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Abstract 

The istudy iaimed ito ievaluate ithe ilevels iof ivarious iheavy imetals, isuch ias iiron, imanganese, icopper, 

iand izinc, iin ivegetables igrown iwith iirrigation iwater isourced ifrom idifferent ilocations. iThe ifindings 

irevealed ia isignificant iaccumulation iof iheavy imetals iin ivegetables iwatered iwith iwastewater, 

iresulting iin iconfusion iand ifrustration iamong ifarmers. iHeavy imetals ilike icadmium i(Cd), ilead i(Pb), 

ichromium i(Cr), izinc i(Zn), icopper i(Cu), inickel i(Ni), iand imanganese i(Mn) iare ilikely ipresent iin ithe 

isewage iwater iof iSriganganagar idue ito iindustrial iactivities isuch ias itextiles, ileather iprocessing, iand 

ichemical imanufacturing, ialong iwith idomestic iand iagricultural iwaste. iThis icontamination iposes 

iserious ihealth irisks, iincluding idamage ito ithe iliver iand ikidneys, ias iwell ias ireproductive iproblems. 

iAlthough ispecific idata ifor iSriganganagar iis inot iprovided, ithis ikind iof icontamination iis icommonly 

iobserved iin iother iindustrialized iregions iof iIndia. iThe ipresence iof iheavy imetals iin iwater, 

iespecially iin iindustrialized iareas, iis ia igrowing iconcern. iWater iis iessential ifor ilife, iand iits 

icontamination iwith iheavy imetals iposes isignificant ithreats ito ihuman ihealth. iThe istudy ifocuses ion 

ithe ilevels iof iheavy imetals iin igroundwater iin iIndia, isuch ias iarsenic i(As), icopper i(Cu), icadmium 

i(Cd), iiron i(Ir), ilead i(Pb), izinc i(Zn), iarsenic i(As), ichromium i(Cr), iand inickel i(Ni), iand itheir iimpact 

ion ihuman ihealth. iThree itypes iof iindustrial ieffluents—iron iprocessing iindustry i(IR), ibattery 

iindustry i(BT), iand ileather iprocessing iindustry i(LT)—were iselected ifor ithe istudy. iParameters 

isuch ias ipH, ibiological ioxygen idemand i(BOD), ichemical ioxygen idemand i(COD), iand ilevels iof 

iheavy imetals iincluding izinc i(Zn), ilead i(Pb), icadmium i(Cd), ichromium i(Cr), inickel i(Ni), iand 

icobalt i(Co) iwere ianalyzed iin ithe ieffluent isamples. iThe ipH ivalues iranged ifrom i1.86 ito i11.63, 

iindicating ia ihighly ivariable iand ioften iextreme ienvironment. iBOD iand iCOD idata iindicated ithat 

ithe isamples iwere isignificantly ipolluted iwith iorganic iand iother ichemical icontaminants. iOne 
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isample ifrom ithe iiron iprocessing iindustry ishowed ihigh ilevels iof izinc. iSamples ifrom ithe ibattery 

iindustry ihad ielevated ilevels iof ilead. 

Keywords: iGroundwater, iHeavy iMetal iContamination, iHuman iHealth iEffects, iIndia. 

Introduction i 

Water icovers imore ithan i70% iof ithe iEarth's isurface iand iis ivery iimportant ifor ipeople ito ilive iand ifor 

ieconomic iactivities. iHowever, ihow iuseful iwater iis idepends ion iits iquality iand ihow imuch iof iit iis 

iavailable. iClean iwater iis ineeded ifor ieveryday iuse, ifarming, iand iindustries. iBut imore iand imore 

ipeople iare ihaving itrouble igetting iclean iwater ibecause iof ipollution. iDifferent itypes iof ipollutants 

ilike iorganic iwaste, ichemicals,  iharmful igerms, iand iheavy imetals imake iwater iunsafe ito iuse iand 

iharm ithe ienvironment. iSome iheavy imetals ilike icadmium,  ilead, imercury, iand iarsenic iare 

iespecially idangerous ibecause ithey idon't ibreak idown ieasily, iare ivery iharmful, iand ibuild iup iin 

iliving ithings iover itime, iwhich ican ihurt iboth inature iand ihuman ihealth[1]. iThese ipollutants icome 

ifrom idifferent isources, iincluding iplaces ilike ifactories ithat irelease iwaste iinto iwater iand ifrom 

ispread-out isources ilike ifarm irunoff. iAs icities iand iindustries igrow, imore ipolluted iwater iis ibeing 

idumped iinto irivers, ilakes, iand iother iwater ibodies ievery iday.  iThis ipolluted iwater, ifull iof iheavy 

imetals iand iother iharmful isubstances, iis idamaging ifish, iplants, iand ipeople's ihealth. iIt’s ireally 

iimportant ito imanage iwastewater iproperly ito isave iwater iand istop ithese iharmful ieffects[1]. iHeavy 

imetals iare idense iand ihave ihigh iweight. iSome, ilike icopper, izinc, iand inickel, iare ineeded iin ismall 

iamounts ifor iliving ithings, ibut iothers ilike ilead, imercury, iand icadmium iare icompletely iharmful.  

iMany iof ithese iheavy imetals icome ifrom iindustries isuch ias imetal iprocessing, imining, iand ibattery 

iproduction. iThese imetals idon't ibreak idown iand ibuild iup iin isoil, iwater, iand iliving ithings, icausing 

ibig ienvironmental iand ihealth iproblems.  iWater iused iin ifarming, iwhich ioften ihas ia ilot iof iorganic 

imatter iand idirt, iadds ito iheavy imetal ipollution iif iit’s inot itreated iproperly[2]. iHeavy imetals ilike 

icadmium,  inickel,  icopper, iand imercury iharm isoil iand iplant ihealth. iThey imake iit iharder ifor iplants 

ito itake iin inutrients, ireduce itheir iability ito imake ifood ithrough iphotosynthesis, iand iaffect ihow 

iplants igrow iand ifunction. iCadmium iand inickel iare iespecially iharmful, ireducing ihow iwell iseeds 

igrow, iwhile icopper iand imercury ilower ithe iplants' iability ito imake ifood, ileading ito islower igrowth. 

iCadmium iis ia ivery itoxic imetal. iWhen iit igets iinto ithe ibody, iit ican icause iserious ihealth iproblems.  

iIn i2022, iit iwas ifound ithat inickel ihas iboth iharmful iand iuseful iproperties. iToo imuch iheavy imetal iin 

isoil ican icause iplants ito iturn iyellow, idamage itheir ienzymes, iand imess iup itheir ibasic iprocesses,  

iaffecting ihow iplants igrow iand idevelop. iIf iplants igrow iin ipolluted iwater, ithe iheavy imetals ican 
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imove iinto ithe ifood iwe ieat. iAnimals iand ihumans iwho ieat ithese iplants imay ithen itake iin ithe iheavy 

imetals, iwhich ican ibuild iup iin ithe ifood ichain[2]. iThis ican icause iserious ihealth iissues ilike idamage 

ito iorgans, idelays iin igrowth, iand ilong-term idamage ito ithe ienvironment. iIt's ivery iimportant ito istop 

iheavy imetals ifrom igetting iinto ifarming iareas ito iprotect iplants, imake isure ifood iis isafe, iand ikeep 

ithe ienvironment ihealthy. iHeavy imetals iare ia igroup iof ielements ifound iin inature iin ivery ismall 

iamounts. iWhen ithese imetals iare ipresent iin ihigh ilevels, ithey ican ibe iharmful ito iliving ithings. iThe 

iway itrace imetals ibehave iin igroundwater iis icomplex iand idepends ion iwhere ithe iwater icomes ifrom 

iand ithe ichemical iand ibiological iprocesses ihappening iin ithe ienvironment i(WHO, i1993) i
[3]. iSome 

imetals iare inecessary ifor ithe ibody ito iwork iproperly, iwhile iothers iare inot. iMost imetals iare 

iimportant ifor ithe igrowth, idevelopment, iand ihealth iof iliving iorganisms. iHowever, ithe iamount iand 

iquality iof igroundwater ican ichange ibecause iof ihuman iactivities. iThis ican imake igroundwater 

iunsafe ifor idrinking iand iharm inatural iareas. iIt iis ia ibig iscientific ichallenge ito iunderstand ihow ithese 

ichanges iaffect iunderground iwater isystems iand ipredict ifuture ichanges. iGroundwater iis iused ifor 

imany ithings ilike iindustry, iagriculture, iand ieveryday iuse iaround ithe iworld. iHuman iactivities ilike 

ifarming iand idaily ilife irelease ia ilot iof ipollutants iinto ithe ienvironment. iIn iIndia, ipeople iuse iponds, 

irivers, iand igroundwater ifor idaily iand ifarming ipurposes. iThe imain isources iof iwater iare irain, 

irivers, ilakes, iand igroundwater ifrom iwells iand iboreholes. iIn irecent iyears, ithe igrowth iof iindustry, 

itechnology, iand ipopulation ihas iput imore ipressure ion iland iand iwater iresources. iThis ihas icaused 

ilocal igroundwater iquality ito iget iworse[4]. iWastes ifrom icities iand iindustries, ifertilizers, ipesticides, 

iand iother ichemicals ihave igone iinto ithe iground iand ipolluted isome iaquifers. iOther ipollution 

iproblems icome ifrom ileaking isewers iand iimproperly ibuilt iseptic itanks iand ilandfills. iIn isome 

icoastal iareas, iheavy ipumping iof ifresh igroundwater ihas icaused isaltwater ito imix iwith ifreshwater. 

iAs icities igrow, iwater ipollution iproblems ibecome imore iserious, ileading ito ibig iecological iand 

ienvironmental iissues. iIndustrial iactivities ithat idon’t icare iabout ithe ienvironment icause iwater iand 

iair ipollution, ileading ito isoil idamage iand ilarge ienvironmental iproblems ilike iacid irain, iglobal 

iwarming, iand iozone ilayer idepletion. iWater itemperature iaffects ithe imetabolic iand ilife iprocesses 

iof iaquatic iorganisms[1]. iGroundwater isupply idepends ia ilot ion irainfall iand ihow imuch iwater iseeps 

iinto ithe iground. iThe iquality iof ithe isoil iis ialso ian iimportant ifactor. iHeavy imetals iplay ia irole iin ithe 

inormal ifunctioning iof ithe ihuman ibody. iAn iimbalance iin ione iof ithese imetals ican icause iproblems  

ifor ithe ibody. iHeavy imetals icome iinto iwater isystems ifrom iboth inatural iand ihuman isources[5]. 

iThese imetals iare idense, ifound iin ivery ismall iamounts, ibut iare ivery itoxic iand ican ibuild iup iover 
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itime, iwhich iis iwhy ithey iare icalled itrace imetals. iThe imain isources iof iheavy imetals ifrom ihuman 

iactivity iinclude iwaste ifrom imining, imetal iprocessing iplants, iand irunoff ifrom ihomes iand istreets. 

iMany iof ithese imetals iare ihighly itoxic ito ihumans, isuch ias imanganese, inickel, iarsenic, itin, 

icadmium, ilead, imercury. iHaving ithese imetals iin iwater iat ilevels ihigher ithan ibackground ilevels iis 

inot igood. iSome iheavy imetals ilike imanganese, inickel, iarsenic, itin, icadmium, ilead, iand imercury 

iare iharmful ito ithe iaquatic ienvironment iand ihuman ihealth. iHumans ihave ievolved iin ithe ipresence 

iof imetals iand ican ihandle ivarying ilevels iof iessential iand inon-essential imetals. iMetals ifrom ifood 

iand ithe ienvironment iend iup iin iorgans ilike ithe ibrain, iliver, iand ikidneys. iThe ieffects iinside ithe  

ibody idepend ion ihow ithese imetals iaffect ithese isystems. iExtra imetals iin ithe ibody iare iusually 

iremoved ithrough iurine iand ifeces ior ibuild iup iin idifferent itissues[5]. 

Waste iwater iFrom iDomestic iWastewater 

Household iwastewater icontains isignificant itraces iof imetals ifrom imetabolic iwaste, icorrosion iof 

iwater ipipes ilike icopper i(Cu), ilead i(Pb), izinc i(Zn), iand icadmium i(Cd), ias iwell ias ifrom ihousehold 

iproducts isuch ias idetergents, iwhich imay icontain iiron i(Fe), imanganese i(Mn), ichromium i(Cr), 

inickel i(Ni), icobalt i(Co), iarsenic i(As), iand imercury i(Hg). iWastewater itreatment iprocesses 

itypically iremove iless ithan i50% iof ithe imetals ipresent iin ithe iinfluent, iresulting iin ieffluents ithat istill 

icarry ia ihigh iload iof imetals. iAdditionally, isludge igenerated iduring iwastewater itreatment iis ialso  

irich iin ithese imetals. iDomestic iwastewater iand isludge ifrom idomestic iand iindustrial isources iare 

ithe imain ianthropogenic icontributors ito imetal ipollution, iparticularly icadmium i(Cd), ichromium 

i(Cr), icopper i(Cu), iiron i(Fe), ilead i(Pb), iand imercury i(Hg) i
[6]. 

Survey iArea 

Ganganagar iDistrict iis isituated iat ithe inorthernmost ipart iof iRajasthan iand icovers ian iarea iof 

iapproximately i11,154.66 ikm². iIt iis ibordered iby iHanumangarh idistrict iin iRajasthan. iThe iregion 

iexperiences ia idry iclimate iwith ihot isummers iand icold iwinters. iThe iSouthwest iMonsoon iseason iin 

iGanganagar ispans ifrom iJune ito imid-September, ifollowed iby ia idry iperiod iuntil ithe iend iof 

iNovember. iMajor icrops igrown iin ithe iarea iinclude iwheat, imustard, icotton, ibajra, isugarcane, igram, 

iand iothers. iThe isoil iin ithis iregion iis icharacterized iby ithe ipresence iof ia icalcareous ilayer, ifound iat 

idepths iof i75-100 icm. iThe isoil iis ideep iand igently idrained, iwith islow ipermeability iand imoderate 

iwater iretention icapacity. iThe isoil's inatural ifertility iis igenerally ipoor. iThe icommon isoil itypes 

ifound ihere iare ilehm iand isandy iloam. iFour iprimary icrops iCyamopsis itetragonoloba, iVigna 

iradiata, iPennisetum iglaucum,  iand iGossypium iarboretum iwere iselected ifor istudies ion iheavy imetal 
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icontamination[7]. iThe ichoice iof ithese icrops iwas ibased ion itheir icultivation iin ithe iregion. iA istudy 

iexamining iheavy imetal icontamination iin ithe isoils iof iRajasthan's iSri iGanganagar idistrict, iIndia,  

iincludes iassessments iof iheavy imetal iconcentrations iin iboth irural iand iurban iareas. iThis istudy 

ilikely iinvolves itesting ifor ilevels iof iLead i(Pb), iIron i(Fe), iManganese i(Mn), iZinc i(Zn), iand iCopper 

i(Cu) i
[1]. iThe iaim iof ithe istudy iis ito idetermine iif ithere iare isignificant idifferences iin iheavy imetal 

ilevels ibetween irural iand iurban ienvironments, iinfluenced iby ifactors isuch ias iindustrial iactivity, 

iagricultural ipractices, iand iproximity ito iurban icenters. iThe ifindings iare icrucial ifor iunderstanding  

ithe ipotential ihealth iand ienvironmental irisks iassociated iwith iheavy imetal ipollution iin ithis iregion. 

iHeavy imetals iare ipersistent ienvironmental ipollutants[7]. iOnce ithey ienter ithe isoil, ithey iare idifficult  

ito iremove iand isignificantly ialter ithe isoil's iphysicochemical iproperties, iresisting ibiodegradation ior 

ipyrolysis. iThese imetals ican iexceed icertain ithresholds, icausing itoxic ieffects ion isoil 

imicroorganisms, iplants, iand ianimals, iwhich ican idisrupt isoil ienzymes iand imicrobial iactivity. 

iPlants iabsorb iheavy imetals ithrough itheir iroots iand ileaves, ia iprocess iinfluenced iby iplant ispecies 

iand itheir iintrinsic idefenses iagainst itoxicity. iA isignificant ireduction iin iphotosynthetic iactivity iin 

iplants ipoisoned iby iheavy imetals ileads ito ilower ibiomass iproduction. iAdditionally, ivegetable 

iphysiological iand ibiochemical iprocesses isuch ias irespiration, imetabolism, itranscription, 

itranslation, iand ithe icell icycle iare iaffected[8]. iThe itoxicity iof idifferent iheavy imetals ivaries, iand 

itheir icombined ieffects ican ibe icumulative. iFor iexample, ithe icombined ieffects iof iCu iand iCd iin 

ibarley iplants ican iresult iin ireduced iroot iand istem igrowth. iHeavy imetals ibioaccumulate iin ithe 

iecosystem's ifood ichain, ileading ito isignificant iaccumulation iin ithe ihuman ibody ithrough iskin 

icontact, ifood, iair, iand iwater. iRegular iexposure ican iinterfere iwith igrowth iand iweaken ithe iimmune 

isystem, iposing ia idirect ior iindirect ithreat ito ihuman ihealth. iFurthermore, iheavy imetals ican ienter 

ithe ihuman ibody ithrough ithe iskin iand iair, iand iare inaturally imutagenic iand icarcinogenic. iIn isevere 

icases, ithey ican icause ihealth iproblems irelated ito ithe icardiovascular, irespiratory, iskin,  

ireproductive, iand iimmune isystems. iUrban isoil iplays ia icritical irole iin iurban iecosystems, iand iits 

iquality isignificantly iimpacts ithe iquality iof ilife iand ihealth iof iresidents. iUrban isoil iinherits icertain 

icharacteristics ifrom inatural isoils ibut idiffers iwidely idue ito idense ihuman iactivity. iThese isoils ihave 

iunpredictable istratification, ilow ipermeability, ilow imoisture icontent, iand ihigh itrace ielement  

icontent[1]. iThey iserve ias ikey irepositories ifor iheavy imetals iand iother icontaminants. iDue ito ilimited  

ienvironmental itransport icapacity iand iself-regulation, ithe irapid iexpansion iof iurban iareas ileads ito 

ian iinflux iof iheavy imetals ifrom iaccelerated iurbanization iand iindustrialization. iThis iinflux iburdens 
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iurban iecosystems iand ibiogeochemical icycles, icausing ienvironmental iissues isuch ias isoil ifunction 

ideterioration, istructural ichanges, iand iproperty ialterations. iHeavy imetals ienter iurban isoils ithrough 

itwo imajor isources: inatural isources iand ianthropogenic iactivities. iNatural isources iprimarily 

iinclude iparent imaterials iand isoil iformation iprocesses. iHowever, ianthropogenic iactivities isuch ias 

ifossil ifuel iburning, iwaste iburning, itraffic iemissions, imetal ismelting, iand iintensive iagricultural 

ipractices isignificantly iaffect ithe imetal icontent iin iurban isoils. iAlthough iurban isoils iare irarely iused 

ifor iagricultural ipurposes, icomprehensive iproduction iand imulch iuse ican icontribute ito ipollution, 

iespecially iin iagricultural iactivities. iHeavy imetals iaccumulate iin ithe isoil, ientering ithe ihuman ibody 

ithrough iinhalation, iskin icontact, ior iabsorption[7]. iThis iposes ia isignificant irisk ito ithe ihealth iand  

iwell-being iof iurban iresidents, iparticularly ichildren. iAlthough iareas isuch ias iparks iand iresidential 

izones iare inot itypically iused ifor ifood icultivation, ithey istill iserve ias iimportant ipoints iof 

itransmission ifor iheavy imetals iin ithe ihuman ibody. iInvestigating ithe idistribution iof iheavy imetals 

iin iurban isoils iis iessential ito iensuring ihuman ihealth iby ipreventing iprolonged iexposure ito 

icontaminated ienvironments[1]. 

Causes iOf iContamination 

Industrial iwaste: i 

Facilities iinvolved iin ileather itanning, itextile imanufacturing, isteel, iand ichemical iindustries iare 

imajor isources iof iheavy imetals ilike ichromium, ilead, iand icadmium[9]. 

Domestic iwaste: i 

Everyday ihousehold iproducts iand iwaste ican icontribute ito iheavy imetal icontamination iin isewage. 

Agricultural irunoff: i 

Use iof ifertilizers iand ipesticides ican ilead ito iheavy imetals ientering ithe iwater isupply. 

Health iimpacts: i 

Liver iand ikidney idamage: i 

Exposure ito ihigh ilevels iof iheavy imetals ican icause iserious idamage ito ithese iorgans. 

Reproductive iproblems: i 

Heavy imetals ican inegatively iimpact ithe ireproductive isystem[1]. 

Cancer irisk: i 

Some iheavy imetals, isuch ias ichromium, iare iassociated iwith ian iincreased irisk iof icancer. 

Other iIssues: i 
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Health iproblems ican ialso iinclude igastrointestinal iand iskin iissues, ias iwell ias imental idisorders. 

What ican ibe idone: i 

Monitoring iand itesting: i 

Regular itesting iof isewage iand inearby igroundwater iis icrucial ito iunderstand ithe iextent iof 

icontamination. 

Wastewater itreatment: i 

Implementing ieffective itreatment imethods ito iremove iheavy imetals ibefore ireleasing ithe iwater iis 

iessential. This ican iinclude iboth itraditional iand ibiological imethods. 

Source iControl 

The iprimary isource iof ithe iproblem, isuch ias iindustrial idischarge, ineeds ito ibe icontrolled ithrough 

istricter iregulations iand iimproved iindustrial ipractices[10]. 

Heavy iMetals 

Different itypes iof iwater ipollutants iand ihow ithey iaffect ithe ienvironment iand ipeople's ihealth. iThis  

istudy ilooked iat iseveral itraditional iwater ipollutants, iincluding inutrients ilike initrate i(NO3) iand 

iphosphate i(PO4), iorganic ipollutants isuch ias iPOPs, iEDS, iand ipesticides, ihalogens ilike ichlorine 

i(Cl), ibromine i(Br), iand ifluorine i(F), imicrobial ipollutants, iand iheavy imetals ilike imanganese i(Mn), 

iiron i(Fe), icopper i(Cu), ialuminum i(Al), izinc i(Zn), ilead i(Pb), ichromium i(Cr), inickel i(Ni), icadmium 

i(Cd), iand imercury i(Hg). iCadmium iis ivery idangerous ieven iin ismall iamounts[7]. 

It ican icause ikidney iproblems, ilung iissues, ibone iissues, ihigh iblood ipressure, iand iother ihealth 

iproblems. iCadmium icomes ifrom iindustries ilike imetal irefining, ibattery imaking, ipipe iproduction, 

iand ipainting. iEven ithough iemissions iare imanaged iin ideveloped icountries, iit istill icauses ihealth 

iissues, iespecially ifor iworkers iin ideveloping icountries. iWhen icadmium igets iinto iwater, iit ican istay 

ithere ifor iyears iand imove ithrough ithe ifood ichain, iharming iother iliving ithings. iOther isources 

iinclude ifood iand ismoking[8]. iCadmium ican ihurt ithe iliver iand ikidneys iand ialso iaffects isome ifish. 

iIn imost iplaces, icadmium ilevels iare ivery ilow, ibelow i0.003 img/L, iexcept ifor ithree iareas: iIR7 

i(0.003 img/L), iLT2 i(0.020 img/L), iand iLT1 i(0.004 img/L). iCobalt ilevels iare ialso ibelow ithe 

idetection ilimit iin iall isamples.\ 

Nickel iis iimportant ifor isome ibacteria iand ihelps iin itheir iprocesses, ibut itoo imuch ican ibe iharmful. 

Some ibacteria ilike iE. icoli iand iH. ipylori ihave iways ito ihandle inickel ito iavoid iits ieffects. iLong 

iexposure ito inickel ican icause ibreathing iissues, icancer, iand ilung iproblems. iNickel ibuilds iup iin 

iwater imainly ifrom iair ipollution, ilike ifrom ipower iplants iand iincinerators, iwhich isettle iin ithe isoil 
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iand irun ioff iinto iwater. iIt ican ialso iget iinto iwater ithrough ipoorly itreated iwaste. iA ilittle inickel iis 

iuseful, ibut itoo imuch iis ibad ifor ilungs, ikidneys, iand iskin. iIn imost isamples, inickel ilevels iare ibelow 

ithe ilimit, ibut ia ifew isamples ihad ihigher ilevels: iLT2 i(0.12 img/L), iIR4 i(0.09 img/L), iIR1 i(0.07 

img/L), iand iLT1 i(0.06 img/L). iNo isample ihad imore ithan i0.12 img/L. iCobalt ican icause ihealth 

iproblems ilike iasthma, iheart itrouble, ithyroid iissues, iand iliver idamage. iIt ican ibe iremoved ifrom 

iwater iusing idifferent imethods. iThe isafe iamount iin idrinking iwater iis i2 imicrograms iper iliter. iFor 

ilivestock iand iirrigation, ithe ilimits iare ihigher: i1 img/L iand i0.05 img/L, irespectively[9]. 

Chromium iis iharmful ito ithe ienvironment, icausing isoil iand iwater ipollution, iaffecting iplants iand 

iaquatic ilife, iand iharming ihuman ihealth. iHigh ilevels iof ichromium ican ilead ito iserious ihealth 

iissues. iThe ihighest ichromium ilevel iwas ifound iin iLT1 iat i2.15 img/L. iOther isamples ihad ilower 

ilevels: iLT2 i(1.72 img/L), iIR1 i(0.27 img/L), iIR7 i(0.18 img/L), iand iIR4 i(0.07 img/L). iIn iother iareas, 

ichromium ilevels iwere ibelow ithe idetection ilimit. iZinc iis iused iin imany iproducts ilike ipaint, irubber, 

iand icosmetics. 

Industries ican irelease izinc iinto ithe ienvironment iif iwastewater iis inot iproperly itreated. iZinc 

iparticles ican isettle iin isoil iand imix iwith igroundwater. iZinc iis iimportant ifor ibalancing icopper 

ilevels, ihealing iwounds, icell igrowth, iimmunity, iand ireproductive ihealth. iIt ialso ihelps iprevent iskin 

iaging. iBut itoo imuch izinc ican icause ikidney iissues, iblood iin iurine, ivomiting, iand ianemia. iHigh 

izinc ilevels ican islow idown igrowth iand idevelopment. iSymptoms iof izinc ipoisoning iinclude 

idiarrhea, ivomiting, iand iproblems iwith ithe ikidneys iand iliver[10]. 

Lead iis ia ivery idangerous iheavy imetal.It iis ifound inaturally iin ismall iamounts iin ithe iEarth's icrust. 

iSources iinclude imining, ismelting, irefining, iold igasoline, iand iindustries ilike ibattery iproduction, 

ipaint, iceramics, iand iglass. iLead iis ivery iharmful ito ichildren iand ipregnant iwomen, icausing 

imiscarriage, istillbirth, iand ipremature ibirth. iIt ican ialso ilead ito istomach iproblems, iliver iand ikidney 

idamage, ihigh iblood ipressure, iand ineurological iissues. iIn ichildren, iit iharms ithe inervous isystem. 

iLead ialso icauses ianemia, itiredness, iparalysis, iand ishaking. iInhaling ilead ican ilead ito iproblems 

ilike ilow iblood ioxygen, ikidney iand ijoint iproblems, iheart iissues, iand ibrain idamage[8-9]. 

Heavy iMetal iAnalysis 

• Metal iSelection: iThe istudy iis iprobably igoing ito ifocus ion imetals ilike iLead i(Pb), iCadmium 

i(Cd), iChromium i(Cr), iCopper i(Cu), iIron i(Fe), iManganese i(Mn), iNickel i(Ni), iand iZinc  

i(Zn). 
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•  iAnalytical iMethods: iThey iwill iuse itechniques isuch ias iInductively iCoupled iPlasma iMass 

iSpectrometry i(ICP-MS) ior iAtomic iAbsorption iSpectroscopy i(AAS) ito imeasure ithe 

iamounts iof ithese imetals[8]. 

Conclusion i 

India iis icontinuously iprogressing itowards iits idevelopment. iThe icountry's idevelopment iis ilargely 

idriven iby iits iindustries iand imining isectors. iVarious itypes iof iheavy imetals, isome iof iwhich iare 

ihighly itoxic, iare irapidly ipolluting igroundwater ithrough iprocesses ilike ileaching. iThese imetals iare 

ientering igroundwater ithrough iindustrial iareas, ipopulation igrowth, iquarry iresidues, imetal iwastes, 

ileaded igasoline, ipaint, iand iother isources, icausing iconfusion iand ifrustration iamong ipeople. iIn 

isummary, ithe istudy ion iheavy imetals iin ithe isoil iof iSri iGanganagar iprovides ivaluable iinsights iinto 

ithe iextent iof icontamination, ipossible isources, iand ithe iassociated ihealth iand ienvironmental irisks. 

iThis idata ican iaid iin iformulating istrategies ito imanage iand ireduce iheavy imetal icontamination iin 

ithe iarea. iThe imain iobjective iof ithis istudy iwas ito ievaluate ithe iconcentration iof ivarious iheavy 

imetals iin ithe isoil, iwater, iand ifrequently igrown iplants iin iSri iGanganagar. iThe iissue iof iheavy imetal 

icontamination iin iurban isoil ienvironments iis icomplex iand inecessitates icomprehensive, iproactive, 

iand iintegrated iapproaches ifor imanagement, iassessment, iand iremediation. 

References 

[1]. Qayoom, iU., iBhat, iS. iU., iAhmad, iI., i& iKumar, iA. i(2022). iAssessment iof ipotential irisks iof 

iheavy imetals ifrom iwastewater itreatment iplants iof iSrinagar icity,  iKashmir. iInternational iJournal iof 

iEnvironmental iScience iand iTechnology, i19(9), i9027-9046. 

[2]. Singh, iH., iPandey, iR., iSingh, iS. iK., i& iShukla, iD. iN. i(2017). iAssessment iof iheavy imetal 

icontamination iin ithe isediment iof ithe iRiver iGhaghara, ia imajor itributary iof ithe iRiver iGanga iin 

iNorthern iIndia. iApplied iWater iScience, i7(7), i4133-4149. 

[3]. Sridhar, iS. iG. iD., iSakthivel, iA. iM., iSangunathan, iU., iBalasubramanian, iM., iJenefer, iS., 

iMohamed iRafik, iM., i& iKanagaraj,  iG. i(2017). iHeavy imetal iconcentration iin igroundwater ifrom 

ibesant inagar ito isathankuppam, isouth iChennai, iTamil inadu, iIndia. iApplied iWater iScience, i7(8), 

i4651-4662. 

[4]. Mohanty, iB., i& iDas, iA. i(2023). iHeavy imetals iin iagricultural icultivated iproducts iirrigated 

iwith iwastewater iin iIndia: ia ireview. iAQUA—Water iInfrastructure, iEcosystems iand iSociety, 

i72(6), i851-867. 

[5]. Singh, iI. iImpact iof iUntreated iSewage iWater ion iVegetable iChemical iContamination. 



82 
www.njesr.com 

 

[6]. Samani,  iM., iAhlawat, iY. iK., iGolchin, iA., iAlikhani, iH. iA., iFathi-Gerdelidani,  iA., iAhlawat, iU., 

i... i& iMishra, iS. i(2024). iNano isilica-mediated istabilization iof iheavy imetals iin icontaminated isoils. 

iScientific iReports, i14(1), i20496. 

[7]. Sinha, iA. iK. i(2024). iEphemeral iFlows: ia icomprehensive ioverview iof ithe istate iof iwater iquality 

iin ia itransient iriver isystem iin inorthwest iIndia. iAntrocom: iOnline iJournal iof iAnthropology, i20(1). 

[8]. Ahmad, iS., iKhan, iA., i& iBaig, iZ. iT. i(2023). iA iComparative iStudy iof iBottled iand iTap iWater iin 

iAbbottabad iCity: iImplications ifor iStakeholders. 

[9]. KOUR, iN. iIsolation iand iBio-molecular iCharacterization iof iCellulose iDegrading iBacteria 

iCollected ifrom iJabalpur iRegion. 

[10]. Singodia, iR. iR., i& iJohn,  iP. iJ. i(2023). iHydro-biological iand itoxicological istudy ion iwater 

ibodies iof iRajasthan. iBIOINFOLET-A iQuarterly iJournal iof iLife iSciences, i20(1), i112-126. 

 


	Abstract
	The istudy iaimed ito ievaluate ithe ilevels iof ivarious iheavy imetals, isuch ias iiron, imanganese, icopper, iand izinc, iin ivegetables igrown iwith iirrigation iwater isourced ifrom idifferent ilocations. iThe ifindings irevealed ia isignificant ...

