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ABSTRACT 

The irate iat iwhich ithe irate iof ipopulation iis iincreasing ihas iled ito idecline iin inumber 

iofnatural iresources ias iwell ias icausing iimpact ion ithe isources. iGround water iis ithe 

ilargestsource iof ifresh iand iusable iwater iand iIndia ibeing ithe ilargest iuser iof iground water 

iin itheworld. IA iclassified istudy ifor the iidentificationof iheavy imetals i(Cadmium, 

iChromium,Nickel, iArsenic, iLead, iSelenium, iAluminium) iin iidrinking iwater iof idistrict 

iPatiala, iIndiawasaccomplished.The iqualityof ground water was idetermined iusing iwater 

isamplescollected ifrom ivarious isites.Heavy imetals iwere determined ibyAtomic 

iAbsorptionSpectrometer.Theilevel of Nickelwas ifound ito ibe iupright iin isample iwhich iwas 

iinagreementwith iWorld Health Organization standards (WHO).Chromium , Lead , iArsenic 

iandSelenium ilevelswere ifound itobe ibelow ithe ipermissible ilimits iof iWorld Health 

Orgamozation. iIn iwater isample, ithe ilevel iofCadmium,Aluminium iwere ifound i(0.006 img 

iL-1) iand i(0.034 img iL-1 i)respectively which wereiiabove ithe ipermissibles ilevel i(0.005 img 

iL-1) iand i(0.03 img iL-1)as given by Bureau of Indian Standards for drinking water 

quality.Demographicalanalysisof ithe iheavy imetalcontents iin iground water 

ishowedunsymmetricaldistribution iin itheiiarea. High concentrations of aluminium and cadmium 

helps in determining the quality of ground water and additionally this study helps different  areas 

in  iunderstanding the potential idangers to their ground water assets. The istudy iarea iis 

iunderconstant ithreat iof iagricultural iexploitationandthere iis ialso ia idecline iin iwater itable 

iup ito30 ito i35 icm iper iyear. iPatiala ilies iincentralialluvial izone iof ithe istate iand ifalls iin 

ithedark icategory i(stage iof iground waterdevelopment iis imore ithan i85%). The outcomes 

from the study suggested that the data can be utilized by the government authorities for 

measuring and improving current conditions.e discoveries of the ex 

KEYWORDS:iGround water iresources, iHeavy imetal icontamination, iHazard iindex.
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CHAPTER i1 

INTRODUCTION 

 

1.1 iGeneral: 

This ichapter iconsists iof ibrief iintroduction ito ithe iheavy imetals iand ipesticides iof iground- i 

 -water of districtPatiala iand iheavy imetals ipresents iin iouter ilayer iof iearth. 

 

i1.2 iBackground: 

Ground water plays a major role in iday ito iday ilife of ipeople. iWe thepeople iare 

iresponsibleforidestroying the ground water sources which were earlier available to us in 

abundance.  Increasing population, industrial wastes including chemicals are some of the reasons 

behind the icontamination of water sources like submersible, hand pumps etcn[1].iFurthermore, 

iin iall ienvironmental iquality iassessments, ithere iis iuncertainty ibecause iof ithe conflicting 

nature of the environmental risks associated with each ground water pollutanti[13]. Many studies 

have shown that developing country like India largely depends on the ground water sources for 

fulfilling its water needs. iIndia iuses irelatively i240 icubic ikilometers iof iground water iper 

iyear, iover ia iquarter iof ithe icomprehensive itotal.iMore ithan i85% iof idrinking iwater 

isupplies iand i60% iof iirrigated iagriculture ibank upon iground water i[14]. iRocks ibearing 

iminerals iwhich iis ione iof ithe imajor icauses iof iheavy imetal iepidemic iin iground water 

ithese irocks iare inatural iresources; ianthropogenic isources iinclude imining, iheavy imetals 

ialso icontain ifertilizer iand iextensive iuse iof ipesticides iin iagricultural ifields, iindustrial 

idrainage icontaining itoxic imetals, ias iwell ias imetal ichelates ifrom idifferent iindustries iand 

iexposure ifrom iservice ipipes[16].iIn iIndia iPonds, irivers, iand igroundwater iare imajor 

isources iof iwater iused ifor ithe iprivate iand iagriculture ipurposes iin iIndia i[6]. iIn imany 

ideveloping icountries ilike iIndia, iurbanization iand imechanization ihas iresulted iin imany 

iproblems, ione iof iwhich iis ienvironmental ipollution i[6, i7]. The imajor isource iof 

ienvironment ipollution iis iimproper iadministration iof isolid iwastes iand ieffluents. iDumping 

ithese itoxic iwastes iinto ilocal iwater ibodies iresults iin iaggregation iof itoxic iand ihazardous 

imetals iin ilocal igroundwater i[8]. iHeavy imetal iis ia igeneral icollective iterm iwhich iapplies 

ito ithe igroup iof imetals iand imetalloids iwith ian iatomic iquantity igreater ithan i4 ig/cm³. 

iHeavy imetals iin isubsurface ienvironments icome ifrom iinstinctive iand 
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ianthropogenicisources i[9]. iNatural isources iinclude iweathering iof iminerals iwhereas, 

ianthropogenic isources iinclude ifertilizers, iindustrial ieffluent, iand ileakage ifrom iservice 

ipipes[14]. iIndustrial iand iagricultural iactivities iare ithe imajor icontributors iof iepidemic. 

iOther ifactors iwhich imay iplaymajor irole iincludes ihigh idensity iof ibuildings iand 

icomprehensive iconstruction iof isubsurface idrainage isystems[19]. iPermissible ilimits ifor 

ithese iheavy imetals iin idrinking iwater igiven iby iIndian istandard iinstitution iand iWHO. 

iMany istudies iof iheavy imetal iepidemic iborrowed ifrom imining iactivities ihave ibeen 

iundertaken ifor irivers iand iground water iin iIndia i[17]. iIn iIndia, iherb imedicines iare 

ipopular iamong irural ipeople ias ithey iare ifreely iapplicable iand ihence ican ibe iused iby 

ianyone. iHeavy imetals itoxicity iin ibacterium, iaquatic ienvironments, iplant iand ianimals 

ihave ibeen irecognized ifor iold itime i[24]. iThe inatural iwater ianalysis ifor ithe idisclosure 

iof iheavy imetals iis ivery iimportant ifor ipublic ihealth istudies. Literature also depicts about 

the contamination due to heavy metals iandit was ifound ithe iabsorption iof iheavy imetals 

i(Nickel, iCadmium,iAluminium, iLead, iArsenic) iin idrinking iwater isamples iin ithese iEarth 

iResources iCommunities. iDue ito ithe iconflicting ihealth ieffects iof iheavy imetals i(Nickel, 

iCadmium, i iAluminium, iLead, iArsenic), idetection iof ieven itrace iamount iof ithese 

ielements iin i iany ienvironmental isamples ican icontribute ito ifuture iresearch ifor iexcluding 

ithese itoxic imetals ifrom ipolluted isamples i[13].At ipresent, imany imethods iare iadopted 

globally,and ithese imethod have iproven ito ibe iauthoritative iin iWater iQuality iAssociation, 

isuch ias istatistical ianalysis imethod i[15] i, ithe iwater ipollution iindex imethod, iprincipal 

icomponent ianalysis i, ientropy imethod i[16], igrey iclustering imethod iand iothers.iIn ithe 

isame imanner , ithe imethods iabove ihave itheir iown imerits iand idemerits, ibut ithese 

imethods iare iless iachievable iand ichallenging ito ipopularize iin ithe iregional iground water 

ipollution iassessment idue ito ichangeable iand ithe icomplicated ienvironmental 

iproblems.Heavy imetals iin iground water iare itoxic ieven iin ilow iconcentration. iHuman 

iactivities  iexpand ithe iconcentration iof iheavy imetal iin ienvironment[29]. iGroundwater ican 

ibe icontaminated naturally and human- causedi[27].iAccording ito iWorld Health Organization 

,iconsumption iof icontaminated iwater leads to around80% iofthe idiseases iand ideaths iin ithe 

ideveloping icountries. iDrinking iwater iwith ihigh iiconcentration iof iheavy imetals ihas ithe 

ipotential iof icausing icritical idiseases i[34]. iIn ithe iTribune ireport ipublished ion i7
th

 

iFebruary i2018, ireported ithat i88 ipercent iof ihabitations iaffected iby iheavy imetals iin 

igroundwater iof iIndia ibelongs ito iPunjab istate. i iAccording ito ithe idata icompiled iby ithe 
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iCentral iGroundiWater iBoard, ithe itotal inumber iof ivillages iaffected iby iheavy imetal 

ipestilence iis i2420 iin iIndia, iout iof iwhich i2139 ifall iin iPunjab i[38]. iIn iground water, the 

concentration of ifluoride ioccurs inaturally iand iprovide iprotection iagainst idental icaries 

iespecially iin ichildren. iNitrate iconcentration iabove i45 mg/l icausing inephrology i(blue 

ibabies) iwhile iHigh iconcentration iof isulfates icause idiarrhea iand iintestinal idisorders 

i[42].Elevated concentrationsof iIron iin inatural iwater iresources imay icause iharmful ihealth 

ieffects ilike icancer, idiabetes, iliver iand iheart idiseases. iOccurrence iof iArsenic iin idrinking 

iwater iis irelated ito iskin iproblems i[47]. iHeavy imetals iare inatural icomponent iof iearth‟s 

icrust iand iin igeneral iterm iapplies ito ithe igroup iof imetals iand imetalloid iwith iatomic 

idensity igreater ithan i4000 ikg/m
3
 ior i5 itimes imore ithan iwater. iDuring ithe iweathering iof 

irocks iand isediments ifollowediiby isubsequentiileaching iand irun-off arsenicgets iintroduced 

iinto isoil iand iaquifer isystem. iHeavy imetals iare inon-biodegradable iin inature iand iform 

istable icomplexes iand icause iiundesirable ieffects i[48].iThe ipresence iof ihazardous iheavy 

imetals iin iwater iusually iaffects iits ipotability. iThe itemporal iaquifers iof ithe istate ihave 

ibeen iannounced ito ihave ihigh iconcentration iof iAs iwhich ihas ibeen icorrelated ito icancer 

ifatality iin imany idistricts iof iSouthwest iPunjab i[16] idescribed iArsenic ivarying ifrom i3.5 

ito i688 img/l. iThey iclassified iArsenic istatus iof iground water ias ilow i(50 img/l). iFrom one 

such study , iit iwas foundithat igeochemical iconditions, isuch ias ipH, ioxidation-reduction ior 

icompeting iions, iand ievaporative ienvironments ihave isignificant ieffects ion iArsenic 

iconcentration iin iground water. iThese ivalues iare ishows ithat ihow imuch iis iconstrained ito 

ithe iaquifer imaterials ior ithe isolid ifragment iin iwater iand ihow imuch iArsenic iis idissolved 

ior iaccelerate iinto ithe iwater i[22]. 

The occupants of society have lost all regard and yielding for Mother Nature and water. iThe 

iperiod i2005-2015 iannouced as iworldwidedecade ifor iactivity ion i“water ifor ilife” ihad 

idemonstrated iby iUnited iNations i[2]. iIt ihas inot ionly ibeen iused ifor isupplying ipotable 

iwater ito iboth irural iand iurban iareas ibut ialso iessential ifor ieconomic, isprinkling, 

iadvancement, iand iprotection iof ienvironmental iand iecological ibalance i[2, i3]. iSome iof 

ithe iheavy imetals iwhich iare iused ias imicronutrients ibecome ipernicious ito ihuman ihealth 

idue ito iincrease iin iconcentration iof iheavy imetal iwhen itheir iconcentrations iexceeding ithe 

ipermissible ior idesirable ilimits iof idrinking iwater i[3]. iSolid iwastes iis imain ireason ifor 

iwater, iepidemic ioriginates ifrom ithe idemolition iof isolid iwastes ifrom idifferent ihuman 

iactivities, isuch ias iconstruction, iagriculture iand iindustry, iand ithe idemolition iof 
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idomesticithings iand iindustrial iwastewater iis ireleased iinto irivers ithrough ithe isewer 

isystemsi[3,4]..iQuality iof idrinking iwater iis anessential aspect ifor ihumanity. iUnfortunately, 

imorethan ione ibillion ipeople iall iover ithe iworld ido inot iget isafe idrinking iwater iand 

iamong,800 imillion ilive iin irural iareas i[5]. 

iUse iof ipesticides iand iother ichemical ifertilizers iare iconsidered ito ibe ia ifoundation itool 

ifor ithe isuccess iof iagricultural iindustry iin ithe ipresent iplanting ipractices. iPesticides iare 

igenerated iby ithe iexpansion iof iagriculture, iwhich iare imost idangerous iepidemics iof iour 

ienvironment. iAmong ivarious iheavy imetals ipresent iin ithe ienvironment, ihigh 

iconcentrations iof iarsenic iin igroundwater iin imany iplaces iis ia iworldwide iwell iknown 

isubstantial iproblem iin irecent iyears i[22].These heavy metals are notonly harmful and toxic 

but also have the property to bioaccumulate[24]. iThey ican itake ipart iin ivarious inatural, 

ichemical iand ibiological iprocesses. iMany iof ithese ipesticides i(effects iagricultural 

iactivities) iare icharacterized iby ia istrong ipersistence iit iexplains itheir iwide ipresence iin 

ithe idifferent iarea iof ithe ienvironment i[29]. iIn ithis icontext, ithese ipesticides ishould ibe 

ibanned iby ithe igovernment iand istrict iregulations ifor ithe icontrol iof ipesticide iresidues 

iconcentration. iPermissible iconcentration ifor ipesticides iis i0.1 iμgl-1 ifor ieach isingle 

isubstance i(including itheir iadjustability) iand i0.5 iμgl-1 ifor ithe isum iof ipesticides 

iaccording ito ithe iEuropean iUnion iof ithe iDeaf ion idrinking iwater iquality i. 

iVariouspesticides areused iin iIndia , out of which around i39%ibelong toallorganochlorine 

iclass iofchemical ipesticides i[15]. iOther imajor icategory iis iorganophosphate 

ipesticides.Once groundiwater is icontaminated, ianalyzing the iproblem and providing 

alternative water supplies can be quite expensive. Since the discovery in 1979 of aldicarb in 

Long Island groundwater, for example, more than $3 million has beenispentimeasuring ialdicarb 

iconcentrations in LongiIsland iwells[39]. Carbon filtration iunits have been iinstalled in imore 

than 2,500 affected householdsiand plans are ibeing made to ireplace individual iwells 

withiexpensiveicommunity waterisupplyisystems. These hugeiexpenses have helped to define 

and itreat theiproblem, yet have not icorrected the iunderlying groundwater icontamination[41]. 

Keeping of the view from the above discussion, our study was bases on the analysis of ground 

water samples from Patiala district of Punjab[25]. As such very limited studies have been 

reported for ground water management in Tier-II cities of India. Patiala is one the emerging and 
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top Tier-II city of Northern India. Patiala district along has been declared a potential business 

hub for agricultural activities which in future will lead to more deterioration of ground water due 

to influx of population, tourists etc. Hence, if no control measures not provided now, future 

management may become untenable [29]. Results will be submitted to the ground water 

department as well as municipal corporations so that an effective management and utilization of 

ground water can be set up for the future. 

 

1.3 Sources iof iGround water Contamination: 

1.3.1Landfill: Landfills are playing an essential part in our day to day life because it helps in  

collecting and disposing the waste material in condense locations which minimizes the risks 

associated to public health and safety but on the other hand they are also responsible for the 

contamination of ground water which is a long term threat to the human life [29]. This 

contamination takes place when precipitation and surface runoff occurs the chemicals can leach 

into the water which leads to the formation leachate. 

1.3.2 Improper Disposals of Hazardous Waste: Hazardous waste should always be disposed 

of properly, that is to say, by aiilicensed hazardous wasteihandler orithrough imunicipal 

hazardous wastei collectioniidays. Many chemicals shouldinot be disposed iof in household 

septic systems, includingioils (e.g., icooking,imotor), lawn and garden chemicals,ipaints and 

paintithinners, disinfectants, medicines, photographicichemicals, and swimmingipool 

chemicals [37]. 

1.3.3 Natural Sources:Some substances found naturally in rocks or soils, such as iron, 

manganese, arsenic, chlorides, fluorides, i sulfates, or radionuclides, can become dissolved in 

ground water. Other naturally ioccurring substances, such as decaying organic matter, can 

move in ground water as particles [39]. iWhether any of these substances iappears in ground 

water depends on local conditions.iSome substances may pose a health threat if consumed in 

excessive quantities; others may produce an undesirablei odor, taste, or color.i Ground water 

that contains unacceptablei concentrations of these substances is not used for drinking water 

or other domestic water uses unless it is treated to remove these contaminants [38]. 
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1.4 iImpacts iof iContaminated iground water: 

 

Diseases isuch ias ihepatitis iand iidysentery imay ibe icaused iby icontaminated iwater. 

iPoisoning iicaused iby itoxinsiithat ihave iileached iinto iwell iwater isupplies, idefiled 

igroundwater ialso ieffect iwildlife. iLong iiterm ieffects iisuch ias icertain itypes iof icancer 

imay ialso iresult ifrom iexposure ito ipolluted iwater i[40]. The consequencesi of contaminated 

ground water or degradedi surface wateri are often iserious. For example, estuaries that have 

beeni impacted by high nitrogen concentration from ground water sources have lost critical 

shellfish habitats. In terms of water supply, in some instances,i ground water contamination is 

soisevere that the waterisupply must beiabandoned as a source ofidrinking water. In other cases, 

the ground water can be cleaned up and used again, if theicontamination is not too severe and if 

the municipality is willing toispend a goodideal of money. Follow-upi water quality monitoringi 

is often required for manyiyears [39]. Because ground water generally moves slowly, 

contamination often remainsiundetected for long periods ofitime. This makes cleanup of a 

contaminated water supply difficult, if not impossible.  

1.5  GroundwateriScenario iof iPatiala: 

1.5.1 iHydrogeology: 

Patiala idistrict iis ioccupied iby iiIndo-Gangetic iplain iof iQuadripartite iage, 

iandcomeidowniinGhaggar iriver ibasin. iThe iigroundwater ipresent iwith ifine ito irough 

isand,which iformstheprospective iartesian ibasin. iIn ithe ishallow iwater ilevel i(up ito 

i50m)ground iwateroccursunder iunconfined/water itable iconditions, iwhere ias iin ideeper 

iaquifer,semi-confined/confined iconditions iexist i[18]. 

 
1.2.2 Water ilevel ibehavior: 

During ipre imonsoon iperiod ithe idepth ito iwater ilevel iranges ifrom i4.52 ito i21.62 im 

ibelow iground ilevel iand i7.10 ito i25.28 imeter ibelow iground ilevel iduring ipost imonsoon 

iperiod. iThe iseasonal imovement ivaries ifrom i0.04 ito i3.66 im iin ithe iarea idue ito irainfall. 

iNorm irainfall iis i0.60 im/year i[57]. 
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1.2.3 Ground water iflow: 

 

In iPatiala idistrict ithe ielevation iof ithe iwater itable ivaries ifrom i230 im ito i300 im 

iabovemean isea ilevel. iThe ihighest iupgrading iis iin ithe inorth ieastern ipart iand ithe ilowest 

iinthe isouth iwestbound ipart. iThe ihydraulic ibank, iin ithe isouth iwestern ipart, iit iis 

igentlewhereas iin ithe inorthern ieastern ipart iis iprecipitous. iGround water ioverall iflow iis 

ifromnortheast ito isouth-west idirection[[57]. 

 

1.5 Need ifor ithe iStudy: 

 Our study depends on the assessment of ground water from Patiala district of Punjab. It is 

observed that very limited studies have been done for ground water management in Tier –II 

cities of India. 

 Patiala is one the emerging and top Tier-II city of Northern India. Patiala district along has been 

declared a potential business hub for agricultural activities which in future will lead to more 

deterioration of ground water due to influx of population, tourists etc. Hence, if no control 

measures not provided now, future management may become untenable. 

  Study assesses the present ground water management strategies and helps identifying factors 

responsible for inefficient ground water management in the city and to suggest suitable 

remedial measures.  

 Results will be submitted to the ground water department as well as municipal corporations so 

that an effective management and utilization of ground water can be set up for the future. 

 

 

 

 

 

 

 

 



 

 

8 
 

I 

CHAPTER i2 

 iLITERATURE iREVIEW 

 

2.1 General: 

 
This ichapter idiscusses ithe ireviews irelated ito iliterature iboth iin iterms iof itheoretical iand 

iexperimental iresearch ion iheavy imetals iand ipesticides ipresent iin igroundwater. 

 

2.2 Review iof iLiterature: 

 

The iLiterature ireview ihelps ito iunderstanding iabout ieffects iof iheavy imetals iand ipesticides. 

 

2.2.1 iInternational iLevel iStudy: 

 

In iBaotou, iChina ifrom istudy iit iis ievaluated ithat ithere areihealtheffects causediduetto the 

presence iof iheavy imetals iin iground water i[1].Even in U.S. to idetermine ithe inon 

icarcinogenic iand icarcinogenic ieffects ion iresidents ior ipeople iof ithat iregion iwho iused 

iground water ifor idrinking, ia ihealth irisk iassessment imodel iderived ifrom ithe iU.S. 

iEnvironmental iProtection iAgency iwas iused i[3]. iIn isome iof iregion, idrinking iwater 

isources iwere ievaluated ifor iheavy imetals iand ipesticide ipollution. iStudy iwas iconducted ito 

iassess iquality iof idrinking iwater iwhich iis icontaminated idue ito ipresence iof iArsenic iand 

iother iheavy imetals iand iits iimpact ion ihealth iof ipeople ipresent iin ithat iarea ifrom iMailsi 

i(Punjab), iPakistan i[6]. iConcentrations iof iArsenic, i11 ito i828 iμg/l ithat iinterweave ilimit iof 

iWHO ipermissible ilimit. iConcentration iof iSO4
2- ifluctuating ifrom i247 ito i1053 img/l iwere 

iobserved. iIn iSargana isite ihealth irisk iindex iwas ihigher, iwhich iemployed iin iterm iHazard 

iQuotient, iand iCarcinogenic iRisk iof iarsenic. iFrom iresults ithe ilocal idifferences iin iamount 

iand ifrequency iof ipesticides iapplied, ipesticide ipollution iwas ifound ieverywhere i[5]. iStudy 

iwas icarried iout ito icheck ithe igroundwater ifor iirrigation ipurpose. iFrom ithe iresults ishowed 

ithat iSodium iand iCalcium iare ipredominant ications iwhile iChlorine iand iSulphate iare imain 

ianions. iStudy iwas iconducted ito ievaluate ithe ipesticide icontamination iof igroundwater iin 

ifour imajor iarea iof icotton igrowing iarea, iPakistan i[8]. iFour ipesticides iwhichiwere idetected 
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iin ithe iground water ii.e. ibifenthrin, icarbofuran, iendosulfan iand imonocrotophos idid inot 

iexceed ithe idrinking iwater icriteria iwhich iis iestablished iby iUnited iStates iPara-Equestrian 

iAssociation [51]. iStudy iwas icarried iout ito ivalidate iand ipredict iheavy imetals 

icontamination iin iseven iseparate isub-catchments iof ithe iLourens iriver, iSouth iAfrica, 

ithrough iwith ihelp iof igeographic information system irun ioff imodel i[8]. iA iStudy icarried 

iout iin iPhilippines ito imeasure iheavy imetals iand ipesticides icontamination iof iGW iunder 

irice icropping isystem. iNitrate iconcentrations iof igroundwater ivaried ifrom i0 ito i< i2 img/l 

iand ifrom isamples ionly ione isample iwas iabove ithe ipermissible ilimit iwhich iis iset iby 

iWHO ifor idrinking iwater i(10 img/l) i[10]. iDue ito ilarge ivolatilization ilosses iand ifast 

ichemical iand imicrobial idegradation iunder ianaerobic iconditions iin ithe itropics, iextract iof 

initrate iand ipesticide iinto ishallow iground water iunder irice imay ibe ilow. iHydro ichemical 

iprocesses iand igroundwater ihydrodynamics iin ia imultilayer iwater ilevel isystem. iThe 

ichemical iand iisotopic isignatures iindicated ithere i are idifferences iin ihydrogeological 

ipeculiarity iof iwater ilevel. iHydro ichemical iresults iestablish ithat iground water 

imineralization iis icontrolled iby inatural iand ianthropogenic iprocesses. iNatural iprocesses 

iincluding iwater-rock icooperation ii.e. idissolution iof ievaporated; ipyrite ioxidation iand iat 

ivariance idissolution iof idolomite i[7]. iAnother iassessment iof igroundwater iwas idone iin ian 

iindustrial icity iof iSialkot iin iPakistan. iContamination iof igroundwater idue ito iheavy imetals 

ihave ireceived igreat iamount iof iattention ieven iat iglobal ilevel idue ito itoxicological 

icollaboration iin iecosystems iand iits iimpact ion ipublic ihealth i[54]. iIn ithis istudy i25 

isamples iwere itaken ifrom idifferent iplaces ifrom ithe icity iof iindustries iof iSialkot i,Pakistan 

ito idetermine ithe iground water iquality i[19].There iwere i22 iphysio-chemical iparameters 

iincluding ipotiential of hydrogen i,iEC, TDS,Heavy imetal itest i, ietc. iAnd ithe iresults iof ithese 

itests iwere icompared iwith istandard iguidelines iof iWHO iand iPakistan iStandard iQuality 

iControl iAuthority ifor iground water iquality i[25] i.The iresults irevealed ithat ithe iground 

water iof i ithe iSialkot iarea iis ihighly iturbid iwith ivery ihigh ilevel iof iZinc, iIron iand 

iLead,which iwere iabove iWHO iand iiPakistan iStandard iQuality iControl iAuthority 

ipermissible ilimits i[13].Study ion iassessment iof iground water iquality iin ia itypical irural 

isettlement iin isouthwest iNigeria. iDifferent iphysical iand ichemical iparameters iwere 

idetermined iupto i200 im ifrom ithe isource iof ipollution i[16].In imost icases iLead iand 

iCadmium iexceeded ithe ipermissible ilimit iof iWHO. iDifferent iwater isamples iwere itaken 

iout iof iwhich ithe iquality iof iwell iwater isamples iwere inot ifound isuitable ifor 
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ihumaniconsumption iwithout isome itreatment i[17].Study ion ithe iassessment iof iground water 

iquality inear ia imunicipal ilandfilling. iDifferent iphysical iand ichemical iparameters iwere 

idetermined. iThese iparameters iindicated itraceable ipollution.But ithese iwere ibelow iWHO 

ilimits. iThe ipH iranged ifrom i5.8 ito i6.7 iwhich iindicated itoxic ipollution, iturbidity ivalues 

iwere ibetween i1.6 ito i6.5 iNTU iand itemperature iranged ifrom i26.5 ito i27.5C i.For iheavy 

imetals iZinc iranged ibetween i0.3mg/L iand iLead iranged ifrom i1.1 ito i1.3mg/L is given by 

WHO [14]. 

 

2.2.2 National iLevel iStudy: 

Studied iwas icarried iout ion, i“Assessment iof iWater iQuality iIndex ifor ithe iground water iin 

iTumkur, iKarnataka iState i(India)”. iIn ithis istudy ithey iwere icalculate iWQI ifor i12 

iparameters iand iband iWQI ifor ithose i259 isamples iranges ifrom i89.21 ito i661.56 k/sn 

i[20]. iQuality iof imany iwater iwere ipoor; ithe ianalysis ishows ithat iground water iof ithat 

iarea ineed itreatment ibefore iusing iwater iof iarea i[53]. iIt iis iconsidered ithat ilevel iof 

iArsenic  iwas ihigh iby iwhich iepidemic iand iassessed ihealth irelated iproblem iand iother 

ielements iin idrinking iwater, ivegetables iand iother ifood icomponents iin itwo iblocks ifrom 

iSamastipur idistrict, iBihar, iIndia i[34].iGroundwater i(79%) isamples iexceeded iWHO ilimits 

i(10 iμg/l) iof iArsenic iwhile iManganese ialso iexceeded ithe iprevious iWHO ilimit iof i400 i 

iμg/l iin i30% isamples. Health Risk Index were i> i1 ifor iArsenic iin idrinking iwater, irice iand 

ivegetables, ifor iManganese iin idrinking iwater, irice iand iwheat, ivegetables, ifor iLead iin 

irice iand iwheat iindicated ithe ihealth irisk ito ilocal ipopulation ior isocietyi[55]. iPollution 

iassessment iindices iand ichemometric itechniques iwere iapplied ito idetermine ithe iintensity 

iand isource iof ipollution iin ithe iSirsa iRiver, iHimachal iPradesh, iIndia. iFrom iresults iit 

ishows ithat iEC, iCromium, iIron, iManganese, iand iNickel iwere iabove ithe ipermissible ilimit 

iset iby ithe iBureau iof iIndian iStandards i[40]. iPrincipal icomponent ianalysis iat ithe isame 

itime icluster ianalysis iwas iused ito iidentify ithe imain ifactors iresponsible ifor ibeing ideraded 

iof iwater iquality, inamely idischarge iof iindustrial iliquid iwaste, iriver ibed imining, 

iagricultural irunoff, iand iminor inatural ior iinput. iA istudy iwas icarried iout ion ievaluation 

iof iseasonal ivariation iin igroundwater isuitability iand iits iquality ifor iirrigation ipurpose iin 

iselected iblocks iof iRupnagar iDistrict, iPunjab, iIndia i[56]. iAnalytical iresults ishow ithat iin 

idifferent isamples iproportion iof isalt iwas iabove ithe idesirable ilimit iwhich iprescribed iby 

iBureau iof iIndian iStandard. iIn ithe istudy iarea idepth ito iwater ilevel iranges ifrom i5 ito 
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i40imeter below ground level, iwhereas, iChamkaur iSahib iand iMorinda iBlocks ifall iin ithe 

iover-utilization icategory iwith igroundwater idevelopment ibeing imore ithan i100%[50] 

i.Assessment iof iground water iquality iwas icarried iout iusing iWQI iThirumanimuttar isub-

basin, iTamil iNadu, iIndia i[28]. iPre-monsoon isamples idisplayed ipoor iquality iin 

igreaterpercentage iwhen iit icompared iwith i post-monsoon idue ito icompetent ileaching iof 

iions,overiill treatment iof iground water, idirect idischarge iof idrainage iand iagricultural 

iimpact. iAstudy icarried iout ion, i„Analysis iof iGround iWater iQuality iparameters.‟ iFor 

icalculatingcondtion iof iwater iquality iof iIndore, ithey iwere iused iWQI iand istatistical 

ievaluation.Twenty iseven iparameters iwere iconsidered ilike ipotential of hydrogen, iColor, 

ichloridecontent, iTDS, iEC, iTotal Hardness, iCalcium, iTotal iAlkalinity, iAcidity ietc iand 

iresultswhich iare iobtained icompared iwith iIS: i10500-2012. iThey isuggest ithat ithe iaudits 

iofwater iquality ishould ibe iseasonally i done i[35]. iStudied ion, i„Ground water iquality iand 

iitssuitability ifor idrinking iand iirrigational iuse iin ithe iSouthern iTiruchirapalli idistrict, 

iTamilNadu, iIndia.In ithis istudy ithere iwas i20 iground water isamples iwere itaken ifrom idug 

iandbore iwells. iThe ifollowing iparameters iwere ianalyzed: ipH, iEC, iTDS, i 

iCalcium,Magnesium, iSodium, iPotassium, iBicarbonate, iCarbonate, iSulphate, iChloride, 

iNitrate, iandFluoride i[39]. iChemical ianalysis iindicates ithat ithe iground water iwas islightly 

ialkaline iandsome isamples iwere isuitable iand isome iof ithem iunsuitable ifor idrinking. 

iAccording itotheirstudy ithey ifound ithat iby ievaporation idominance iand irock iwater 

iinteractiondominance,ithe iwater iquality iof istudy iarea ihas ibeen ialternated. iStudied ion, 

i“Physicochemical ianalysis iof idrinking iwater isamples iof icontrasting iplaces iin iKadegaon 

iTahsil,Maharashtra i(India)” iTwo idifferent iscenarios iwere icompared iin ithis istudy ilike 

ibore iwellwater iand iwell iwater i[42]. iAssessment iof iground iwater iquality iwas ialso 

icarried iout iinBhalswa ilandfill isite iin iDelhi. iIt iwas icarried iout iby iusing ia 

ihydrochemical iapproach[47] i. iResults iwere icompared ito ithe istandard ivalues iwhich i 

iindicated ithat initrate,fluoride iand iheavy imetal ipollution iare iin ian ialarming istate i ias iit 

iis iunsafe ito iuseground water ifor idrinking ipurposes.Study ion iassessment iof iground iwater 

iquality iand i health iproblems iassociated iwith iRanchi icity, iJharkhand iwas idone i. iIn ithis 

istudysampling iwas idone iand iabout i44 isamples iwere itaken ifrom idifferent iplaces iin 

imonsoonseason.The iarea iwas idivided iinto irural i, isemiurban, iurban iand icommercial 

izones.Physical iand iChemical iparameter iwere icalculated iand iheavy imetal itesting iwas 

ialsodone.It iwas iconcluded ithat ionly i9% iout iof ithe i44 isampling ilocations ihave igood 
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iwaterquality[34] i. iIt iwas idetermined ithat idue ito ithe ipresence iof iarsenic iand iselenium 

ias ihevy imetals inoncarcinogenic ieffect iis ione iof ithe ihealth irisks iin ithat iarea. 

 

2.3 iSummary iof iLiterature iReview: 

From iStudy iwas iconducted ito iassess iquality iof idrinking iwater iwhich iis icontaminateddue 

ito ipresence iof iArsenic iand iother iheavy imetals iand iits iimpact ion ihealth iof 

ipeoplepresent iin ithat iarea ifrom iMailsi i(Punjab), iPakistan. iConcentrations iof iArsenic, i11 

ito i828μg/ il ithat icrossed ilimit iof iWHO ipermissible ilimit. iConcentration iof iSO4
2- iranging 

ifrom247 ito i1053 img/l iwere iobserved. iPollution iassessment iindices iand 

ichemometrictechniques iwere iapplied ito idetermine ithe iintensity iand isource iof ipollution 

iin ithe iSirsaRiver, iHimachal iPradesh, iIndia. iFrom iresults iit ishows ithat iEC, iCromium, 

iIron,Manganese, iand iNickel iwere iabove ithe ipermissible ilimit iset iby ithe iBureau i iof 

iIndianStandards i. iPrincipal icomponent ianalysis iat ithe isame itime icluster ianalysis iwas 

iused itoidentify ithe imain ifactors iresponsible ifor ibeing ideraded iof iwater iquality, 

inamelydischarge iof iindustrial iliquid iwaste, iriver ibed imining, iagricultural irunoff, iand 

iminornatural ior iinput. iA istudy iwas icarried iout ion ievaluation iof iseasonal ivariation iin 

iground water isuitability iand iits iquality ifor iirrigation ipurpose iin iselected iblocks iof 

iRupnagarDistrict, iPunjab, iIndia. 

 

2.3 i iObjectives iof ithe iStudy: 

 

 To assess the ground water pollution levels in ground water samples in parts of Patiala        

          district . i 

 To estimate the heavy metal pollution in ground water samples in parts of Patiala district. 

 To assess the pesticide pollution in ground water samples in parts of Patiala district.  

 

 To suggest suitable management practices to control further degradation of study area. 
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2.5  iCURRENT iPRACTICES: 

2.5.1 Manage ichemical iwaste: i 

Harmful ichemicals iare ieverywhere.Unfortunately, they iultimately end up in iwater ibodies or 

seep into thei ground and imix with the iground wateri[35].The story is isame when it icomes to 

effluents idicharged byi industries. 

2.5.2 Manage ihousehold iwaste: 

iBe ismart iwhile idisposing iof iyour ihousehold iwaste. iWhen iit icomes ito ibiodegradable 

iwaste, iinstead iof idisposing iof iit i(which icould iend iup icontaminating ia iground iwater 

isource), iturn iinto imanure iand iyou ican iuse ito igrow iplants i[19]. 

2.5.3 Avoid ior ireduce ipesticide iusage: i 

Everyone iknows ihow itoxic ipesticides iare, iand inothing igood ican icome iout iof 

ipesticidesmixing iwith iground iwater.When iusing any ipesticide iproduct, follow ilabel 

idirections to minimize its ienvironmental iimpact.Mixing iareas should be over aniimpervious 

isurface to prevent a ispill from soaking into iunprotected soil.Measure iconcentrated ipesticides 

carefullly [20].
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CHAPTER i3 i 

MATERIALS iAND iMETHOD 

3.1 iGeneral: 

This itopic idescribes ithe iheavy imetals iand ipesticides iin iparts iof iPatiala icity iincluding 

ithestudy iof isources iofground wateriand ipesticides. 

3.2 iDescription iof iStudy iArea-Patiala: 
 

The idistrict iPatiala iis ilay iat isouth-eastern iwedge iof ithe iland. iDistrict iPatiala iliesbetween 

i29°49‟ iand i30°47‟ inorth iparallel, i75°58‟ iand i76°54‟ ieast iangular idistance. iThearea iof 

iPatiala idistrict iconsists iof iIndoi-Gangetic itidal iplain iand ithree itypes iof izone,namely ithe 

itableland iplain, ithe imanifestediFoothillPlain iand ithe idelta iplain iof itheGhaggar iRiver 

[27]. iIn iPatiala idistrict, ithere iare ifive itehsils, ieight iblocks,oone thousand eighty four 

ivillages iin ithe idistrict i[28]. iIn iPatiala, irural iareas imostly iuses the itube iwell or  bore well 

iforfulfillingidrinking iandother needs.The istudy iarea iis idetermined iby ithe irainyseason 

ioccurring iduring ithe iSouth iWest iMonsoon i(July ito iSeptember). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

   

Figure i3.2.1 i(a) iLocation iof iPunjab iin iIndia i(b) iLocation iof iPatiala icity i 
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Population iof iagricultural iarea iof iPatiala idistrict iessentially iuses ibore iwell ias ithe 

ioriginof iwater ifor idrinking iand isprinkling ipurposes. iApart ifrom ithis, ithe iPatiala idistrict 

ihas iaconvolute idrainage isystem iconsisting iof icanals and irivers. iGhaggar iriver iis ithe 

imostimportant ichannel iof ithe idistrict [37]. It iis ia iseasonal istream, iso it is idry iduring 

imost ipart iofthe iyear i[37]. iHowever, iduring ithe irainy isession, iit ioftenleads toifloodingof 

the inearbyvillages, icausing idestruction ito icrops iand iat itimes ito ihouses iand ihuman ilives. 

iAnumberiof isupporting istream ijoin ithe iGhaggar iRiver, ithe imost iimportant iones ibeing 

ithePatiala-Wali-Nadi i[29]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2.2 Step wise flow chart of methodology 

3.3 iField iInvestigation iand iSample iCollection: 

Field isurvey iwas icarried iout ito icollect ipreliminary ibaseline idata ipertaining ito iwater 

iresources. iBasic iinformation iregarding isources iof iwater ipollution, ihand ipumps iand 

irelevant idata iwere ialso ipossessed ifrom idifferent igovernment iand inon 

igovernmentiorganizations.i 

The iground water isamples i(tube iwells) iwere icollected ifrom ivarious isites iwithin 
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iregioniofPatiala. iThe source of samples were idriven iat ileast i3-4 iminutes ipreceding ito 

isample icollection iinorder ito iget ifresh iground water. iThe idrinking iwater isample iwas 

iassembled iin ipre-washedglass ijar i/ ibottle. iThe ibottle iwas istored iat i4°Ctill the analysis is 

completed. 

 

 

 i i i i i i i i i i i i i i i i i i i 

 

 

 

FIGURE i3.3.1 i(a) iand i(b) icollection iof iground iwater isamples 
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FIGURE i3.3.1 i(a) iand i(b) icollection iof iground iwater isamples 
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FIGURE i3.3.2 i(a), i(b), i(c) iGroundwater iSamples ilocation 
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CHAPTER i4 i 

RESULTS iAND iDISSCUSSION 

 

4.1 General: iThis ichapter iincludes iresults iof igroundwater isamples iof ipost imonsoon 

iand ipre imonsoon. iResults iare ishown ibelow iin iform iof igraph iand itable.I 

 

4.2 i Results of IiParameters: 

Under imentioned iparameters iare ianalyzed: ipH, iTotal iDissolved iSolids,Electronic 

iConductivity, iTurbidity, iTotal iAlkalinity, iChloride iContent ietc. 

 
 pH: iThe ipH ivalue iis ithe i–ve ilog iof ihydrogen iion iconcentration. iThe ihydrogen 

iion iabsorption iusually iranges ifrom izero ito ifourteen. ipH ivalue iis imeasured iby ipH 

imeter. iThe ilimit iof ipH ivalue ifor idrinking iwater iis i6.5 ito i8.5 i[38]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.1 pH meter 

 

 

In this table, it consists   values of pH  (Patiala) which are between 6.5 – 8.5 .It means 

samples are suitable for drinking purpose.Values of pH (Nabha) region and no value is above 

the permissible limits.Values of pH (Rajpura), which is less than permissible limits .Water 
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with acidic pH can indirectly affect your health. 

 

Table i4.2.1 iValues iof ipH i(Patiala, Nabha, Rajpura) 

 

  

 

Patiala 
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Rajpura 
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pH 

 

 

 

Sampling 1 

 
 

 

Sampling 2 

 
 

 

Sampling 1 

 
 

 

Sampling 2 

 
 

 

Sampling 1 
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Site 1 
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Figure 4.2.2 Avg. Value of pH 

 

 Turbidity: iParticles iwhich iare iisuspended iin iwater iinterfering iwith iroute iof ilight iis 

iknown ias iturbidity. iTurbidity iis idue ito ithe ipresence iof idifferent itypes iof iisuspended 

iparticles. i1 iNTU iand ipermissible ilimit iis i5 iNTU iis iacceptable ilimits i[26]. 
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Figure 4.2.3Values of Turbidity (a) Patiala, (b) Nabha, (c) Rajpura 

 

 

 Chloride Content: iChloride iconstitutes iapproximately i0.05% iof iearth‟s icrust. iChloride 

iconcentration ipermissible or desirable ilimit iis i250 img/l. iChloride iions icome iinto 

isolution iin iwater iin iunderground iaquifers, icontain ground water i[41]. 

 

 

 

 
(b) 

 

 
(c) 

0

1

2

3

4

5

6

1 2 3 4 5

Turbidity (Nabha

Sampling 1 (NTU)

Sampling 2 (NTU)

Permissible limit (NTU)

0

1

2

3

4

5

6

1 2 3 4 5

Turbidity (Rajpura)

Sampling 1 (NTU)

Sampling 2 (NTU)

Permissible limit (NTU)



 

 

22 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.4Values of Chloride Content (a) Patiala, (b) Nabha, (c) Rajpura 
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Figure 4.2.5End point of chloride content 

 

 EC: iiEC iis ia inumerical ivalue. iIt iiscapability iof ian iaqueous isolution ito itake iaway 

ithe icurrent. iEC iis imeasured iby ian iinstrument icalled ielectrical iconductivity imeter. iThe 

iinstrument iis istandardized iwith ithe ihelp iof istd. iPotassium iChloride isolutioni. iSalination 

iis ian iindication iof ithe iconcentration iof idissolved isalts iin isurface iwater. iThe ilevel iof 

isalinity iin isurface iwater iis iessential ito iaquatic iplants iand ianimals ias ispecies ican 

isurvive ionly iwithin icertain isalinity iranges i[39]. iSalinity iis imeasured iby icomparing ithe 

idissolved isolids iin ia iwater isample iwith ia istandardized isolution. iEvaporation iof iwater 

ifrom ithe ilake iand iponds ithen ileads ito itheiiconcentration iof isalt iwithin ithe isystem. iIn 

idry iperiods, iwill ilead ito iincreasing ithe isalinity iand iconductivity ivalue i[40] i. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.6EC instrument 
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Figure 4.2.7Values of EC (a) Patiala, (b) Nabha, (c) Rajpura 
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 Total iDissolved iSolid: iA idifferent ikind iof iminerals iwhich iis ipresent iin iwater iis 

idenoted iby i iTDS. iTDS iis idirectly iassociated iwith ithe ipurity iof iwater iand ialso ithe 

iquality iofiwater i[20]. iAnd iwe ican isay ithe isum iof ithe ications iand ianions 

iconcentration iis iequal ito iTDS. iAcceptable ilimit iis i500 img/l iand ipermissible ilimit iis 

i2000 img/l ias iper iIS i:10500-2012. 
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Figure 4.2.8Values of TDS (a) Patiala, (b) Nabha, (c) Rajpura  

 

 

 \ Total iAlkalinity: iAlkalinity icould ibe ia ichemical iactivity iof iwater‟s iability ito 

ineutralize iacid. iHydroxide, icarbonate iand iibicarbonate iare imajor iielements icaused ithe 

ilarge ipart iof ithe iialkalinity iin iwater. iIn ipotable iwater i120 img/l iis ithe iacceptable 

ilimit iof ialkalinity i[27]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.9End point of alkalinity 
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Figure 4.2.10Values of alkalinity (a) Patiala, (b) Nabha, (c) Rajpura 
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The table 4.2.2 consists values of D.O. (Patiala) and these values within permissible limits . 

Adequately D.O. is necessary for good water quality. If value of D.O. drops below 5.0 mg/l 

aquatic life is put under stress. 

 

Table i4.2.2 iValues iof iD.O. i(Patiala, Nabha, Rajpura) 

 

  

 

Patiala 

 

 

Nabha 

 

 

Rajpura 

 

Permissible 

Limits 

 

 

D.O. 

 

 

Sampling 1 

 
 

Sampling 2 

 
 

Sampling 1 

 
 

Sampling 2 

 
 

Sampling 1 

 
 

Sampling 2 

 

 

 

Site 1 

 
 

7.60 

 

 
7.72 

 

 

6.90 

 

 

7.01 

 

 

7.78 

 

 

7.34 

 

 

6.5 – 8 

 
 

Site2 

 

 

6.86 

 

 

 

6.79 
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Site 3 

 

 

6.92 

 

 

6.89 

 

 

7.77 

 

 

7.78 

 

 

6.92 

 

 

6.86 

 

 

6.5 – 8 

 
 

Site 4 

 

 

6.56 

 

 

6.60 

 

 

6.87 

 

 

6.92 

 

 

6.77 

 

 

6.72 

 

 

6.5 – 8 

 
 

Site 5 

 

 

6.93 

 

 

6.99 

 

 

6.50 

 

 

6.54 

 

 

7.37 

 

 

7.28 

 

 

6.5 – 8 

 

 

 

 

 

 



 

 

29 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.11Avg. Value of D.O. 

 

 

 

  

 

Figure i4.2.12 iD.O. iinstrument 
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4.3 Results iof iHeavy iMetals iand iPesticides: 

 
 Arsenic: Permissible and desirable level as defined by Bureau of Indian Standard (2012)for 

maximum cocentration of arsenic in safe drinking water is 0.01 mg/l and 0.05 mg/l. Initheistudy 

area, arseniciconcentrationiin ground wateriranged from 0.001 to 0.087 mg/l.iOne ground water 

sample havingimaximumivaluei(0.087 mg/l) was observed from Nabha. Consideringi 

theigeology of the area, it is possible that arsenic in the groundiwateriowes its origin to the 

sediments brought down from the Himalayasiby thei floods ini river Sutlej.iSoianother the 

reasonfor the ipresence of iarsenic in the iaquifers could be the use of iarsenical pesticides by the 

farmers. Figure 4.3.1shows the idistribution of arsenic in igroundwater. 
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Figure 4.3.1Arsenic in ground water (a) Patiala, (b) Nabha, (c) Rajpura 

 

 

Nickel: Nickel contenti in groundiwater rangediibetween 0.01 to 0.359 mg/l with an iaverage 

ivalue of 0.170 mg/l. The iprescribedi limit of inickel in idrinking water ias per iBureau of Indian 

Standard (2012) is i0.01 mg/l. Maximum iconcentration of inickel (0.359 mg/l) was iobtained. 

Out of the total 15 isamples ianalyzed, isix samples icrossed the standard limit of 0.01 mg/l 

which may be due to iweathering of inickel bearing iminerals, leaching of iuntreated iindustrial 

ieffluent and idomestic isewage. Figure 4.3.2 shows the idistribution of inickel in ground water. 
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Figure 4.3.2Nickel in ground water (a) Patiala, (b) Nabha, (c) Rajpura 
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Lead: Leadiconcentrationiiniground waterirangedifrom 0.003 mg/l to 0.12mg/l with aniaverage 

value 0.028 mg/l (Figure 4.3.3). Permissible ilimit given byBureau ofi Indian Standard  (2012) for 

lead in idrinking iwater is 0.01mg/l. There iare elevan isamples which have exceeded the desirable 

limit of 0.01 mg/l. It iis quite clear from the results thatiground water is not isuitable for idrinking 

purposes idue to the ipresence of highi concentrations of lead. It is toxic in iboth acute and ichronic 

exposures. iExcessive amount of lead in drinking iwater leads to iburning in mouth, isevere 

inflammationof gastro-intestinal itract with vomiting and idiarrhoea, chronic itoxicity producesi 

nausea, severe abdominali pain, paralysis, mentali confusion, visual disturbances, anaemia. 
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Figure 4.3.3 Lead in ground water (a) Patiala, (b) Nabha, (c) Rajpura 

 

 

Atrazine: Atrazine Iis a Iherbicide of the itriazine class. It is used to iprevent ipre-emergence 

ibroadleaf iweeds inicrops such asimaize (corn) andisugarcane and oniturf,isuchiasigolf courses 

andiresidential lawns.iAtrazine's primaryimanufacturer isiSyngenta and it isione of theimost 

widelyiusediherbicide iniUnited State. In our study, highest levels of contamination are in 

Patiala and Rajpura where it is widely used in corn fields. Concentratrions typically spike 

during spring as rains flush the freshly applied herbicide into ground water. 
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Figure 4.3.4 Atrazine in ground water (a) Patiala, (b) Nabha, (c) Rajpura 

 

 

Methyl Paraoxon: It is an iorganophosphate icompound. Methyl iparaoxon is a imetabolite of 

the iwidelyused iinsecticide iparathion; iparaoxon is ihighly toxic iand ipoisonous to ihumans 

and iother ianimals. The compoundi acts as an iacetylcholinesterase iinhibitor, icausing 

accumulation iof iacetylcholine at nerve iendings in the iperipheral or central inervous system. In 

the groundwater samples from the study area, methyl paraoxoni ranged from 0.18 to 0.77 mg/l 

with an iaverage value of 0.40 mg/l. It is found more than the limit in study areas, due to its 

widespread use in agriculture, occupational exposure in humans often occurs via inhalation. 
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Figure 4.3.5 Methyl Paraoxon in ground water (a) Patiala, (b) Nabha, (c) Rajpura 

 

 
(a) 

 

 
(b) 

 

 
(c) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 2 3 4 5

Methyl Paraoxon (Patiala)

Sampling 1 (mg/l)

Sampling 2 (mg/l)

Permissible limit (mg/l)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 2 3 4 5

Methyl Paraoxon (Nabha)

Sampling 1 (mg/l)

Sampling 2 (mg/l)

Permissible limit (mg/l)

0

0.1

0.2

0.3

0.4

0.5

0.6

1 2 3 4 5

Methyl Paraoxon (Rajpura)

Sampling 1 (mg/l)

Sampling 2 (mg/l)

Permissible limit (mg/l)



 

 

37 
 

Phorate Sulfone: It is an iorganophosphate ipesticide. Distribution of iphorate isulfone is given 

in ifigure 4.6. The iacceptable ilimit for the iinsecticide is 2 μg/l for idrinking water (Bureau of 

Indian Standard 2012).The iconcentration of iphorate sulfone in igroundwater isamples iranged 

from 0.20 to1.80 mg/l iwith an iaverage value of i0.75  mg/l . Like itsi otherorganophosphate 

icounterparts this icompound also icauses icholinesterase iinhibition iinhumans; ithat is, iit over 

istimulates the inervous system icausing inausea, idizziness and atvery high iexposures (e.g., 

accidents or major spills), irespiratory iparalysis and death. 
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Figure 4.3.6 Phorate Sulfone in ground water (a) Patiala, (b) Nabha, (c) Rajpura 
 

 

 4.4 DISCUSSION: 

Higher iconcentration iof iNickel imay icause idifferent idiseases ilike, ivomiting, 

inausea,abdominal idiscomfort, iheadache, icough iand ishortness iof ibreath according to 

iWorld Health Organization. The imainsource iof inickel iin idrinking-water iis i1)leaching 

ifrommetals iin icontact iwith idrinking-water, isuch ias ipipes iand ifittings. iNickel iis 

iusedmainly iin ithe iproduction iof istainlesssteels, inon-ferrous ialloys, iand isuper 

iialloys.2)Use iof inickel iand inickel isalts iinelectroplating, ias icatalysts, iin inickel–

cadmiumbatteries, iin icoins iand iin icertainpigments. 

Many istudies iidentified ithe inervous isystem ias ithe imost isensitive itarget 

iofiialuminumtoxicity iand imajor iresearch ion ianimals ifocused ion ineurotoxicity iand 

ineuro-advancedtoxicity. iA inumber iof istudies ihave ifound iweak iiassociations ibetween 

ian iincreased iriskof iAlzheimer‟s idisease iand ipeople iresiding iin ielevated ialuminium 

ilevels iin idrinkingwater; iother istudies ihave inot ifound isignificant iassociations. 

iAluminium iis ialso iknownto iaffect igene iexpression ibyiialtering ithe iexpression iof 

icerebral iproteases ileading itocell ideath. iThere iareiievidences ithat iAluminium iis 

ineurotoxic, iboth iin ihumans iaswell ias iin iexperimental ianimals i. 

There iis inot iany imajor iindustry ifound iin ithe idistrict iPatiala ithat imay icause 

ianincrease iin ithe iconcentration iof iAluminium iand iNickel iin igroundwater. iThe 

igreaterpart iof ithe iisoluble iconstituents iin igroundwater icomes ifrom isoluble iiminerals 

 
(c) 

0

0.5

1

1.5

2

2.5

1 2 3 4 5

Phorate sulfone (Rajpura)

Sampling 1 (mg/l)

Sampling 2 (mg/l)

Permissible limit (mg/l)



 

 

39 
 

iinisoilsand isedimentary irocks. iSolid iwaste idisposal isitesand idomestic iirefuse 

ihavetheiipotential ito irelease ilarge iamount iof iihazardous iand ideleterious 

iichemicals.Therefore, isolid iwaste iand idomestic irefuse iis ione iof ithe imajor icauses 

iofenvironmental iproblems iin iPatiala. iCadmium iis ia inon-essential iheavy imetal 

ipresent iinthe ienvironment iat ilow ilevels. iThe imetal iaccumulates iin imany iorgans, 

isuch ias iliverand ikidneys i. iThis istudy iprovides ia ipreliminary idata ifor ithe 

idevelopment iof iaframework ifor isustainable igroundwater idevelopment iand 

imanagement iin ithe iarea.Moreover, ican ibe iiinstructional ifor iother idistricts iof iPunjab, 

iIndia, ilike iLudhiana iandJallandhar, iwhere imaximum idyeingiiindustry iis ipresent, ito 

iunderstand ithe ipotentialthreats ito igroundwater iresources. iSurface iwater iis ivery 

icontaminated ibecause iallwastes iof iihousehold, iindustries, idrainage iwaste imerged iinto 

iriver. According to above  results atrazine , methyl paraoxon and  phorate sulfone are found 

above the permissible limits due to the excessive use of pesticides in the parts of Patiala 

district . Atrazine could be responsible for causing various health problems such as endocrine 

disruption , reproductive effects and cancer . There are many ways for growing food without 

relying only on atrazine. In many countries such as Germany and Italy use of atrazine is 

banned . Methyl Paraoxon exposure to very high levels for a short period of time in air or 

water may cause numberless problems such as loss of consciousness , dizziness , confusion , 

headaches , difficult breathing , chest tightness , diarrhea . It is also responsible for causing 

mental related issues as it some times damages nerve system as well. Phorate Sulfone is 

another type of chemical which is present above the permissible limits. It is used against 

leafhoppers , leafminers , mites , some nematodes and rootworms. But overuse of this 

pesticide can cause various health issues such as nausea , dizziness , respiratory paralysis and 

even death at high exposure. 

I 

 

 

 

 

 

 

 



 

 

40 
 

CHAPTER5 i 

CONCLUSION iAND iRECOMMENDATIONS 

5.1 iGeneral: 

The ichapter idiscusses ithe isummary iand iconclusions idrawn ifrom ithe istudy iconducted 

itofulfill ithe iobjectives iof ithe istudy. iThe istudy iof iobjectives iis idone ieffectively iusing 

itheinformation, idata iand isatellite iimages iwhich iis ieasily iand ifreely iaccessible iwith ithe 

ihelpof iGoogle iEarth iPro ifrom ithe iinternet. 

5.2 iConclusions: 

The concluding part of this report is that Patiala district has been experiencing rapid industrial 

development along with urabanization which is leading to unprecedented changes in the land use 

patterns. These activities are responsible for the deterioration of the ground water quality 

because of unplanned dumping of wastes and some agricultural activities. Thisireport ipresents 

ithe iheavy imetals and pesticides iconcentrations iin iground water isamples iin 

iPatialaidistrict.In few samples, concentrations of iLead iand iNickelwere ifound iabove ithe 

iguidelines ifor idrinking iwaters iset iby ithe iWHO. iFurther iresearch ion ithe idrinking iwater 

iis iundergoing iin iother iicommunities iin ithis iregion ias ilevels iof icontaminants imay ivary 

idue ito idifferent isoil itypes, iwater ichemistry, iand idifferent ihuman iactivities.No 

icorrelations iwere ifound ibetween imetal iconcentrations iin ithe idrinking iwater isamples. 

iKeeping iin iview iof ithe iunusually ihigh iconcentrations iof iNickel iand iLead, iit iis 

iadvisable ito itest ithe iportability iof ithe igroundwater iof ithe iarea ibefore iusing iit 

iforidrinking. iSurface iwater iquality iis iidependent ion ithe itype iof ithe ipollutant.iAnd iit iis 

ialso idepend ion ithe inature iof imineral ifound iat ispecific ispace iof isubmersible. iThe 

ipresent ireview ipaper iundertaken ito ifetch ian iawareness iamong ithose iwho ilives iclose ito 

ithe iisubstation iof iwaste icollection. iThe iindividual, ithe icommunity iand iMunicipal 

iCorporation iwill ifacilitate ito ireduce isubmersible iwater ipollution iby istraightforward 

ihousework iand imanagement ipractice. iFrom ithe istudy iit ishow ithat iground water ias ia 

isource iof iwater isupply, iits iqualities, ipollutions iand isources iwith ia ipurpose iof 

iencouraging iresearch iactivities imore iin ithe iuse iof iappropriate itechnology ifor ithe 

itreatment iof iground water. iThe iwater iin ia iriver ioriginates ifrom ioverland iflow, ifrom 
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iinterflow. iBaseflow iforms ia ihigher iproportioniof iriver iwater iin isummer ithan iin iwinter, 

iand iin irivers iflowing iover igood iaquifers. iThe igrowing iuncertainty iof isurface iwater 

iavailability iand iincreasing ilevels iof iwater ipollution iand iwater idiversions ithreaten ito 

idisrupt isocial iand ieconomic idevelopment iin imany iiareas ias iwell ias ithe ihealth 

iofiecosystem. iSurface iwater iof iBadi iNadi ineeds ito itreated. iMore iattempt ishould ibe 

itaken ito icontrol ithe iipesticide iuse iin ithis iregion, ievaluate, iand idecrease itheir iout-turn 

ion ihuman ihealth. iIn ithe ifuture, ithe iappeal iof iorganic icultivation ican ibe ia igreat iblend 

ito ithe iground water icontamination iproblem. 

 Pesticides iare imainly iicontemporary ichemicals. iThere iare imany ihundreds iof ithese 

icomposite, iand isubstantial itests iandiistudies iof itheir iiconsequence ion ihuman ibeing ihave 

inot ibeen ifinalized. iAll the results confirm that the groundwater  quality in Patiala district is 

getting deteriorated .This groundwater quality is bad but still it can be improved , if same 

continues in future the groundwater source will be completely polluted . It is high time to protect 

our natural resources. For this some major steps should be taken by our government and which 

should be equally followed by every citizen. 

 

 5.3 iRecommendations: 

The groundwater quality of Patiala district is getting deteriorated at an alarming rate due to 

increasing human activities. Based on the results and discussion of various physio-chemical 

parameters tested for the water samples from Patiala district , the following recommendations are 

made so that further deterioration of groundwater could be avoided. 

 

 

 Disposal of solid waste (domestic) , agriculture residues and wastes on a land fill should be 

minimized as it is one of the reason for ground water deterioration . A proper management 

system should be introduced. 

 Health awareness programmes are to be conducted regularly with the help of health 

agencies or NGO‟s  with  regard to the problems caused due to waterborne diseases. 

 Human caused activities like washing of clothes , animals and vehicles in the water bodies 

should be avoided. 

 Chemical fertilizers/Chemical pesticides should be avoided. Instead of them bio 

fertilizers/bio pesticides should be used in appropriate manner. 

https://www.greenfacts.org/glossary/def/ecosystem.htm
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 Farmers must be given proper guidance about the use of chemical based products in 

judicious manner and  to use bio based products or IPM  practices. 

 Entry of agriculture wastes into the water bodies should be avoided. 

 Continuous and proper monitoring of the groundwater should be done and environmental 

regulations should be followed by the government authorities. 

 Farmers should be introduced to proper management practices. 

 Chemical fertilizers and pesticides even though they remain as a important tool for 

agricultural activities , but farmers should be provided with proper education for the optimum use 

of fertilizers and pesticides , and they should be encouraged for organic farming. 
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