wy interestingwi?h

pos,Irve rimpacts on so lvitE one of the fiain problems of water scdtcity. ExpetB opined that there

is a need to build on lhis expeience end Eplicete it in othet groundwateFscerce ateas of

Kamataka and tndio', The findings of the study ue being communicated and published to

int€mational peer-reviewed journals by the IISc research team. Needless to say' this is a world

level exemplar appreciared by one an all.

Give.n the above poilts, the IISC team roonitoritrg this project is of lhe opitrioD that the

secondary tsealedwster is adequate for the pwpos€s of this project which aims at improving

groundwater levels and quality.
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