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Abstract 

iIndiscriminate iindustrialization iand iurbanization ihave iharmed ithe ienvironment. iIn imany isemi-

urban iparts iof iIndia, ia icommon ienvironmental iproblem iis ithe irelease iof ipoorly itreated iwastewater 

ifrom ihomes, iindustries, iand icities iinto ithe ienvironment. iThis ihas icaused ithe idirt iand iwater ito iget 

iworse. iBecause iof iless iclean iwater, iIndian ifarmers ihave istarted iusing iwastewater ias ia icheaper iand 

ieasier isource ifor iwatering icrops. iBut ithis ihas ialso icaused imore iharmful ichemicals ito iget iinto ithe 

isoil. iSome iof ithese ichemicals, icalled ipersistent ipollutants, iinclude imetals ilike icadmium, icopper, 

ichromium, ilead, imercury, iand ia ifew iothers. iThese imetals iare idangerous ibecause ithey idon't ibreak 

idown ieasily, istay iin ithe ibody ifor ia ilong itime, iand ican iinteract iwith iliving ithings. iIn iSri 

iGanganagar, iwhere icrops iare iwatered iwith iwastewater, istudies ihave ifound ithat ivegetables imay 

icontain iheavy imetals ilike iiron, imanganese, ichromium, iand izinc ibecause ithese imetals iare icommon 

iin ithe ilocal isoil iand iwater. iOther imetals ilike ilead, inickel, icopper, icobalt, iand icadmium iare ialso  

ipresent, ithough iin ismaller iamounts. iThese iharmful isubstances ican iget iinto ithe ifood iwe ieat, iwhich 

icould iharm iour ihealth. iSince iusing iwastewater ifor iirrigation ican’t ibe istopped iin iIndian i(semi)-

urban iareas ibecause ithere’s ia igrowing ineed ifor iwater, iit’s iimportant ito iunderstand ihow ithis iaffects 

ipeople. iThis iarticle ibrings itogether iresearch ifrom iIndia iabout iheavy imetals iin ivegetables. iIt ialso 

itries ito ifigure iout ithe ihealth irisks ifrom ieating ivegetables igrown iin iareas iwhere iwastewater iis iused  

ifor iirrigation. 

Keywords: iAccumulation, iContaminants, iHeavy iMetals, iIrrigation, iNonbiodegradable,  

iSewage 
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Water iconservation iis ibeing istudied iby iscientists iaround ithe iworld. iAs ithe ipopulation igrows, ithe 

ineed ifor ifresh iwater ifor ifarming iand idaily iuse iis irising, iwhich ican ithreaten isustainable  

idevelopment iin isome iregions. iIn imany isemi-urban iareas iof iIndia, ithe iavailability iof iclean isurface 

iwater ior igroundwater ihas idecreased i
[1]. iBecause iof ithis, ifarmers iare iturning ito icheaper iand imore 

iaccessible isources iof iwater ifor iirrigation, isuch ias itreated iand iuntreated iwastewater ifrom icities iand 

iindustries. iUsing iwastewater ifor ifarming iand iraising ifish ihas ibeen icommon iin imany iparts iof ithe 

iworld, iincluding iIndia, ifor ia ilong itime. iEven ithough ithere iare ino ifull inumbers ion ihow imuch 

ifarmland iuses iwastewater, ia istudy iby ithe iInternational iWater iManagement iInstitute i(IWMI) 

ifound ithat iabout i73,000 ihectares iof ifarmland inear icities iin iIndia iuse iwastewater ifor iirrigation. i
[1] 

In imany icountries, iboth ideveloped iand ideveloping, iwastewater ifrom icities iis iusually ireleased iinto 

ithe isoil. iIn ideveloped icountries iwhere ienvironmental irules iare istrict, ia ilot iof iwastewater iis itreated 

iwell ibefore iit iis iused ifor ifarming. iBut iin imany ideveloping icountries, ithese irules iare inot ialways 

ifollowed, iwhich ican iharm ithe ienvironment iand ithe iecosystem. 

In iIndia, ifarmers iare iusing iwastewater ibecause iit ihas iuseful inutrients ilike initrogen, iphosphorus, 

iand ipotassium i(NPK) ithat ihelp icrops igrow[2].However, iusing ithis ikind iof iwater ifor iirrigation ican 

icause iharmful isubstances ito ienter ithe icrops iand iplants. iAmong ithese iharmful isubstances, iheavy 

imetals iare ithe ibiggest idanger. iHeavy imetals iare ipoisonous, istay iin ithe ienvironment ifor ia ilong  

itime, iand ibuild iup iin ithe ibody iover itime. iUsing iwastewater ithat ihas iheavy imetals iin iit ifor 

iirrigation ican icause ithese imetals ito iaccumulate iin ithe isoil ibeyond isafe ilevels. iThis ican imake ithe 

icrops igrown iin isuch isoil iharmful ito ihuman ihealth. 

Fruits iand ivegetables iare iimportant ifor igood ihealth ibecause ithey igive ithe ibody inutrients ilike  

icarbohydrates, iproteins, ivitamins, iminerals, iand ifiber. i
[1-2] 

They ialso ihelp ibalance iacid iin ithe idigestive isystem. iSome imetals, ilike ialuminum, iarsenic, 

icadmium, ilead, iand imercury, iare inot ineeded iby ithe ibody iand ican ibe iharmful. iThese iheavy imetals, 

iespecially ilead, iarsenic, imercury, icadmium, iand ichromium, ican icause iserious ihealth iproblems  

isuch ias ikidney ifailure, icancer, iand iissues iwith ithe inerves iand iliver[3].Vegetables igrown iin isoil ithat 

ihas iheavy imetals ican ihave imore iof ithese imetals iin ithem ithan ivegetables igrown iin iclean isoil. i
[1] 

How imuch iof ithese imetals igets iinto idifferent iparts iof ia ivegetable idepends ion ithe imetal’s ichemical 

iform iand ihow ithe iplant iworks. iAlso, ithe iharmful ieffects iof ithese imetals idepend ion ihow imuch iis 

ipresent iand ithe iform iit itakes. iThe istructure iand ifunction iof ithe iplant ialso iinfluence ihow imuch 

imetal iit iabsorbs. iFor iexample, ileaves iand iroots itake iin imore imetals ithan istems iand ifruits. iSince 



54 
www.njesr.com 

 

iwastewater iirrigation icannot ibe istopped iin iIndian iperi-(semi)-urban iareas ibecause ithe ineed ifor 

iirrigation iwater ikeeps igrowing, ithis istudy ialso ilooks, iat ileast iin ia igeneral iand ipartly imeasured 

iway, iat ihow isafe iit iwould ibe ito iuse iwastewater ifor ifarming iin iIndian iplaces. iThis iarticle ibrings 

itogether ithe ifindings ifrom istudies ithat ihave ilooked iat iwastewater iirrigation iacross iIndia. iIt ialso 

itries ito iunderstand ihow iusing iwastewater iaffects ithe imovement iof iheavy imetals iinto ithe isoil iand 

ithen iinto ithe iplants igrown iin ieach istudy iarea. iFinally, iit iaims ito icheck ithe irisk ithat ithese iheavy 

imetals ipose ito ipeople ithrough ithe ifood ichain, ias ithey imove ifrom ithe iplants ito ithe isoil iand ithen ito 

ihumans. iHeavy imetal ipollution iin iplants iand iwater iis ia ibig iproblem iaround ithe iworld iand ineeds 

iattention[4]. iHeavy imetals iin ihigher iamounts ithan iusual iare ivery iharmful ito iboth iplants iand  

ianimals. iThe isources iof iheavy imetal ipollution iin idifferent iecosystems iinclude ithe iheavy iuse iof 

ifertilizers, ipesticides, iirrigation, iair ipollution, iand iindustrial iwaste. iKnowing ithe iexact ilevels iof 

iheavy imetals, ithe iforms ithey itake, iand ihow ithey idepend ion ithe iphysical iand ichemical iproperties 

iof ithe isoil ihelps iin imanaging ithe isoil iproperly. iPoor imanagement iof isoil iand iwater ican iincrease 

ithe imovement iof iheavy imetals, ileading ithem ito ienter ithe ifood ichain. iMost iheavy imetals istay ion 

ithe isurface iof ithe isoil iand iin ithe itop ilayers iof isediments iin iwater ibasins. iThey imix iwith iother 

imaterials iin ithese ilayers iand ichange itheir iproperties[4-5]. iThe ipH iof ithe isoil, ithe iamount iof imobile  

iheavy imetal, iand ithe ipresence iof iorganic imatter iin ithe isediments iact ilike ia ibuffer, ikeeping ithese  

imetals istored ifor ia ilong itime. iIn ithe ipast, ia istudy iwas idone iin iBikaner ito iassess iheavy imetal 

icontamination iin ivegetables igrown iusing iwastewater ifor iirrigation. iThe iresults ishowed ihigher 

ilevels iof iiron, imanganese, izinc, iand icopper. iThere iwasn’t imuch iinformation iabout iheavy imetal 

iexposure iin ithat iregion. iTherefore, ithis istudy iwas icarried iout ito ifind iout iheavy imetal iissues iand 

itheir icontamination iin iwater, isoil, iand iselected icrops iin iSri iGanganagar idistrict. iStudy iarea: 

iGanganagar idistrict iis ilocated iin ithe inorthernmost ipart iof iRajasthan. iIt icovers ian iarea iof iaround 

i11,154.66 isquare ikilometers iand iis isurrounded iby iBikaner iand iHanumangarh idistricts[6]. iThe 

idistrict ihas ian iarid iclimate, iwith ihot isummers iand icold iwinters. iThe isouthwest imonsoon iseason 

ioccurs ifrom iJune ito imid-September, ifollowed iby ithe ipost-monsoon iperiod iuntil ithe iend iof 

iNovember. iMajor icrops igrown iin ilarge iareas iinclude iwheat, imustard, iand icotton, ialong iwith iother 

icrops ilike iguar, ibajra, isugar icane, iand igrams. iThe inorthern ipart iof ithe idistrict ihas isierozems ior 

iarid isoils ithat iare ilight iyellowish-brown ito ipale iin icolor. iA ilayer iof ikankar i(calcareous 

iconcretions) iis ifound iat ia idepth ibetween i75 ito i100 icm. iThe isoils iare ideep iand imoderately idrained, 

iwith imoderate ito islow ipermeability. iThe iwater-holding icapacity iand inatural ifertility iof ithe isoils 
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iare igenerally ilow. iLoamy isand iand isandy iloam iare ithe imain isoil itypes iin ithis iarea. iFour imajor 

icrops—Cyamopsis itetragonoloba, iVigna iradiata, iPennisetum iglaucum, iand iGossypium 

iarboretum—were iselected ifor ithe istudy ion iheavy imetal icontamination. iThese icrops iwere ichosen 

ibased ion ithe iareas iwhere ithey iare igrown[7]. 

 

Materials iAnd iMethods i 

Design iOf iThe iStudy i 

The istudy iwas idesigned ibased ion ia ireview iof iexisting iresearch i(within iIndia) ifocusing ion 

iwastewater iirrigation iand ithe iaccumulation iof iheavy imetals iin icrops iand isoils iwhere ithese icrops 

iare igrown. i
[7] 

The isearch iwas iconducted iin iinternational idatabases isuch ias iScopus iand iScienceDirect, iand ialso  

ion iGoogle iScholar ia ifew itimes. iKeywords ilike isewage ifarming, isewage ifarming iin iIndia, iheavy 

imetals, ihealth ieffects, iand itransfer ifactor i(TF) iwere iused ito inarrow idown ithe isearch.  iIn ithe iend, 

i40 irelevant iresearch ipapers i(out iof i65) iwere iselected ifor idata ianalysis. iThis istudy iincluded iboth 

iurban iand irural iareas iacross iIndia iwhere iwastewater ihas ibeen iused ifor iirrigation ifor ia ilong itime. 

iFor ianalyzing iheavy imetals iin iwater, isoil, iand icrops, isamples iwere icollected ifrom iagricultural 

iareas iin iSri iGanganagar iduring ithe ipost imonsoon iseason. iWater isamples iwere icollected iin iclean 

iplastic ibottles ithat iwere ithoroughly iwashed iwith initric iacid iand irinsed iseveral itimes iwith idistilled  

iwater. iSoil isamples iwere itaken ifrom ithe itop imineral ilayer i(5-20 icm), iand ileaf isamples ifrom icrops 

iwere icollected iafter ithe irainy iseason ifrom iareas iwith iextensive iagriculture. iBefore ianalysis, isoil 

isamples iwere iair-dried iat i20°C iand iground iin ia imortar iuntil ithey ipassed ithrough ia i2 imm isieve. 

iThe ileaves iof iselected icrops iwere iwashed ithoroughly iwith ideionized iwater ito iremove iparticles, 

ithen idried iat i70°C iand iground iinto ia ifine ipowder. iA i0.5 igram isample iof ieach icrop iand isoil iwas 

iweighed iand iplaced iin ia ihard iBorosil iglass itube. iA imixture iof iconcentrated initric iacid iand 

iperchloric iacid iin ia i4:1 iratio iwas iadded ito ieach isample. iThe isamples iwere ikept iin ia iwater ibath ifor 

i5 ito i6 ihours ior iuntil ithey iwere icompletely idigested iand iclear. iThen, i3 ito i4 idrops iof i30% ihydrogen 

iperoxide iwere iadded ito ineutralize iand idissolve ithe ifat. iAfter icooling, ieach isample iwas idiluted ito 

i10 iml iwith ideionized iwater iand itransferred ito ia isterilized iBorosil iglass ivial, iwhere iit iwas istored iat 

iroom itemperature ibefore ianalysis. i
[8] 

Collection iOf iData i 
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A isystematic isearch iwas idone ito ifind iresearch ipapers ion iwastewater iirrigation iand ithe  

iaccumulation iof iheavy imetals iin ivegetables.The isearch ialso iincluded istudies ion iheavy imetals iin 

isoil iand ithe isources iof iirrigation iwater. iResearch ipapers iwere iselected iif ithey idiscussed ithe iuse iof 

iwastewater ifor iirrigation, iboth iexperimental iand ireview-based istudies, iand ipapers ion ithe 

iconcentration iof iheavy imetals iin ivegetables. iStudies ion itransfer ifactors iand ihealth irisk 

iassessment iwere ialso iincluded. iFrom ithe iselected ipapers, ia idetailed ianalysis iwas idone ion ithe 

iconcentration iof iheavy imetals iin iagricultural iproducts. iFor ithis ireview, idata isuch ias ithe isource iof 

iirrigation iwater i(wastewater), itypes iof ivegetables, ithe inature iof ithe ivegetable i(leafy iversus inon-

leafy), ilocation iof ithe istudy, iand ithe iconcentration iof iheavy imetals iwere ianalyzed. i
[8] 

Protocols iAnd iAnalysis iFor iSoil, iPlant, iAnd iWater iSamples i 

All ilaboratory itests ifor isoil iand iwater isamples iwere idone iusing ithe imethods idescribed iin 

iHandbook i60 iby ithe iU.S. iLaboratory iStaff i(1969), ior ias imentioned iotherwise. 

To idetermine ithe isoil itexture, ithe ihydrometer imethod iwas iused. iThe iInternational iTextural 

iTriangle, iwhich ihelps iclassify isoil ibased ion ithe iamounts iof isand, isilt, iand iclay, iwas iused ito 

iidentify ithe isoil itexture iclass. i

[9]
 

Analysis iOf idata i 

The idata iwere istudied ibased ion ithe ilevels iof iheavy imetals ifound iin idifferent iparts iof iplants iand 

ialso ibased ion ithe itransfer ifactor i(TF) iof iheavy imetals. iThe iTF iis ithe iratio iof iheavy imetal 

iconcentration iin iplants icompared ito ithat iin isoil. iA irisk-assessment ianalysis iwas idone ito ishow ithe 

ihealth irisks ilinked ito idifferent itypes iof iheavy imetals iand ithe iconsumption iof ivarious iagricultural 

iproducts. iThis iwas idone iusing ithe ihazard iquotient i(HQ) iindex. iOther imeasures, ilike ithe 

ienrichment ifactor iof isoils iand ithe iair iaccumulation ifactor iof iheavy ielements iin ivegetables, iwere  

idiscussed iwhenever idata iwere iavailable. i

[10]
 

Discussion 

Sources iOf iHeavy iMetals i 

Both inatural iand ihuman-made isources icontribute ito ithe ipresence iof iheavy imetals iin iwastewater 

iand iirrigated isoils. iNatural isources iinclude isoil ierosion, ivolcanic ieruptions, iurban irunoff, iand 

iaerosol ideposition. iOn ithe iother ihand, ihuman iactivities isuch ias iindustrial iprocesses iand 

ihousehold ipractices iare imajor ianthropogenic icontributors. i
[10] 
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With ithe igrowing ipopulation iand iassociated ihuman iactivities, ithe iconcentration iof iheavy imetals 

iin iwastewater ihas iincreased.Urban iareas iare iparticularly isignificant iin ithe idistribution iof imetals 

iin isewage iand isoil. iDomestic iwastewater, iwhich imakes iup ia ilarge ipart iof iurban iwastewater, 

iincludes isources ilike ifood, idetergents, icosmetics, isanitary ifittings, ikitchen iwaste, ilaundry iwater, 

ibath iwater, iand itoilet idischarge. iThe ipossible isources iof ivarious iheavy imetals iin idomestic 

iwastewater iare ilisted iin iTable i1. i
[10] 

 

Table i1: iSources iof iheavy imetals iin idomestic iwastewater 

Metal Sources 

Pb i Sewer ihookups iand ipipelines, iwastewater ifrom ilaundry i 

Cr i Cleaning iof imetal icookware i 

Ni i Stainless isteel imaterials, icleaning iof icookware, ifeces, i 

Zn i Food, iplumbing imaterials, idetergents, itoothpaste, ishampoo, iand ideodorants i 

Fe i Food icoloring, idiet isupplements, isteel iand iiron iproducts, iwater isupply ipipes, 

ipaints, iand icosmetics i 

As i Medicines, iwashing iproducts, iglass, iwood ipreservatives, igarden iproducts i 

Mn i Pesticides, ifood iproducts ilike igrains, inuts, itea ileaves i 

Cu i Copper ipiping icorrosion i 

Cd i Washing ipowder, idish iwash idetergents i 

 

Industrialization ihas icaused iheavy imetal icontamination iin ithe isoil. iToxic ichemicals ibuild iup iin 

ithe isoil ibecause iof ifast iindustrial igrowth, iunplanned icity iexpansion, iand ilong-term iuse iof ilarge 

iamounts iof ifertilizers iand ipesticides. iThe imain isources iof ipollution ifrom ihuman iactivities iare 

ilinear isources i(from ivehicle itransport), isurface isources i(from ihousehold iemissions), iand ipoint 

isources i(like ifuel iburning iand iindustrial ismoke ifrom ichimneys). iDifferent iindustries icreate 

ivarious iheavy imetals, isuch ias ichromium ifrom ipaint iand imetal iindustries, inickel ifrom isteel 

iproduction, iand icadmium ifrom ismelting. iRoad itraffic ialso iproduces icertain iheavy imetals ilike 

ilead. iFor imany iyears, ilead iwas iadded ito igasoline, iand iwhen iit iburned, iit ireleased ilead iinto ithe 

ienvironment, ibut ithis isource iis ibecoming iless icommon iover itime. iStudies ihave ifound ithat istreet 
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idust ialong ibusy iroads iis ia imajor ipollutant iin iurban isoils. iRoads iwith iheavy itraffic ican ialso ipollute 

ithe isoil ibecause ivehicles irelease iexhaust ithat icontains imetal-rich iparticles. i
[8-10] 

Heavy imetal ipollution iin isoil iis ia ibig iconcern inear iindustrial iareas, ias iit iharms ithe ienvironment. 

Some istudies ishow ithat iusing iwastewater ifor iirrigation ichanges ithe iphysical iand ichemical 

iproperties iof isoil. iResearch ifrom iIndia iindicates ithat iusing iwastewater ito iwater icrops iincreases  

ithe iamount iof iheavy imetals iin ithe isoil iand iin ithe ifood igrown. i
[8] 

The iamount iof imetals iin ithe isoil iaffects ihow imuch iof ithem iends iup iin ivegetables. 

Natural irock iformations iare ia isource iof ithese imetals iin ithe isoil. iMetals ialso iget iinto ifarmland 

ithrough iorganic iand imineral ifertilizers, iespecially ithose icontaining icalcium iand iphosphates. 

iPesticides iand ifungicides iare ialso isources iof imetals iin ithe isoil. i
[7] 

The icondition iof ithe isoil iplays ia ibig irole iin ihow iavailable iheavy imetals iare ifor iplants ito itake iin. 

Factors iinclude ithe isoil's ipH ilevel, itype iof isoil, imoisture icontent, iand ithe iinitial imetal 

iconcentration iin ithe isoil. iFor iexample, isoils iwith icertain igrain isizes itend ito ihold imore icadmium.  

iStudies ialso ifound ithat ithe icadmium icontent iin icrops ilike iwheat iis, ito isome iextent, iconnected ito 

ithe icharacteristics iof ithe itop ilayer iof isoil, iincluding ithe itotal iand isoluble ilevels iof icadmium iin ithe 

isoil. i
[8] 

Heavy iMetals iIn iVegetables 

Figure i1 iindicates ithe idifferent istudy ilocations iof iIndia iwhose ifindings ihave ibeen icovered iin ithis 

iarticle. ithe imean iconcentration iof ivarious iheavy imetals, ifor iexample, iZn; iCu; iMn i; iCr; iCd; iPb i, 

iand iNi i ifrom ithose ilocations. iLikewise, ithe iconcentration iof iheavy imetals iin ileafy iand inonleafy 

ivegetables ifrom iseveral iparts iof iIndia ihas ibeen ireported iin ithe iliterature, iand ithese iare ireported iin 

iTables i2 iand i3. i
[8] 

Table i2: iConcentration iof iheavy imetals iin ithe iedible iportion iof ileafy ivegetables[8] 

Study iarea Heavy 

imetals 

Sources iof iheavy 

imetals 

Types iof isample 

ivegetables 

Key ifindings 

Outskirts 

iof 

iBombay 

icity i 

Pb, iCd, iCu, 

iand iZn i 

Atmospheric 

ideposition i 

Amaranthus i The ihighest iconcentration iof iCd i 

Kanpur i Fe, iCr, iZn, 

iMn iand iCu i 

Treated itannery 

iwastewater iis ia isource 

iof ipollution i 

Amaranth, ispinach, 

icoriander, i 

A ihigher iaccumulation iof iCr iin 

iedible iparts iof ileafy ivegetables 

iwas iobserved i 
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Amritsar, 

iPunjab i 

Cd, iCu, iFe, 

iPb, iand iCo i 

Effluents ifrom 

iindustrial iunits i 

Coriander, ifenugreek, 

imint, ispinach i 

Spinach iwas ithe imost ihazardous 

ifor icobalt, iand icopper iwas ihighest 

iin ispinach i 

Rewa, 

iMadhya 

iPradesh i 

Fe, iZn, iCu, 

iPb, iCd, iMn, 

iand iCr i 

Effluents ifrom ia 

icement ifactory i 

Spinach i Pb, iCd, iand iCr iwere ihigher iin 

ispinach iwhen icompared ito 

inonleafy iplants i 

Sri 

iGanganag

ar idistrict, 

iRajasthan 

i 

Fe, iMn, iCu, 

iand iZn i 

Continuous iand ilong-

term iirrigation iwith 

iwastewater i 

Spinach, imustard, 

ipeppermint, icoriander 

i 

Spinach ihas ishown ia ihigher 

iaccumulation iof iFe, iMn, iCu, iand 

iZn, i 

Hyderaba

d i 

Zn, iCr, iCu, 

iNi, iCo, iand 

iPb i 

Sewage idisposal ito ithe 

iriver iand iuse iof iriver 

iwater ias ia isource iof 

iirrigation i 

Forage igrass, icoconut, 

ispinach, iamaranthus, 

icoriander ileaves, imint 

ileaves i 

High iamounts iof iZn ifollowed iby 

iCr iand iNi iin ispinach iand 

iamaranthus i 

Delhi i P, iK, iS, iZn, 

iCu, iFe, iMn 

iand iNi i 

Sewage ieffluents iare 

ithe iprimary isource iof 

ipollution i 

Gobhi, iSarson, 

ispinach, icauliflower i 

Spinach, igobhi, iand isarson ihave ia 

icomparatively ihigher 

iaccumulation iof iheavy imetals 

ithan inonleafy iones i 

Suburban 

iof 

iVaranasi i 

Cu, iZn, iCd, 

iPb, iNi, iand 

iCr i 

Industrial ieffluents i Spinach, iamaranthus, 

icabbage i 

Cu iand iCr iwere ihigher iin ileafy 

ivegetables i 

Lucknow i Cr, iNi, iZn, 

iCu, iand iCd i 

Effluent ifrom ian 

ielectroplating iindustry 

i 

Spinach i Leafy ivegetables ihave ia igreater 

iaccumulation i 

Bangalore i Fe, iZn, iCu, 

iNi, iCr, iPb, 

iand iCd i 

Sewage iis ithe imain 

isource iof ipollution i 

Spinach i Heavy imetal icontamination iin 

ivegetables iis imuch iin ileafy 

ivegetables iwhen icompared ito 

inonleafy ivegetables i 

Varanasi i Cd, iNi, iCu, 

iCr, iPb, iand 

iZn i 

Sewage isludge i Spinach i Increase iheavy imetal 

iconcentration iof iCd, iNi, iand iZn i 

Northern 

iIndia i 

Cd, iCr, iNi, 

iand iPb i 

Treated isewage i Spinach, icabbage i Higher iconcentration iof iheavy 

imetals iin ileaf iwhen icompared ito 

iother istorage iorgans i 

Titagarh, 

iWest 

Pb, iZn, iCd, 

iCr, iCu, iand 

Municipal iwastewater 

iirrigation i 

Lettuce, ipudina, 

icauliflower, ispinach, 

Pb, iZn, iCd, iCr, iand iNi 

iconcentrations iin iall ithe ileafy 
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iBengal i iNi i icoriander i ivegetables iwere ibeyond ithe isafe 

ilimits i 

Korba, 

iChhattisg

arh i 

Fe, iAs, iCr, 

iMn, iCu, 

iZn, iPb, iCd, 

iand iHg i 

Industrial ideposition i Amaranthus., ispinach, 

icoriander i 

High ihealth irisk iindex ifor iAs iin 

iall ithe itested ivegetable i 

Vadodara, 

iGujarat i 

As, iCd, iCr, 

iCu, iFe, iMn, 

iNi, iPb, iand 

iZn i 

Use iof iindustrial 

ieffluent ifor iirrigation i 

Spinach, icoriander, 

icabbage, idill i 

Spinach iand icabbage ishowed ihigh 

iaccumulation iand itranslocation iof 

iAs, iCd, iCr, iPb, iand iNi iin itheir 

iedible iparts i 

 

Table i3: iConcentration iof iheavy imetals iin ithe iedible iportion iof inonleafy ivegetables[8] 

Study iarea Heavy 

imetals 

Sources iof iheavy imetals Types iof isample 

ivegetables 

Key ifindings 

Visakhapatna

m, iAndhra 

iPradesh i 

Pb, iZn, iNi, 

iand iCu i 

Deposition iof imetals idue 

ito iemissions ifrom 

iindustrial iand itransport 

isectors i 

Tomato, ilady's 

ifinger, icapsicum i 

Higher ilevels iof iPb 

iconcentrations iin ivegetables 

igrown iin ian iindustrial iarea i 

Amba iNalla iin 

iAmravati 

iCity, 

iMaharashtra i 

Pb iand iCd i Wastewater ifrom 

idomestic isources i 

Tomato i Concentration imore ithan ithe 

ipermissible ilimit i 

Vadodara, 

iGujarat i 

As, iCd, iCr, 

iCu, iFe, iMn, 

iNi, iPb, iand 

iZn i 

Use iof iindustrial ieffluent 

ifor iirrigation i 

Radish, itomato, 

ichili, ibrinjal iand 

iokra i 

Radish, itomato, iand ichili ishowed 

ihigher iaccumulation iof iAs, iCd, 

iCr, iPb, iand iNi iin itheir iedible 

iparts i 

Amritsar, 

iPunjab i 

Fe, iCo, iCu, 

iCd, iand iPb i 

Wastewater idrain i Radish, iturnip i HQ ihigher ithan ithe isafe ilimits iin 

ispinach i 

Delhi i P, iK, iS, iZn, 

iCu, iFe, iMn, 

iand iNi i 

Sewage ieffluents iare ithe 

iprimary isource iof 

ipollution i 

Rice, iwheat, 

isorghum, imaize, 

ioats, icucumber, 

iradish i 

Ni ihas ithe igreatest ipotential, 

ifollowed iby iZn, iFe, iMn, iand iCu 

iin ithe iplants i 

Kanpur i Fe, iCr, iZn, 

iMn, iand iCu i 

Treated itannery 

iwastewater iis i 
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Heavy imetal iconcentrations iin isoil iand icrops ivary ibased ion ithe isource iof icontamination iand ithe 

itype iof iagricultural iproduce[8]. iIn iDelhi's iperi-urban iregions, iwhere icrops ilike ispinach iand ilady's 

ifinger iare icultivated iand iexposed ito iindustrial ieffluents, isewage isludge, iand ivehicle iemissions, 

iheavy imetals iwere ifound iin ivarying ilevels. iSpinach ishowed ihigher iconcentrations iof iCu i(7–50 

img ikg⁻¹), iZn i(51–282 img ikg⁻¹), iCd i(1.4–9.0 img ikg⁻¹), iand iPb i(1.7–9.2 img ikg⁻¹) icompared ito 

ilady's ifinger. iThe idifference iin imetal iconcentrations iin ispinach iand ilady's ifinger iwas iattributed ito 

itheir idiffering iabilities ito iintercept imetal iions, ithe itransport imechanisms i(mass iflow iand  

idiffusion), itranslocation ifrom iroots ito ishoots, iand itheir iaccumulation iand iretention icapacities. iIn 

ithe icase iof ivegetables igrown iin ilate iautumn iin isuburban iVaranasi, ileafy ivegetables ilike ispinach 

ihad ihigher iCu iand iCr ilevels ithan inon-leafy ivegetables ilike ibrinjal iand ilady's ifinger[8]. i 

 

Figure i1: iDifferent istudy ilocations iin iIndia. 
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In ithe iDinapur iarea iof iVaranasi, iCu, iPb, iand iNi ilevels iwere ihigher iduring iwinter ithan isummer, 

ilikely idue ito ithe irapid idecomposition iof iorganic imatter iin isummer, iwhich ireleases iheavy imetals 

iinto ithe isoil isolution. iAn iassessment iof ithe ihealth irisks iposed iby iheavy imetals i(Fe, iAs, iCr, iMn, 

iCu, iZn, iPb, iCd, iand iHg) iin ivegetables igrown iin ithe icoal-burning ibasin iof iKorba, iIndia, irevealed 

ithat isoils iwere ienriched iwith iAs, iCd, iand iPb, iwith iAl-normalized ienrichment ifactors iof i27 i(As), 

i19 i(Cd), iand i11 i(Pb), iprimarily ilinked ito icoal-burning iactivities. iSpinach ishowed ithe ihighest 

imetal ipollution i(16.2 img ikg⁻¹) icompared ito ibrinjal i(3.1 img ikg⁻¹), ilikely idue ito ithe ihigher ibiomass 

iof ileafy ivegetables. iThis iled ito ia ihigher ihealth irisk iindex ifor ispinach, iespecially ifor iAs. i
[6-8] 

Conclusions i 

By ireviewing ipublished istudies, iwe iassessed ithe iimpact iof iwastewater iirrigation iin i(semi)-urban 

iareas iof iIndia. iGiven ithe ilikelihood ithat iwastewater iirrigation iwill icontinue idue ito iincreasing 

iwater idemand, iit iis iessential ito ievaluate ihow iwastewater iaffects ithe itransfer iof iheavy imetals ito 

isoils iand isubsequently ito icrops igrown iin ithem. iThis istudy iaimed ito idetermine ithe iconcentrations 

iof ivarious iheavy imetals iin isoil, iwater, iand icommon icrops iin iSri iGanganagar idistrict. iIt iwas ifound 

ithat iwater isamples ishowed iheavy imetal iconcentrations iin ithe iorder iFe i> iMn i> iCr i> iZn i> iPb i> iNi 

i> iCu i> iCo i> iCd, iwhile isoil isamples ishowed ia isimilar itrend. iCo iand iCd iwere ithe ileast 

iconcentrated iin iboth iwater iand isoil. iThe isource iof iheavy imetal icontamination iin ithe iecosystem iis 

ilikely idue ito ithe irelease iof iuntreated iindustrial iand idomestic iwastewater, iexcessive iuse iof 

ipesticides iand isynthetic ifertilizers, iand iatmospheric ideposition ifrom ivehicular iemissions. iThese 

iheavy imetals ican icause isignificant ihealth iissues ifor ihumans. iTherefore, iregular imonitoring iof 

iheavy imetals iis icrucial ifor iaddressing irelated ihealth irisks. 
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